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PREFACE

Mechanical Shoulder Disorders: Perspectives in Functional
Anatomy is the result of collaboration by two col-
leagues and friends whose professional passion has
long been the study of clinical anatomy and exercise
science. As in our previous Perspectives in Functional
Anatomy texts, Mechanical Low Back Pain and Mechanical
Neck Pain, the intent of this new multimedia package
is to weave these two sciences into a clinically appli-
cable model for the evaluation and treatment of the
painful disorders of the shoulder. We also emphasize
training considerations that will enhance perform-
ance for all aspects of living.

The DVD module that accompanies this textbook
contains 2 hours of narrated cadaver dissection,
which emphasizes the interdependence of physio-
logic structure and function. Commentary regarding
clinical application is made throughout each dissec-
tion in order to allow both student and clinician to
appreciate the musculofascial system as it works to
direct forces into and through the skeleton.

The text module coordinates with the DVD. In
Chapters 2, 3, and 4, the reader will find small cir-
cular icons marked “DVD” in the book’s margins.
These icons identify content that is enhanced by spe-
cific video clips on the DVD. The reader will
increase learning benefit by inserting the DVD and
playing the clips that are listed in the “Text
Reference Section” while reading the book. This
innovative method for learning presents a three-
dimensional perspective of the glenohumeral and
scapulothoracic regions. Additionally, more than 200
superb illustrations are positioned throughout the
text to effectively satisfy the two primary methods of

learning: multisensory (visual) and reading compre-
hension. Chapter 5 includes an effective assessment
component with over 40 step-by-step photographs.
Chapter 6 focuses on treatment options and includes
an exercise section with 48 exercises and 160 photo-
graphs that clinicians, exercise physiologists, and
patients will find useful.

Movement is anabolic, and sustaining strength and
painless activities are important to the quality of life
and a sense of well-being. A true appreciation of a
healthy body can be clearly described only by someone
who has lost the ability to move painlessly and then
through hard work and effective guidance has
regained it. Conversely, the process of aging is cata-
bolic. The degenerative process, which is compounded
by injury, is what ultimately must be managed.
Understanding the close interrelationships between
exercise (movement) and health maintenance, both
physical and mental, has been our theme throughout
our textbooks. We remain dedicated to the develop-
ment of efficient patient care models that emphasize
rehabilitation strategies and direct management of
musculoskeletal problems. We are especially mindful of
the need to quantify effective treatment outcomes and
the importance of patient education in ensuring a
return of body function within the medical, therapeu-
tic, and economic realities of the current health care
market. These themes, coupled with an understanding
of the three-dimensional anatomy, continue in this
new product.

James A. Porterfield
Carl DeRosa
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INTRODUCTION

Musculoskeletal disorders are a major health con-
cern and remain one of the primary reasons for seek-
ing health care. As we approach our 50s and 60s,
disorders associated with bones, joints, and muscles
are often the cause of worker disability, and there is
little evidence to suggest that disability from muscu-
loskeletal disorders is decreasing. While spinal disor-
ders are the leading cause of musculoskeletal
disability, they are followed by disorders of the extrem-
ities, especially disorders of the upper extremity.

Although low back, neck, and hand and wrist pain
are commonly involved in work-related injuries, disor-
ders of the shoulder are increasingly seen in the work
environment, particularly when workers are required
to do repetitive overhead lifting or under conditions
where static shoulder postures need to be assumed.
Work-related disorders associated with the shoulder
are often referred to as “occupational cervicobrachial
disorders” and are characterized by symptoms of dif-
fuse pain in the paracervical, scapular, and gleno-
humeral regions.4 As clinicians, we see that mechanical
shoulder problems are not limited in their presentation
to the shoulder girdle, but encompass a fairly extensive
area of the upper quarter. The most common work-
related disorders are associated with light industry,
assembly line workstations, and office environments.

In this text we will endeavor to present the shoulder
girdle complex in the context of its relationship to the

surrounding body area including the neck and arm, as
well as the trunk and lower extremities. As we con-
tinue to look for the best ways to treat shoulder disor-
ders, it is valuable to integrate the typical local focus of
the shoulder itself with a more global focus that
includes its relationship with other areas of the appen-
dicular and axial skeleton.

Many work environments are conducive to occupa-
tional injuries that result in cervicobrachial disorders.
Required tasks often result in static postures of the
upper trunk and shoulders and simultaneous rapid
movements of the hands.10,36,42 The disorders that
result from occupations that require prolonged, static
postures tend to be related to cumulative microtrauma
to the musculoskeletal tissues, which can be com-
pounded by reduced neuromuscular efficiency. On the
opposite end of the injury spectrum, you find work
environments that require heavy lifting and abrupt,
rapid force generation. These occupations have a
higher incidence of macrotraumatic injuries such as
rotator cuff tears.

U.S. Bureau of Labor statistics from the past decade
reveal an incidence of occupational cervicobrachial
disorders that has increased and now ranks second to
low back and neck pain in frequency.46 Different
occupations place such unique demands on the muscu-
loskeletal system that the prevalence of occupational
cervicobrachial disorders has a broad range, varying
from 5% to 28%. In some occupations, such as musi-
cians, it may be as high as 75%.20,36
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The shoulder joint lacks inherent bony stability and
therefore relies heavily on its associated muscles, joint
capsules, and ligaments for stability. This places the
soft tissues of the shoulder, particularly the connective
tissue, at significant risk for injury.29 The dependence
on soft tissue for stability of the shoulder is best under-
stood when you recognize that dislocations of the
glenohumeral joint account for the largest percentage
of dislocations when compared with all the other joints
in the body.27

One of the most common clinical observations
regards the differences seen between body regions of
age-related changes of the specialized connective tis-
sues. When considering the age-related changes of the
spine, hips, and knees, for example, we are struck by
the degenerative changes associated with the articular
cartilage of those joints. In many shoulder disorders,
however, the soft tissue of the region is the primary
source of mechanical shoulder pain, for example, in
the tendons and joint capsules, rather than articular
cartilage. Certainly arthritis of the glenohumeral joint
can be a major clinical problem, and advancing
arthritic conditions of the glenohumeral joint are seen
in the older adult population with approximately a
20% prevalence.26,48 But we are often struck by the
preponderance of soft tissue disorders related to the
shoulder that we see in the clinic.

While industrial injuries have been a major impe-
tus for analyzing the biomechanics of the anatomical
regions that are associated with work-related injuries,
it is really the sports sciences that have served as the
stimulus for the study of shoulder biomechanics.
Over the past several years, clinicians and scientists
have begun to combine much of the emerging knowl-
edge pertaining to the anatomy and biomechanics of
the shoulder joints with the burgeoning understand-
ing of tissue damage that results from industrial
repetitive strain injuries. This has enabled us to gain
a better understanding of the causes of shoulder
injury, the response of the tissue of the shoulder
complex to injury, the strategies that can be used to
evaluate the shoulder, and, ultimately, the best ways
to surgically and nonsurgically manage shoulder
disorders.

The art and science involved in the evaluation and
treatment of the shoulder depend largely on an
understanding of the tissue’s response to abnormal or
excessive stress, as well as an application of this knowl-
edge to the clinical anatomy of the region. This type
of an approach leads to sound treatment and positive
outcomes.

In this text we present a carefully illustrated and
comprehensive description of shoulder anatomy in a
manner designed to help direct the examination
process. Understanding tissue injury and the healing
process, coupled with the recognition of the role of
the neuromuscular system of the trunk and shoulder
complex, is essential to the successful treatment. We
also emphasize the manner in which the strength of
the trunk and shoulder girdle contributes to loading
patterns that ultimately reach the connective tissues of
the shoulder complex. In this chapter we examine the
science of connective tissue as it relates to the shoulder
since this tissue is so often compromised in syndromes
of the shoulder complex. Additionally, we introduce
several examples of common connective tissue disor-
ders of the shoulder girdle in order to set the stage for
more complete consideration of these and other
mechanical disorders later in the book.

PURSUIT OF AN ACTIVE
LIFESTYLE

As a result of many medical advances, the average
life expectancy increases each decade. Consequently
many of us are now pursuing sporting and recre-
ational activities well into our eighth decade. Among
the many stimuli for maintaining a healthy and active
lifestyle are advances in the understanding of the
causes of osteoporosis and the ways to minimize its
onset, the beneficial effect of activity on the joints and
muscles, the adverse effect of inactivity on the car-
diopulmonary system, and the emotional and social
benefits of exercise. These factors motivate all of us to
engage in activities that are enjoyable and also have
the potential to optimize our general health.

Some common activities include weight training,
aerobic dancing, golf, swimming, racquet sports such
as tennis and racquetball, and throwing sports. Even
rock climbing is capturing the interest of many.
Others make time to learn and play a musical instru-
ment. All of these activities can place extraordinary
demands on the muscle and connective tissue of the
shoulder complex. Likewise, range-of-motion require-
ments and trunk and shoulder muscle recruitment are
very specific and precise for each activity. As a result of
the increased number of individuals of all ages engag-
ing in such varied activities, shoulder injuries now
appear with greater frequency.

Rotator cuff tendon lesions provide a good example
of the magnitude of shoulder disorders in the general

2 PRINCIPLES OF MECHANICAL SHOULDER DISORDERS

W9272-01.qxd  8/25/03  2:09 PM  Page 2



population. The variability of rotator cuff lesions
makes it extremely difficult to assess the incidence of
these tears precisely because age plays such a signifi-
cant factor in the pathogenesis of this injury. As a
result of the wide variation in signs and symptoms,
and lack of understanding with regard to the differ-
ences between the normal aging process and degener-
ation, incidence rates have been placed as low as 5%
and as high as 90%.55 Especially in the older adult
population, incidence rates for cuff tears may be as
high as 90%.14 As is the case with many other areas of
the body, it is difficult to determine what is normal,
expected aging and degeneration of tissues and what
is a true pathological lesion.

Rotator cuff tears vary from being partial to full
thickness (see Chapter 3). These injuries may present
as painful entities or may not be painful at all; cuff dis-
orders may result in significant functional deficit or
leave no functional limitation.38

Thus, despite our continued advances in the study
of sport science and repetitive strain injuries in the
workplace, the simple fact remains that the primary
cause of rotator cuff degeneration is age. Age results
in a decrease in tendon elasticity and tensile strength,
and these changes occur in active, as well as sedentary,
individuals. And this emphasizes an important clinical
concept: tendon lesions have a limited capacity to heal,
though symptoms may decrease. Therefore symptom
reduction is an unreliable way to determine tendon
integrity.

Regardless of the presence or absence of symptoms
and signs that might indicate cuff tears, loss of tendon
integrity compromises the stability of the shoulder.
Furthermore, such soft tissue injury associated with
the shoulder joints results in altered joint kinematics,
which may result in additional degenerative changes
to surrounding tissues of the shoulder complex.

Key Role of Tissue Mobilization
Versus Immobilization

The advances in understanding the response of
connective tissue to injury, age, and adaptive change
have occurred simultaneously with an enhanced
understanding of the clinical anatomy of the shoulder
complex and the contribution by the various compo-
nents of the complex to its remarkable mobility. We
know that immobilization is tolerated very poorly
because motions of the shoulder girdle encompass
several articulations and interfaces. In fact, immobi-

lization of the shoulder can lead to irreversible
changes and a permanent loss of function.33,45,47,50

The deleterious effect of prolonged immobilization
and the pronounced effect of disuse on the connective
tissues result in structural changes to the tissues. For
example, as a result of immobilization, the fibers of
ligaments become increasingly disorganized and lose
their parallel structure. Ligaments lose their structural
rigidity, and as a result, less energy is needed to deform
them.1,15 Fibrous tissue with fatty inlays begin to
invade the connective tissue and then adhere to the
articular cartilage surface in the absence of joint
motion.2

The properties of all the key connective tissue struc-
tures, such as synovial membranes, joint capsules, lig-
aments, tendons, insertional sites of tendons and
ligaments, and the bones, are all adversely affected
with immobilization and inactivity. The result is that
these tissues can no longer attenuate compressive,
tensile, or shear loads.7

Concurrent with changes in the connective tissues,
the muscle tissue loses its volume and its normal func-
tion is also altered. In as little as 2 weeks, the mass of
muscle begins to decrease because of a loss of myo-
fibrils, and the oxidative enzymes needed for mito-
chondrial activity begin to diminish.13 The strength
(torque-generating ability of the muscle) and the
oxidative capacity (necessary for muscle endurance) of
the muscle therefore are decreased. The relative mus-
cle atrophy seen so often in the sedentary individuals
is a major concern. The loss of lean muscle mass cou-
pled with skeletal changes that occur during aging
render our bodies less able to deflect the barrage of
forces that reach the articulations during daily activi-
ties of living, work, and sport.

In Chapter 3 we describe the anatomy and mechan-
ics of the shoulder girdle muscles in detail. In addition
to the role of these muscles in the movement of the
various bony levers, we also point out the mechanical
linkages each muscle has with connective tissue struc-
tures such as the joint capsules, ligaments, and fascial
networks. In order to better understand how muscles
contribute to the stability of an inherently unstable
region like the shoulder girdle, it is necessary to
broaden our view of the role muscles play over the
articulations. The intimate relationship between mus-
cles and specialized connective tissues is illustrated by
the linkages seen between the rotator cuff muscles and
joint capsule: the various muscles attached to and
lying within the infraspinatus fascia, the convergence
of numerous powerful muscles at the inferior border
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of the scapula, and the relationship of the abdominal
fascia to the muscles of the anterior chest wall.

In these and other instances you can compare the
muscle–connective tissue dynamics to the way in
which a tent is stabilized. The central pole of the tent
equates to the pushing effect the muscles, encased
within the fascial envelopes, have as a result of the
broadening effect of their contraction. External to this
same fascial envelope are the pulls of various muscles,
which act like the guy wires of a tent in securing and
tightening the structure. Stability of the tent is
achieved when the central post is pushing with appro-
priate force, and the guy wires are pulling in a manner
that maintains tension within the tent walls. An excel-
lent example, detailed in Chapter 3, involves the role
of the infraspinatus fascia and the muscles encased
within (the center pole of the tent) and attached to the
external aspect (the guy wires pulling on the tent).

As a result of our understanding of the importance
the musculature plays, current rehabilitation concepts
associated with management of mechanical shoulder
disorders feature earlier initiation of motion exercises
for all of the key components of the shoulder complex
and strength training of the glenohumeral, scapu-
lothoracic, and trunk muscles (see Chapters 3 and 6).
The intent of a more aggressive but specific approach
to continued mobilization is to minimize the atrophy
of the glenohumeral musculature. This is important
because the glenohumeral joint is so highly dependent
on neuromuscular control of the humeral head within
the glenoid, and full shoulder motion requires the syn-
chrony of scapula motion on the thorax. Earlier reha-
bilitation is now possible as a result of advances in
surgical techniques and arthroscopic procedures that
minimize the morbidity of the surrounding tissues.39

Influence of Body Type on
Musculoskeletal Syndromes

Similar to most regions of the appendicular skele-
ton, the joints and soft tissues are subject to varying
loads and diverse combinations of forces. The
mechanical loads that reach the various tissues of the
shoulder are compression, tension, and shear. These
forces can reach different tissues of the shoulder in
many different ways. An analysis of a posteriorly
directed shear force at the glenohumeral joint is a
good example (Figure 1-1). A posterior shear between
the head of the humerus and the glenoid fossa can be
imparted to the joint via the alignment of the two

bones during a push-up. A posterior shear force also
can occur as a result of contraction of the posterior
cuff muscles. In a completely different scenario, a tight
anterior glenohumeral joint capsule may generate a
posterior shear of the humerus on the glenoid when
the humerus is brought backward toward hyperexten-
sion. And in yet another example, an examiner may
apply a posterior shear force through the humerus
with a simple anterior-to-posterior force as long as this
force is applied in the plane of the scapula. Note in
each of these examples that the forces of compression
and tension are simultaneously reaching different tis-
sues, and it is essential that these forces be modified by
the connective tissues as well.

The response of the tissues to forces of compres-
sion, tension, and shear is dependent on many factors,
but one that needs to be considered in the evaluation
of the patient is the body type. This is especially true
in the examination of a patient with shoulder pain (see
Chapter 5). Forces applied to the ectomorphic, highly
inflexible individual result in a much different tissue
response than forces applied to a mesomorphic, mus-
cular individual or an endomorphic, highly flexible
individual. Recognition of the body type often directs
the clinician toward a different hierarchy of treat-
ment. For example, it may be more appropriate to
place additional emphasis on strengthening in an indi-
vidual with a seemingly lax connective tissue matrix
than to focus on stretching techniques, while an
emphasis on motion and flexibility may be a better
approach for the individual with a more rigid connec-
tive tissue matrix. Consideration of body type is there-
fore essential in the evaluation and treatment of most
shoulder disorders.

When we analyze the broad spectrum of shoulder
disorders seen in the clinic, the end result of many
mechanical shoulder disorders can be distilled into
specific biomechanical conditions: compression prob-
lems especially within the coracoacromial arch, tensile
overload especially within the cuff tendons, and gleno-
humeral joint instability that results in excessive trans-
lation of the humeral head on the glenoid as a result
of the inability to attenuate shear forces. Two exam-
ples of these biomechanical conditions are increased
compression of the soft tissues residing in the
suprahumeral space, which might occur with elevation
of the humeral head, and humeral head subluxation,
which might result from a redundant glenohumeral
joint capsule. In these two very different clinical
examples, a change in the connective tissues has
resulted in two distinctly different clinical conditions.

4 PRINCIPLES OF MECHANICAL SHOULDER DISORDERS
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Infraspinatus

Subscapularis

Compression

OBLIGATE POSTERIOR TRANSLATION

Figure 1-1. Posterior shear force is applied to the glenohumeral joint. A, From a push-up as a
result of weight bearing. B, Through contraction of the posterior cuff muscles. C, As the result of
a tight anterior glenohumeral joint capsule. D, As a result of the examiner applying posterior shear
loads via the lever of the humerus. (B and C from Rockwood CA Jr, Matsen FA III, Wirth MA, 
et al: The shoulder, ed 2, Philadelphia, 1998, WB Saunders.)

A

B
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The compression of the soft tissue that resides in the
suprahumeral space might be due to the tightness of
the posterior aspect of the glenohumeral joint capsule,
which forces the head anteriorly during humeral ele-
vation (see Chapter 4). Conversely, tightness of the
anterior capsule pushes the humeral head posteriorly,
and, more critically, tightness of the capsule in this
anterior region does not allow the glenohumeral joint
to reach full external rotation. Without full external
rotation, the greater tuberosity cannot be cleared
under the acromion during glenohumeral elevation.

Both syndromes result in increased compressive
load to the subacromial tissues. Paradoxically, laxity of
the glenohumeral joint capsule also may result in
increased compressive loads to the subacromial tissues
albeit for different reasons. The laxity of the gleno-
humeral joint capsule results in aberrational move-
ment of the humeral head on the glenoid especially
in the presence of a weak or fatigued rotator cuff. The
subacromial tissues are again compromised via
compression under the coracoacromial arch.

Again, body type is an important consideration
because you may be able to estimate the magnitude of
the abnormal or excessive loading patterns that reach
the shoulder due to the activities in which an individ-
ual is engaged. For example, different swimming
strokes have dissimilar requirements of the various
shoulder tissues. Throwers have very specific biome-
chanical requirements for attenuating stresses. Again,
the body type and the particular activity involved may
influence the treatment priority hierarchy. A young
female swimmer with a lax connective tissue matrix is
a strong candidate for glenohumeral instability prob-
lems, which lead to secondary changes in the rotator
cuff musculature. The glenohumeral joint of the base-
ball pitcher with a lax connective tissue matrix receives
extraordinary shear loads between the humeral head
and the glenoid during throwing, and the connective
tissue framework may not reasonably contribute to
stabilization of the joint.

On the other hand, the middle-age golfer who has
a more rigid connective tissue matrix may have less
glenohumeral and hip joint motion as a result of
adaptive changes in the joint capsules. In order to
carry out the golf swing, this golfer must compensate
for lack of motion at these two proximal appendicular
joints with excessive torsion of the lumbar spine.

Therefore it becomes important to closely examine
the overall joint laxity of patients who present with
mechanical shoulder problems. This is easily done by
quickly screening the other joints of the body, such as

the elbow or first metacarpal-phalangeal joint, for
multiplanar mobility and the resistance imparted to
the examiner’s hands with endrange positions. Often
the assessment of the turgor and elasticity of the skin
can also provide the examiner with clues to the expected
contributions of specialized connective tissues associated
with the shoulder joints.

Can glenohumeral joint laxity be acquired through
activity? Based on our knowledge of the response of
connective tissue to different stresses (discussed later in
this chapter), it is logical that excessive forces applied
continuously and for extended periods of time may have
the ability to alter the connective tissue matrix. You
should always suspect instability of the glenohumeral
joint in athletes or workers who engage in repetitive
overhead activities that simulate the movements
required in swimming, throwing, and racquet sports.
Indeed, this possibility presents a dilemma: the joint cap-
sule needs sufficient laxity in order to allow us to engage
in the activity, yet the capsule must have enough stiffness
to stabilize the joint. Perhaps no other joint in the body
depends on such a fine line delineating the requirements
for mobility versus the requirements for stability.

CONNECTIVE TISSUE WITH
SPECIAL REFERENCE TO 
THE SHOULDER COMPLEX

There are a variety of different types of tissue in the
human body, including epithelial, connective, blood,
muscle, adipose, and nerve. All are considered tissues
because they consist of cooperating cells that are
formed into coherent associations, which are then sur-
rounded by fibrous and amorphous intercellular sub-
stances. Each of the tissues of the body is represented
in the shoulder complex, but this section will focus on
connective tissue. The key components of the shoul-
der, including the rotator cuff tendons, biceps tendon,
glenohumeral ligaments, glenohumeral joint capsules,
bursal tissue, acromioclavicular capsule, and support-
ing ligaments, are prime examples of the connective
tissues that are associated with mechanical disorders of
the shoulder girdle.

Connective tissue is ubiquitous within the shoulder
complex (Table 1-1). The whole family of connective
tissue can be subdivided into connective tissue proper
and the subclasses of specialized connective tissue
(Figure 1-2). Even though there is a marked physical
difference between connective tissue proper and spe-
cialized connective tissue, both tissues are considered

6 PRINCIPLES OF MECHANICAL SHOULDER DISORDERS
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to reside within the same family because of the simi-
larity among the building blocks, namely cells, inter-
cellular matrix, and fibers.

Connective tissue proper can be subdivided into
loose connective tissue and dense connective tissue.
Loose connective tissue forms highly irregular matri-
ces that help to protect and hold structures such as the
vessels and nerves in place, or serve as tissue interfaces
as seen in the case of bursal tissue. The axilla features
an extensive array of loose connective tissue that also
incorporates fat tissue into its weblike structure, pro-
viding additional support and cushion for the brachial
plexus and the blood vessels in the axilla.

Dense connective tissue structures can be subdivided
into regular and irregular tissue, with the clinically key

subdivision being the dense regular type. Examples of
dense regular tissue in the shoulder include the rotator
cuff tendons, biceps tendons, the various ligaments of
the glenohumeral joint, acromioclavicular joint, and
sternoclavicular joint, and the joint capsules. Even
though dense connective tissue has an abundant fiber
framework, water still constitutes approximately 80%
of its total makeup, followed by fibers (15% to 20%),
and glycosaminoglycans (2%).23 While we discuss the
binding of water to these molecular elements later, in
general, the greater the concentration of proteoglycans
within the individual types of connective tissue, the
greater the percentage of water.

Specialized connective tissue includes tissue with
specific structures that allow for singular, individual-

PRINCIPLES OF MECHANICAL SHOULDER DISORDERS 7

Table 1-1. Connective Tissues of the Shoulder Complex

Bone Articular Cartilage Ligaments Joint Capsules Joint Structures
Humerus Humeral head Glenohumeral Glenohumeral Glenoid labrum
Scapula Glenoid fossa Coracohumeral Acromioclavicular AC disc
Clavicle Medial acromion Coracoacromial Sternoclavicular SC disc
Sternum Lateral clavicle Transverse humeral Cervical apophyseal Bursae
Ribs Medial clavicle Coracoclavicular Synovial lining
Cervical vertebrae Sternum Costoclavicular Mechanoreceptors

Cervical facets Transverse scapular

AC, Acromioclavicular; SC, sternoclavicular.

Connective tissue proper

CONNECTIVE TISSUE

Loose Dense

Regular Irregular

Tendon
Ligament

Aponeuroses
Joint capsules

Specialized connective tissue

Unique properties Unique structure

Adipose
Elastic
Mucous

Hematopoietic

Bone
Cartilage

Figure 1-2. Schematic diagram of the principal types of connective tissues. (From Porterfield JA,
DeRosa C: Mechanical low back pain: perspectives in functional anatomy, ed 2, Philadelphia, 1998, WB
Saunders.)
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ized physical properties. Two examples are bone and
articular cartilage. The cellular and intercellular
makeup of these two specialized connective tissues, as
well as their physiology, are unique when compared
with other forms of connective tissue. Despite such
specialization, the general makeup remains similar to
the general organizational scheme of tissues within
the connective tissue proper, namely cells and an
intercellular matrix composed of fibers and ground
substance.

The distinguishing characteristics of the connective
tissue are the result of distinct types of cells located
within the specific tissues. These cells in turn synthe-
size the biochemical composition of the intercellular
matrix. Although connective tissue cells are derived
from the common mesenchyme precursor cell, that
mesenchyme cell ultimately is differentiated into sev-
eral cell types including the fibroblast, chondroblast,
and osteoblast. These cells then become responsible
for synthesizing the precursors of the fiber framework,
as well as the molecules that form the matrix for the
fibers and cells.

The capacity of connective tissue to resist different
stresses such as compression, tension, and shear is due
to the properties of its fibers and ground substance
and the interaction between the two. For example, the
resiliency and deformability of the articular cartilage
of the humeral head and glenoid fossa, the structural
rigidity of the scapula, clavicle, and humerus, and the
ability of the glenohumeral ligaments and joint cap-
sule to yield are all dependent on the specific types,
proportions, and aggregations of glycosaminoglycans
and proteins that form the ground substance of their
specific connective tissue and the type, quantity, link-
ages, and orientation of intercellular fibers located
within the matrix. In order to better understand the
role of the matrix, we will look more closely at the
key intercellular components: collagen fibers and
glycosaminoglycans.

Intercellular Components
of Connective Tissue

There are three basic types of fiber seen in the
various connective tissues: collagen, which consti-
tutes the majority of connective tissue fibers, elastic
fiber, and reticulin fiber. Collagen, being the most
abundant, is further classified into subtypes.18

Tendons and ligaments—the tissues most often
affected with shoulder disorders—are primarily com-

posed of Type I collagen. Collagen typically makes
up approximately 80% of the dry weight of connec-
tive tissue and is the only component of tendons, lig-
aments, or joint capsules resistant to tensile stresses.
Such resistance to tensile stresses is an extremely
important consideration for the shoulder since tensile
stresses to the joint capsule and ligaments from repet-
itive motions or forced movement and eccentric
loading of the rotator cuff tendons are among the
more common etiologies for several of the mechani-
cal disorders of the shoulder.3

The fundamental building block for collagen, which
is synthesized by the fibroblast, is the tropocollagen
molecule. A collagen precursor molecule is actually
synthesized within the fibroblast cell and then secreted
into the intercellular medium as tropocollagen.
Tropocollagen consists of three polypeptide chains
that are wound around one another in a helix and
held together via cross-links through hydrogen bond-
ing (Figure 1-3). As the building block of a tropocolla-
gen molecule is added to other tropocollagen
molecules end-to-end (in series) or side-by-side (in par-
allel), the collagen fiber begins to assume its shape (i.e.,
it begins to form the ligament, tendon, capsule, or
other identifiable structure). Its orientation and bond-
ing is directed, in part, by the stresses to which the cells
and tissues are subjected. Tropocollagen molecules are
held together in the formation of collagen fibers by
strong covalent bonds. Because tropocollagen consists
of polypeptide chains, collagen is essentially organized
strands of protein molecules.

The second important class of chemicals that make
up connective tissue is the glycosaminoglycans
(GAGs), which also are produced by the fibroblasts.
GAGs are chains of polysaccharides with repeating
units: each unit is composed of a sugar molecule and
a sugar with amine molecule (Figure 1-4). The num-
ber of repeating units (sugar amine and sugar) ulti-
mately determines the length of the GAGs. Even
though GAGs do not constitute as large a propor-
tion of the dry weight of connective tissue as the col-
lagen fiber, their importance lies in their affinity for
water.

The final molecule to consider in a study of con-
nective tissue is the proteoglycan. These large mole-
cules consist of many GAGs linked to proteins. Several
GAGs become linked to a core protein, which then
forms a proteoglycan unit. In turn, a group of proteo-
glycan units can be linked together via hyaluronic acid
to form a proteoglycan aggregate. The linkage of pro-
teoglycan units through hyaluronic acid, for example,
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provides the basis on which articular cartilage begins
to assume its mechanical properties.

It is important to appreciate the physical structure
of proteoglycan units and aggregates. The aggregates
are twisted in various patterns resembling a fine mesh.
The physical structure of the mesh, in combination
with the electrical binding affinity of the proteoglycan
to water, forms a structure that attracts and absorbs
water and keeps it physically attached to the proteo-
glycan aggregates (Figure 1-5). This gives connective
tissues with large concentrations of proteoglycan
aggregates larger water content, such as occurs in
articular cartilage, whereas a connective tissue with
smaller proteoglycan content, such as a tendon, does
not have the same quantity of water. Since different
proteoglycans have different electrical charges, some
are more adept at binding water than others. The loss
of water from the various connective tissues as a result
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Figure 1-3. In the structure of collagen, the fundamental unit is tropocollagen, which consists of
three separate polypeptide chains wound together in a helix.
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Figure 1-4. Repeating units of glycosaminoglycans
appear as long chains of polysaccharides formed by a
repeated sequence of a sugar molecule and a sugar with
amine molecule.
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Figure 1-5. The convoluted shape of the proteoglycan
aggregate, coupled with its affinity to water as a result of
its electrical charge, makes it strongly attractive to the
water molecule.
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of aging is due in part to two different factors associ-
ated with proteoglycans: a decrease in the absolute
number of proteoglycans, as well as a changing propor-
tion of the individual types of proteoglycans. As we
age, different proteoglycans are no longer synthesized,
which results in changes in number and proportion
within the tissue.

While all of the features of the individual compo-
nents of connective tissue contribute to its strength,
one of the major factors is the ability of collagen and
proteoglycan to bond together. This bonding gives
connective tissue its ability to attenuate the various
stresses it is subjected to, including compression,
tension, and shear.

Basic Biomechanics 
of the Connective Tissues

The differences among the several types of connec-
tive tissue allow each to respond to stress in a different
way. For example, the way in which bone responds to
compressive loads is dissimilar to how tendons
respond. Likewise, a tensile stress applied to ligaments
will be modified in a different way than a tensile stress
applied to articular cartilage.

The following discussion has significant clinical
implications because there is often great attention to
flexibility and range-of-motion exercises for many
problems associated with the upper quarter. For exam-
ple, a tight glenohumeral joint capsule that limits
external rotation is going to have a significant impact
on an individual’s ability to raise his arm completely
overhead. Quite simply, full elevation of the arm is
dependent on achieving full external rotation of the
glenohumeral joint. This is even more problematic in
the glenohumeral joint because the rotator cuff ten-
dons are intimately blended with the capsular tissue,
so in essence the joint is a composite of ligamentous
(glenohumeral ligaments), capsular (glenohumeral
joint capsule), and tendinous (rotator cuff tendons) tis-
sue (see Chapter 4). This begs the question, “Can a
patient stretch a contracted, tight joint capsule in this
instance?”

Much of the clinician’s ability to actually modify
connective tissue is dependent on several factors.
These factors include the type of tissue, age of the
tissue, thickness of the tissue, time since injury of the
tissue, and inflammatory versus scarred condition of
the tissue. You must recognize these factors because it
is their various combinations that ultimately deter-

mine whether or not the connective tissue structures
can, in fact, be stretched to a new resting position.
Obviously, there are fundamental properties of con-
nective tissues that ultimately influence and direct
treatment approaches. Understanding the basic bio-
mechanics involved will help you consider their impli-
cations in the evaluation and treatment process.

Stress and Strain on Connective
Tissue

Clinical treatment protocols often include stretch-
ing maneuvers or techniques that are designed to elon-
gate the nonosseous connective tissues. By definition,
the force, which the clinician directs toward the tissue,
is referred to as a stress, and the magnitude of the
deformation that occurs as a result of the elongation
force is known as the strain. Strain is thus measured as
a length of change (in millimeters or inches) or as a
percentage change from the initial length of the tissue.
A tissue can deform if it is squeezed together (a com-
pression strain) or if it is elongated (a tension strain).

The normal resting state of the collagen fiber is
such that the individual collagen fibers have a wavy
appearance (Figure 1-6). This characteristic of the col-
lagen fiber is referred to as its crimp.17 When a stress is
applied to the collagen fiber in a direction parallel to
the fiber orientation, the undulations are first taken
out of the fiber (crimp is removed) and slight elonga-
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Figure 1-6. The wavy shape of the collagen fiber, the
so-called “crimp” of the fiber, allows it to be slightly
lengthened when an elongation force is applied.
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tion occurs. Therefore the general “give” or elastic
spring of the connective tissue that occurs as the joint
is moved passively toward the endranges is responsible
for this removal of crimp. Very little force is required
by the examiner to remove the undulations from the
collagen fiber because no chemical or electrical bonds
have to be cleaved.

When the undulations of the resting collagen
fiber are removed and the elongation force contin-
ues to be applied, the collagen fiber resists the force
because of the bonding of the individual elements,
specifically the linkage between the tropocollagen
and the collagen fiber strands. As compared with the
magnitude of force needed to remove crimp, the
magnitude of force to induce strain in the collagen
fiber without crimp is much greater because at this
moment, the force is attempting to overcome the
bonding of the connective tissue elements. Because
the ligaments and joint capsules consist primarily of
collagen fibers, the stress-strain curve for an individ-
ual collagen fiber is very similar to the stress-strain
curve of the ligaments albeit with a few differences
(Figure 1-7).34,35

As we just noted, the stress first removes the crimp
from the collagen fiber and then greater energy is
required to elongate the fiber because chemical and

electrical bonds must be broken. When these bonds
are broken, the fiber is less resistant to opposing the
force and the stress results in a greater strain until the
fiber fails completely. Capsules and ligaments are
large, thick sheets of connective tissue, so in addition
to the effect of the stress at the individual collagen
fiber level, the stress will also cause the reorganization
of the fibers as they attempt to align themselves in the
direction of the stress. Once again, such reorganiza-
tion would require that bonds be broken and thus
energy is required.

You can also visualize that the reorganization of
fibers that results from the elongation force squeezes
the fibers together and water is expressed out from the
molecule—again, a breaking of the chemical bonds
that hold water (Figure 1-8). The breaking of chemi-
cal bonds that results in strain is a key point, because
very often clinicians think of strain in terms of rupture
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Figure 1-7. The stress-strain curve for ligaments is very
similar to the stress-strain curve of collagen. First the
stress removes the crimp from the collagen fiber, then
increased energy is required to elongate the fiber because
chemical and electrical bonds must be broken. When
these bonds are broken, the fiber loses resistance and
additional stress results in greater strain until the fiber
fails completely. (From Porterfield JA, DeRosa C:
Mechanical low back pain: perspectives in functional anatomy, ed
2, Philadelphia, 1998, WB Saunders.)
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Figure 1-8. The collagen framework of large connec-
tive tissue structures such as joint capsules and ligaments
is made up of closely approximated individual fibers.
When elongation stresses are applied, the response is to
squeeze out water.
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of the collagen molecule itself, which is not quite
accurate.25

One can see then that once the bonds between
tropocollagen and the filaments of the collagen have
been broken, it takes only minimal force (applied
stress) to further disrupt the collagen matrix. This is
part of the rationale for manipulation under anesthe-
sia for the glenohumeral joint capsule that is rigor-
ously adhered and tight. The manipulative thrust in
this case is designed to break the chemical and electri-
cal bonds in order to decrease the resistance to
motion. Once those bonds are broken, the clinician
must work with the tissue continuously and prudently
in order to be sure that the healing process results in
an elongated, more elastic scar that allows the maxi-
mal amount of glenohumeral motion to be achieved.
This is achieved only if the tropocollagen framework
begins to align itself along the natural lines of elonga-
tion stress.

In summary, an applied elongation stress has the
potential to initiate a cascade of events. These include
removal of crimp, breaking of bonds to separate
tropocollagen molecules from collagen filaments, reor-
ganization of the collagen fiber orientation, and the
expression of water from the framework, nearly all as
a result of breaking chemical and electrical bonds.

Within this cascade, approximately how much elon-
gation can occur before bonds actually become bro-
ken? This is a difficult question because current
research has been done with very specific but
markedly different tissue such as ligament and tendon.
Therefore determining a universal failing point is very
difficult because such a failing point is dependent on
factors including the rate at which the stress is applied
and the cross-sectional area of the tissue. Generally
stresses applied that result in a strain increasing tissue
length by 1.5% to 3% are considered to be within the
physiological limits of the tissue. Some mechanical
failure is assumed to occur once the strain begins to
surpass the 3% increase.44,52

Biomechanics of Connective Tissue
Under Repetitive Loading

While a discussion focused on the application of a
single stress that might exert strain above and beyond
the physiological loading capacity of the connective
tissue might be applicable to a one-time impact injury
such as forced external rotation resulting in dislocation
of the glenohumeral joint, it is also important to con-
sider the effects of repetitive loading on connective

tissue. Many mechanical shoulder disorders are the
result of such cumulative stresses. This was alluded
to previously when we reviewed the increased rate
of shoulder disorders resulting from workplace move-
ment requirements. It is also obvious that the repeti-
tive motions used by the swimmer, thrower, and
musician are more akin to overload of the connective
tissues via submaximal cumulative stresses than single-
impact loading conditions.

The structural integrity and function of the shoul-
der complex depends largely on the ability of the mus-
culoskeletal system to respond to repetitive loading.
Because of the high degree of mobility found within
nearly all components of the shoulder complex (e.g.,
the glenohumeral, acromioclavicular, and sternocla-
vicular joints and the scapulothoracic articulation)
repetitive loading takes on great importance and can
result in negative or positive consequences. It is not
just the injury process that warrants the study of the
influence of repetitive motion on injured tissue.
Controlled loads can also accelerate the repair of damaged
connective tissues, just as uncontrolled loading has the
potential to inhibit further healing.7

In order to maintain optimal health of connective
tissue, repetitive loading must be of a particular inten-
sity, frequency, and range. If repetitive loading falls
below or exceeds the optimal range, the various cells
of the connective tissues begin to alter the intercellu-
lar framework.19,49 Cells of the different connective
tissues (fibroblast, chondroblast, osteoblast) interpret
the signals related to the patterns of tissue loading and
respond by redirecting the organization of the inter-
cellular matrix. Unfortunately, the precise optimal
physiological dose necessary to stimulate the various
connective tissues is largely unknown and is difficult to
predict because the dosage variability is influenced by
multiple diverse factors such as age, endocrine factors,
genetics, and environmental stress.

In previous texts we have used a bell curve model to
illustrate the response of tissues to stress.40,41 When
the stress applied to tissues exceeds the physiological
capacity of the tissues, tissue damage occurs. Likewise,
when normal physiological loading of the tissue is
decreased or absent, the tissue weakens. Several fac-
tors can influence this load bearing tolerance of the
tissue, namely age, injury, and adaptive changes of
the tissues themselves (Figure 1-9).

This concept of a bell curve can also be used to
illustrate the principle of repetitive loading of the con-
nective tissue of the shoulder, which must accommo-
date the many repetitive cycles inherent in sport and
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work activity (Figure 1-10). When the loading cycles
fall below the level necessary to stimulate the connec-
tive tissue cells, synthesis of intercellular matrix falls
behind the process of tissue degradation and the tis-
sue becomes substantially weakened. Conversely,
increased rates of loading stimulate an adaptive cell
response, which increases synthesis of intracellular

matrix. If the loading intensity increases beyond the
capacity of the cellular adaptive response, however,
the tissue becomes damaged from overload.

The rehabilitation process is framed around this
concept of cellular response to stimulus. What is the
optimal dose of exercise? What is the optimal dose of
stretch? What is the optimal dose of rest? As simple as
these questions may seem, they are the essence of
rehabilitation program design. The intent of treat-
ments to the shoulder is focused on optimization of
the healing environment in order to restore anatomi-
cal relationships between the injured and noninjured
tissues, maintain the normal function of the nonin-
jured tissues, and prevent the patient from placing
excessive stress and strain on the injured tissues while
tissue strengthening treatment strategies are imple-
mented (see Chapter 6). Training programs should be
designed to progressively increase the frequency of
exercise in order to take advantage of the cellular
adaptive response. Changes can be expected to occur
in ligament, bone, tendon, and cartilage as a result of
the repetitive cyclic stress of exercise.5,16 Repetitive
loads that are applied to the tissues result in realign-
ment of the intercellular matrix, and the repetitive
stresses are transmitted to the cells of the tissue, result-
ing in further synthesis and alignment of the mole-
cules comprising the matrix.28,30 This is especially
valuable to consider in cases of rotator cuff or gleno-
humeral joint capsule repair. Tensile loading of the
repaired connective tissue results in the cells and col-
lagen framework aligning parallel to the line of the
applied tensile stresses, whereas the lack of applied
tension leaves a more disorganized cellular and matrix
environment.5,6 Controlled loading of the repaired
connective tissues also influences the rate of healing.
Repaired tendons that are treated with controlled
mobilization typically show significantly greater
strength at nearly every point along the healing time
frame than tendons that are left immobilized.21,54

Failure of Connective Tissue
to Adapt to Repetitive Stress
in the Rotator Cuff Tendon

The rotator cuff tendons provide a good example of
the continuum of tissue damage, beginning with
inflammation, progressing to degradation, and ending
in fiber disruption. In many sports conditioning pro-
grams, the rotator cuff muscles must work at a high
level both concentrically and eccentrically to control
glenohumeral motion, as well as maintain the head of
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Figure 1-9. The optimal loading zone of tissues of the
body can be changed as a result of age, injury, or adap-
tive change to the tissue.
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Figure 1-10. The concept of the optimal repetitive
loading zone is important to the understanding of the
potential for mechanical breakdown of the connective
tissues. When the loading cycles fall below the rate nec-
essary to maintain connective tissue integrity, synthesis of
intercellular matrix falls behind the process of tissue
degradation and the tissue becomes substantially weak-
ened. Increased rates of loading first result in an adaptive
cell response, which increases synthesis of intracellular
matrix. If the loading intensity increases beyond the
capacity of the cellular adaptive response, the tissue
becomes damaged from the overload.
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the humerus in the center of the glenoid fossa.
Inappropriate training programs can potentiate the
cascade of tissue injury events.19 Training programs
for many sports, such as swimming, throwing, tennis,
and weightlifting, include so many repetitive loading
cycles that the adaptive response of the fibroblasts
within the cuff tendons may not meet the demands
that are being imposed by the training program.

As might be expected, the initial changes that occur
are usually at a microscopic level. The tissue may look
macroscopically intact, but as discussed earlier, signifi-
cant disruption and damage to the molecular frame-
work of the cuff tendon matrix results in a markedly
weakened tissue. This abnormal rearrangement of the
molecular matrix results in a tendon that now can be
more easily damaged by low-level loads. It is impor-
tant to note that macromolecular reorientation can
weaken the tissue. And this weakened tendon may
rupture when subjected to an exceptionally high force,
for example, a strong eccentric contraction when try-
ing to throw at a maximum velocity, or attempting to
lift a heavy object with a rapid, jerking motion.11

In contrast, decreased loading of the rotator cuff
tendons is also damaging to the environment around
the tendons. The rotator cuff tendons, just like other
tendons, are subjected to tensile stresses through the
concentric and eccentric contractions of the cuff mus-
cles. When tissues that normally resist tensile stresses
are not subject to this stimulus, the degradation of the
intercellular matrix begins to exceed the synthesis of
new matrix. Furthermore, as new matrix is synthe-
sized, it is not oriented along lines of stress and is an
inherently weaker tissue. The cellular changes that
occur include a decrease in the amount and different
proportions of GAGs, an obligatory loss of water as a
result of GAG loss, and random orientation of the
collagen fibrils.9,56

DISORDERS OF THE SHOULDER
GIRDLE COMPLEX

In the preceding sections we attempted to provide a
basic understanding of the mechanics of the special-
ized connective tissues at both the cellular and macro-
scopic levels. It is important to remember from the
previous discussion that balance must be maintained
between physiological stresses that enhance the tissue’s
health and physiological stresses that potentially break
it down. Most of the mechanical disorders of the
shoulder discussed in this text are largely the result of

degenerative changes to or injury mechanisms in con-
nective tissue structures. Additionally, nonsurgical
management of such connective tissue injuries largely
focuses on the education of the patient, emphasizing
new biomechanical limits and exercise to enhance the
neuromuscular elements that are now required for
dynamic stabilization.

Because the shoulder complex encompasses several
joints and a number of key structures, an in-depth dis-
cussion regarding the epidemiology of shoulder dis-
orders is beyond the scope or intent of this book.
Instead, in the final section of this chapter we provide
an abridged review of several mechanical disorders of
the shoulder commonly seen in the clinic, which are
subsequently detailed in later chapters. The intent of
this condensed discussion is to encourage you to think
about both the impact that damage to these special-
ized connective tissues might have in regard to func-
tion and the objectives of treatment to restore
function. The overview will include a brief discussion
of the following topics:
● Injuries to the acromioclavicular joint
● Injuries to the sternoclavicular joint
● Fractures of the proximal humerus
● Instability of the glenohumeral joint
● Disorders of the rotator cuff
● Disorders of the biceps tendon
● Arthritis of the glenohumeral joint

Consider the functional anatomy presented in the
following chapters in the context of these mechanical
disorders. We hope you will gain an appreciation of
the diversity of structures potentially responsible for
mechanical shoulder pain while being able to visit
and revisit the clinical anatomy through the text
and the accompanying DVD. Together, the text and
DVD present a comprehensive view of the alteration
in function that might occur as a result of these
disorders.

Injuries to the Acromioclavicular
Joint

We present a detailed view of the anatomy and
mechanics of this joint in Chapter 4. As this anatomy
is reviewed, consider how trauma to the point of the
shoulder could displace the scapula and tear the sup-
porting ligaments. When such trauma occurs, the nor-
mal contour of the shoulder is lost as the upper
extremity sags downward (Figure 1-11).
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In some shoulder conditions, especially after acute
injuries to the acromioclavicular joint region or as a
result of repeated stress to the shoulder, the distal end
of the clavicle can undergo demineralization and
bony erosion.32

Finally, when you review the joint and understand
its synovial joint characteristics, you can easily appre-
ciate how degenerative joint disease may develop
insidiously or as a sequelae to repair of the acromio-

clavicular joint. When reviewing the anatomy, note
also the relationship of the deltoid origins and trapez-
ius insertions over the distal third of the clavicle and
the potential for soft tissue to become wedged between
the articulating surfaces of the joint.

Injuries to the Sternoclavicular
Joint

We discuss the mobility and stability of the ster-
noclavicular joint, the articulation that literally sus-
pends the upper extremity from the sternum, in
Chapter 4. The most common causes of sternoclavic-
ular joint injuries are motor vehicle accidents and
sports injuries, suggesting that trauma is a primary
mechanism of injury.37 Posterior dislocations are of
special concern because of the relationship of the
medial end of the sternum to the major blood vessels
and visceral structures such as the trachea and esoph-
agus in the neck (Figure 1-12). Injuries include mild
ligamentous sprains, subluxations, dislocations, and
arthritic degeneration of the articulating partners of
the joint.

Finally, the epiphysis on the medial end of the clav-
icle is the last epiphysis in the body to be seen on radio-
graphs and it is the last to close. This epiphysis closes
approximately between the ages of 23 and 26, and so
as you review the anatomy of this region, you need
to remember that subluxations or dislocations may
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Figure 1-11. The normal contour of the shoulder can
be changed as a result of downward force that displaces
the scapula.
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Figure 1-12. A cross section of the thorax
shows the relationship of the medial end of the
clavicle to the great vessels of the neck, tra-
chea, and esophagus.
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not in fact be sternoclavicular joint injuries, but rather
epiphyseal plate injuries.51

Fractures of the Proximal Humerus

While studying the anatomy of the shoulder, it is
important to keep in mind the different regions of
proximal humerus, including its anatomical neck, epi-
physeal line, and surgical neck (Figure 1-13). Note the
attachments of the joint capsule and capsular liga-
ments (see Chapter 4), course of the peripheral nerves
of the brachial plexus, especially the axillary nerve, in
relation to this region (see Chapter 2), attachments of
the rotator cuff and course of the long head of the
biceps tendon (see Chapter 3), and course of the axil-
lary artery (see Chapter 2). Injuries to the proximal
humerus and these associated tissues have the poten-
tial to result in significant impairment with the conse-
quence of disability.

Fractures of the proximal humerus are the most
common fractures associated with the humerus.43 In
most cases these fractures occur as a result of falls and
are a special concern in older adults since minimal
trauma is needed to result in fracture in the presence
of osteoporosis. Indeed, the incidence of proximal
humeral fractures markedly increases in adults over
40 years of age. A careful review of the structures
associated with this region provides us with a three-
dimensional appreciation of its anatomy and the

implications for evaluation of the extremity and post-
fracture management.

Instability of the Glenohumeral
Joint

While the unstable nature of the glenohumeral
joint has long been discussed, it is only recently that
the subtleties and complexities of that instability, espe-
cially those multidirectional in nature, have become
understood (see Chapter 4). The functions of different
portions of the capsule and the capsular ligaments act-
ing as passive restraints have been coupled with a bet-
ter understanding of the unique role of the rotator
cuff (see Chapter 3) acting as an active restraint.
These two features now are linked to our increased
understanding of how afferent sensory input from the
capsular and muscle tissues ultimately dictates motor
output to the support muscles of the shoulder.
Furthermore, we have a better understanding of the
contribution of the scapulothoracic interface to main-
tenance of glenohumeral stability. Successful evalua-
tion and treatment of glenohumeral joint instability
relies on an integration of the neurologic, connective
tissue, and exercise sciences.

You should especially consider the orientation of the
connective tissue framework of the capsule and gleno-
humeral ligaments and the intimate blending of the
cuff tendons and the capsule when reviewing shoulder
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anatomy. As pointed out in this chapter, once the con-
nective tissue matrix has been compromised (break-
down of the cellular bonding of the connective
tissues), static restraints cannot check aberrational
motions. Trivial forces may result in abnormal trans-
lations. It is at this point that exercise training of the
neuromotor system becomes the key nonsurgical man-
agement option. Elements of exercise training are
reviewed in Chapters 2, 3, and 6.

Disorders of the Rotator Cuff 

An extremely wide range of rotator cuff disorders
exists, from uncomplicated inflammatory conditions
to full thickness tears. In addition, age-related
changes of the cuff tendons and weakness of the
rotator cuff markedly affect both glenohumeral sta-
bility and shoulder function. It is important to care-
fully study the cuff anatomy as presented in this text.
The fiber orientation, muscle cross section, and rela-
tionships to the fascial elements are of considerable
importance.

It also is helpful to visualize the intimate relation-
ship that the cuff tendons have with the coracoacro-
mial arch and how motion of the humerus results in a
gliding of the cuff tendons under this arch (Figure 1-14)
(see Chapter 4). There are numerous exercises for the
shoulder, but many can compromise the cuff tendons
by subjecting them to excessive compression, shear, or
tension. You must consider the health and overall
integrity of the rotator cuff tendons when prescribing
exercises; you need to envision the different stresses
that are placed on the tendons with any shoulder exer-
cise (see Chapters 3 and 6).

Disorders of the Biceps Tendon

The two heads of the biceps tendon are unique in
their relationship to other shoulder structures. For
example, carefully note how the short head of the
biceps contributes to the anterior aspect of the cora-
coacromial arch (see Chapter 4). By comparison, also
follow the relatively complex course of the long head
of the biceps tendon. The long head is of great clin-
ical importance and a prime culprit in impingement
conditions. When studying the long head of the
biceps, follow the tendon superiorly over the proxi-
mal shaft and head of the humerus, through the cap-
sule and into the glenoid labrum, and observe its

unique position between the supraspinatus and sub-
scapularis muscle attachments. This position places it
immediately deep to the coracohumeral ligament,
the portion of the capsule referred to as the rotator
interval, and the superior glenohumeral ligament
(Figure 1-15).

In reality, the long head of the biceps tendon pre-
sents as two different tendinous components: a more
fibrous component of the tendon in the region of the
bicipital groove that reduces the shear stress as the
groove slides back and forth under the tendon, and a
more typical tendinous component designed to dissi-
pate the tension associated with its attachment to the
glenoid labrum and supraglenoid tubercle. Disorders
of the tendon are variable and include uncompli-
cated tendonitis, tenosynovitis (inflammation of the
sheath covering the biceps tendon), mechanical com-
promise of the tendon under the arch, and tendon
rupture. Review the anatomy of the biceps tendon
presented here in the context of both painful syn-
dromes and the potential loss of stability as a result
of tendon compromise.
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Figure 1-14. The rotator cuff tendons blend intimately
with the joint capsule, and this tissue blending is in close
relationship with the undersurface of the coracoacromial
arch.
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Arthritis of the Glenohumeral Joint

Articular cartilage is a highly specialized class of
connective tissue with very high tensile strength and
resistance to compressive and shearing forces. At the
same time, it possesses some resilience and elasticity.
The surface of articular cartilage is extremely smooth
and relatively wear resistant, and when combined with
synovial fluid, it provides an exceptionally low coeffi-
cient of friction between articulating surfaces. As seen
in the other classes of connective tissue, it is the
arrangement and types of specific proteoglycans, col-
lagens, and cells, in association with water, that deter-
mine the properties of cartilage. A change in one of
the structural components will alter articular cartilage
function and thus its capacity to accept the various
stresses placed on it.

Proteoglycans contribute between 30% and 35% of
the dry weight of cartilage31 and form the major
macromolecule of the cartilage ground substance.
The type of proteoglycans and the manner in which
they are aggregated are important to the structural

rigidity of the extracellular matrix. In addition, the
viscoelastic properties of cartilage depend on the
concentration of proteoglycans in solution.54

There is now good evidence that the structure and
composition of the proteoglycans in articular cartilage
change with age.8 Because proteoglycans are impor-
tant for maintaining cartilage stiffness, especially in
regard to compression, and also contribute to the
resilience of cartilage, an alteration in proteoglycan
composition reduces these qualities.24 This in turn
alters the biomechanics of articular cartilage. It is the
cyclic loading and unloading of the synovial joints that
squeezes water out of and back into the cartilage,
whereas the removal of pressure rehydrates it.22

This rehydration phenomenon contributes to car-
tilage nutrition due to fluid changeover. Although carti-
lage is described as an avascular structure, this is not
entirely correct. What is actually meant is that the chon-
drocytes are located at a greater distance from the circu-
lation as compared with other tissues.53 Because of this
vascular limitation, the contribution by rehydration is
important in maintaining the health of the chondrocyte.

The degenerative changes associated with the artic-
ular cartilage affect its smoothness of movement and
result in the loss of stability of the glenohumeral joint
(see Chapter 4). Degeneration of articular cartilage in
the humeral head typically manifests as central
denudation surrounded by a rim of peripheral carti-
lage and osteophytes. As a result of these cartilaginous
changes, the head of the humerus looks flat on radio-
graphs and cartilage debris can often be found within
the capsular recesses (Figure 1-16). The more com-
mon anatomical findings associated with degenerative
joint disease of the glenohumeral joint are contracture
of the anterior aspect of the capsule, posterior gleno-
humeral subluxation, and central and posterior wear
of the articular cartilage of the humeral head.12 Table
1-2 lists a number of the important anatomical
changes in the tissue associated with the glenohumeral
joint as a result of degenerative joint disease. As you
review the anatomy of the glenohumeral joint in this
text, give special consideration to the alteration in
function that might result as a consequence of articu-
lar cartilage degeneration.

SUMMARY

We have briefly reviewed the science of connective
tissues and suggested how age, injury, and adaptive
change alter the capacity of specialized connective
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Rotator
interval

Figure 1-15. The long head of the biceps tendon is a
unique structure. Note how the biceps tendon travels
over the head of the humerus between the subscapularis
and the supraspinatus tendons. These tissues lie inferior
to the coracohumeral ligament. This area is referred to
as the rotator interval.

W9272-01.qxd  8/25/03  2:09 PM  Page 18



tissue to tolerate the various stresses on the shoulder.
Once the integrity of a specialized connective tissue is
compromised, that tissue does not regenerate but
instead goes through a repair process, which leaves it
less able to tolerate stress. The integrity of the con-
nective tissue, coupled with the exquisite functioning
of neuromotor elements, allows the shoulder to meet
the demands of mobility while simultaneously remain-
ing stable. In the subsequent chapters we discuss the
various aspects of functional shoulder anatomy in
detail in order to provide an understanding about how
the shoulder meets these conflicting demands of
mobility and stability. We present a working knowl-
edge of the anatomy of the region, coupled with an
understanding of the expected responses of tissue to
injury, which is the basis for a logical progression of
evaluation and treatment including the formulation of
an exercise prescription.
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INTRODUCTION

Mechanical stresses and loads potentially can injure
specialized connective tissues of the shoulder (see
Chapter 4). The pain felt at the shoulder as a result of
mechanical stresses is often due to the physical distortion
of nociceptors that lie within these tissues or is a conse-
quence of chemical activation of the resident nocicep-
tive free nerve endings that are depolarized as a result of
damage to the cell walls of the tissues. Nociceptors are
the biological transducers that convert physical and
chemical energy stimuli into action potentials.

In addition to injury to the specialized connective
tissues or damage to the musculotendinous tissues,
pain felt within the shoulder may be caused by several
other neuroanatomical or neurophysiological factors.
These include nerve root irritation of nociceptors that
lie within these tissue. It may also be a consequence of
chemical activation of the resident degenerative joint
disease or spondylosis of the cervical spine, compro-
mise to the brachial plexus along its path through the

axilla, and damage or irritation to the peripheral
nerves that supply the various tissues of the region.

In addition to their potential for shoulder pain,
nerve root disorders or peripheral nerve injuries are
especially complex because these disorders typically
change the function of the shoulder. Altered neural
input to and from the shoulder girdle as a conse-
quence of nerve root compromise results in abnormal
osteokinematics of the humerus on the glenoid,
scapula on the clavicle, clavicle on the sternum, or
scapula on the thoracic cage. These altered movement
patterns further compromise the various innervated
tissues of the shoulder region, which results in other
tissue sources of pain, potentially confounding the
findings in the shoulder examination.

In this chapter we want to provide the reader with an
understanding of the relationships between the different
components of the nervous system relative to the shoul-
der rather than provide an exhaustive review of the neu-
roanatomy and neurophysiology of the upper quarter.
Our intent is to discuss the neuroanatomical and neuro-
physiological implications in a practical, clinical sense.
We cover the conditions that refer pain to the shoulder,
analyze the peripheral nerves that are key to supplying
the shoulder complex and their associated clinical con-
ditions, and finally, explore the integrated role of the
sensory and motor systems as both relate to shoulder
function and the establishment of treatment regimens
for shoulder disorders. Restriction of function, which in

CHAPTER 2
NEUROANATOMICAL 
AND NEUROMECHANICAL
ASPECTS OF THE SHOULDER
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reality is neural driven, is the primary reason to treat
painful disorders of the shoulder.

In the following sections we discuss shoulder pain
that might be due to pathology associated with the
cervical spine first. After that we detail the anatomy
and clinical implications of the peripheral nerves.
Finally, we explain sensorimotor integration as it
relates to shoulder function and intervention.

THE CERVICAL SPINE
AND SHOULDER PAIN

We limit the involvement of the cervical spine rela-
tive to shoulder disorders to two clinical syndromes:
pain and dysfunction as a result of the mechanical or
chemical irritation of the cervical nerve root, and
referred pain from the musculoskeletal tissues of the
cervical spine itself. The cervical nerve roots extend
from the cervical spinal cord via a series of nerve
rootlets (Figure 2-1). The dorsal root is primarily affer-
ent (transmitting information toward the spinal cord),
whereas the ventral root is primarily efferent (trans-
mitting information from the spinal cord toward the
periphery). Consequently, the dorsal root is considered
the sensory nerve root, whereas the ventral root is con-
sidered the motor nerve root. The sensory nerve roots
of the cervical spine are relatively large and feature an
extensive array of nerve rootlets because of the

breadth of the receptor system associated with the
upper extremity.

The nerve roots are invested with pia mater, bathed
in cerebrospinal fluid, and covered by the arachnoid
and dura mater. At approximately the region of the
intervertebral foramen, the nerve roots merge to form
a very short spinal nerve, after which the spinal nerve
immediately breaks into two branches—the dorsal
ramus and the ventral ramus (Figure 2-2).

The dorsal ramus branches over the posterior
aspect of the neck, supplying the deep muscles of the
cervical spine and the skin. The ventral ramus arises
from several cervical and thoracic segments and ulti-
mately merges with the dorsal ramus to form the prox-
imal components of the brachial plexus. The brachial
plexus is therefore the primary nerve source for the
shoulder and upper extremity. It carries both motor
and sensory supply to and from the tissues respectively.
We will focus on the nerve roots here because they
potentially relate to shoulder pain and will discuss the
brachial plexus in detail later in the chapter.

The dorsal roots of the cervical and upper thoracic
spinal cord levels are responsible for specific regions of
the skin (dermatomes), bones (sclerotomes), and muscles
(myotomes). The areas of skin innervated by peripheral
cutaneous nerves are supplied by the axons stemming
from specific cervical and upper thoracic nerve roots,
and the representation of these root segments on the
skin can be reasonably mapped (Figure 2-3). Note that
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roots for each cervical segment.

DVD

W9272-02.qxd  8/25/03  2:19 PM  Page 22



NEUROANATOMICAL AND NEUROMECHANICAL ASPECTS OF THE SHOULDER 23

DVD

Dura
mater

Dorsal
root
ganglion

Ventral
ramus

Dorsal
ramus

Ventral
nerve
rootlets

SPINAL CORD

Figure 2-2. The dorsal and ventral
nerve roots come together to form the
spinal nerve, and almost immediately the
spinal nerve divides into its two compo-
nents: the posterior primary ramus and
the ventral primary ramus. 

C3
C2

C4

C5 C5

C6 C6

C7 C7
C8C8

C8
C6

T2
T3
T4
T5

T6

T7

T1
T1

T2 T2

C3

C4
C5
C6

T3
T2 T2

T2T2

T1 T1

C5 C5
T4
T5
T6
T7

C7 C8 C6
C7
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as the dermatomal distribution of the nerve roots around the shoulder.
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in regard to sensory supply, the nerve roots represented
in the immediate shoulder region are primarily C4, C5,
and C6. The fourth cervical nerve root (C4) is typically
limited in distribution to the top of the shoulder (the
area surrounding the acromioclavicular joint), whereas
the fifth and sixth cervical nerve roots supply the major-
ity of the shoulder area. In addition, the first thoracic
dorsal nerve root (T1) is represented in the upper medial
aspect of the arm and the axilla. The T1 ventral root is
unique because it carries the first spinal cord level of the
preganglionic neurons associated with the sympathetic
nervous system. After these preganglionic neurons com-
municate with the sympathetic chain, located immedi-
ately adjacent to the spinal nerve, the ventral and dorsal
rami of T1 then carry the postganglionic neurons
peripherally to the smooth muscle, cardiac muscle, and
glands of the upper extremity and face (Figure 2-4).

In the neck, the most common level of nerve root
involvement is the middle and lower cervical spine—the
C4-C5, C5-C6, and C6-C7 spinal segments. These cer-
vical vertebral levels typically show earlier degenerative
changes than the other regions of the cervical spine. The

fifth cervical nerve root (C5) exits between the fourth
and fifth cervical vertebrae, whereas the sixth cervical
nerve root (C6) exits between the fifth and sixth cervical
vertebrae (Figure 2-5). It is primarily these two nerve
roots (C5 and C6) that are represented in and around
the shoulder girdle. These nerve roots are responsible for
the largest portion of the sensory feedback from the
shoulder to the central nervous system (CNS) and the
majority of motor supply to the shoulder musculature.

While several pathoanatomical changes in the cervi-
cal spine can compromise the nerve roots, the two most
common are intervertebral disc pathology and degen-
erative joint disease of the apophyseal joints. Because
degenerative changes of the disc and the joints are
often related to age, it is important that the clinician
rule out cervical nerve root involvement in the middle-
age or older adult patient who presents with shoulder
pain. In such patients a nerve root screen is an essential
component of the shoulder evaluation (Table 2-1).

A differential diagnosis may be made based on sev-
eral features of nerve root pain. The quality of nerve
root pain is different from pain from other tissues about
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the shoulder, typically being sharper, more highly local-
ized, and very disconcerting to the patient. The pain is
felt deep throughout the upper extremity, usually in a
clearly demarcated zone. Oftentimes the patient pres-
ents with shoulder and neck pain, but the extremity
pain is typically more distressing than the pain in the
cervical spine. The presence of proximal pain and dis-
tal paresthesias in the upper extremity is another hall-
mark of nerve root involvement. For example, C5
nerve root involvement is often manifested by upper
arm and shoulder pain and elbow paresthesias.

Irritation of the C6 nerve root is associated with pain
toward the anterior elbow and paresthesias over the
radial aspect of the forearm and thumb.

Whereas nerve root irritation may be related to pain
within the shoulder region, nerve root compression is a
more significant disruption of sensory or motor axon
function and as such may alter sensation throughout the
shoulder region or result in motor changes. Such motor
changes are manifested as weakness, atrophy, or altered
reflexes. Table 2-2 lists the nerve root segments that are
typically represented in the key muscles associated with
the shoulder. Note the large distribution of the fifth and
sixth cervical nerve roots throughout the musculature of
the shoulder. When assessing the integrity of the C5
and C6 nerve roots, testing the muscles is an important
part of the clinical examination, especially the shoulder
abductors, shoulder external rotators, and the biceps
brachii. Reflex testing of the biceps also provides data
regarding the status of the nerve roots. Involvement of
the C7 nerve root does not typically cause shoulder
pain, but if suspected, is best assessed through muscle
testing the triceps brachii and its reflex.

The second example of cervical spine involvement
that can lead to shoulder pain is referred pain from
non–nerve root structures such as the cervical apophy-
seal joints and the soft tissues related to the cervical
spine. Referred pain from the cervical spine to the
shoulder is another clinical manifestation that must be
considered in the examination of the patients present-
ing with shoulder pain. The neuroanatomical pathway
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Figure 2-5. Spinal nerves are named for the junction
points where the ventral and dorsal roots merge in the
cervical spine.

Table 2-1. Elements of the Nerve Root
Screen for the Patient Presenting

With Shoulder Pain

1. Quadrant testing of neck: Does this cause radiation into the
arm?

2. Foraminal compression test (Spurling’s test)
3. Reflex testing of the upper extremity

a. Biceps: C5
b. Brachioradialis: C6
c. Triceps: C7

4. Muscle testing
a. Shoulder abduction: C5
b. Elbow flexion: C6
c. Elbow extension: C7
d. DIP thumb extension: C8
e. Abduction-adduction of fingers: T1

Table 2-2. Nerve Root Supply to Muscles
of the Shoulder

Muscles Nerve Roots
Pectoralis major C5, C6, C7, C8, T1
Pectoralis minor C7, C8, T1
Deltoid C5, C6
Supraspinatus C5, C6
Infraspinatus C5, C6
Teres minor C5, C6
Subscapularis C5, C6
Trapezius XI, C3, C4
Serratus anterior C5, C6, C7
Latissimus dorsi C6, C7, C8
Teres major C5, C6
Levator scapulae C3, C4
Rhomboid major C5
Rhomboid minor C5
Coracobrachialis C5, C6, C7
Biceps brachii C5, C6
Triceps brachii C6, C7, C8
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for referred pain is difficult to precisely define. Cyriax
describes referred pain as “pain felt elsewhere than at
its true site.”7 Although this definition is adequate as a
working clinical description, it only describes the phe-
nomenon as perceived by the patient and observed by
the clinician. It is not a neurophysiological description.

The CNS, rather than the peripheral nervous sys-
tem, is largely responsible for the manifestation and
interpretation of referred pain. As stated by Grieve,
“pain happens within the CNS, and does not reside in
the damaged locality, though it may be perceived
so.”18 He is telling us that the subjective experience of
pain is the result of processing the afferent impulse at
the spinal cord, brainstem, and cerebral cortex levels.
The painful stimulus activates many pools of neurons
at all levels of the CNS, all of which contribute to the
perception of referred pain.

Several tissues of the cervical spine have common
referral patterns to the shoulder. For example, the
apophyseal joints of the C4-C5 or C5-C6 vertebral
segments have a characteristic referral pattern to the

shoulder in addition to the primary complaint of neck
pain. Figure 2-6 illustrates the areas of the shoulder
typically involved with referred pain from the cervical
apophyseal joints.1,14

Discogenic pain, thought to arise from the break-
down of the disc at these same levels, may also be a
source of referred shoulder pain. Finally, the cervical
muscles associated with these same cervical segmental
levels have the potential to refer pain into the shoulder
region, most commonly over the scapula. We think that
referred pain from degenerative joint disease of the
apophyseal joints of the cervical spine is the more com-
mon mechanism of referred shoulder pain. The palpa-
ble changes in muscle tension about the neck and the
scapula are reflex responses of the neuromuscular sys-
tem as a result of injury or degenerative breakdown of
the specialized connective tissues of the cervical spine.

As discussed earlier, careful examination of the cer-
vical spine in the middle-age or older adult patient
complaining of shoulder pain is important in linking
the contribution of the cervical spine to the painful
syndrome being examined because primary degenera-
tive joint disease is an age-related phenomenon.
A quick screen of the cervical spine to reproduce the
pain described typically includes endrange rotation
and testing the cervical spine in the extension quad-
rants (Figure 2-7).

Finally, the clinician should bear in mind that vis-
ceral structures also have the potential to refer pain to
the shoulder. Pain felt in the shoulder region can be
caused by gallbladder disease, disorders of the
diaphragm, disorders of the spleen, and pathology of
the heart or lungs. Mechanical disorders of the mus-
culoskeletal system, however, often feature a pattern of
pain and can be provoked with mechanical stresses,
which is atypical of visceral disorders. In the absence
of a predictable pain pattern, and when familiar signs
or symptoms cannot be elicited through the applica-
tion of mechanical stresses to the shoulder tissues or
cervical spine in the examination (see Chapter 5),
additional diagnostic tests are necessary to rule out
pain of visceral origin.

THE BRACHIAL PLEXUS

The ventral rami of C5, C6, C7, C8, and T1 inter-
weave to form the brachial plexus, which gives rise to
nearly the full complement of sensory and motor
nerves associated with the upper extremity (Figure 2-8).
The plexus is best studied when divided into its
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Figure 2-6. The cervical apophyseal joints can refer
pain toward the shoulder region. This illustration shows
the region of the shoulder in which such pain may be
perceived by the patient. (Modified from Dwyer A, April C,
Bogduk N: Cervical zygapophyseal joint pain patterns I:
a study of normal volunteers, Spine 15(6):453, 1990.) 
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Figure 2-7. Since disorders of the apophyseal joints of the cervical spine (especially segments 
C4-C5 and C5-C6) can refer pain to the shoulder, we include a cervical screening in the examina-
tion of the patient with shoulder pain, especially middle-age or older adults. In view A, the exam-
iner brings the cervical spine to endrange rotation, and in B, the examiner brings the cervical spine
into the extension quadrant. When the examiner is able to reproduce familiar neck and shoulder
pain with these maneuvers, it suggests that the shoulder pain is referred from the cervical spine.
(From Porterfield JA, DeRosa C: Mechanical neck pain: perspectives in functional anatomy, Philadelphia,
1995, WB Saunders.)
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component parts: the ventral rami, trunks, divisions,
cords, and peripheral nerve branches.

The area of the neck that lies above the clavicle is
called the supraclavicular region. It is in this region
that the proximal parts of the brachial plexus are
located. In addition to the ventral rami, there are three
trunks. The upper trunk is formed when the fifth and
sixth ventral cervical rami unite. The eighth cervical
and first thoracic ventral rami form the lower trunk of
the brachial plexus, and the ventral ramus of C7 con-
tinues as the middle trunk.

Injury to the trunks of the brachial plexus can result
from trauma. The classic “burner” or “stinger” injury
to the shoulder, often seen in athletes who play football
or wrestle, usually is a result of a forced depression of
the scapula on one side in combination with lateral
flexion of the cervical spine to the contralateral side.
The combination of these forces to the neck and shoul-
der girdle results in a stretch injury to the upper trunk

of the brachial plexus (Figure 2-9). While pain from
such an injury is often immediate, associated neurolog-
ical changes in the muscles ultimately supplied by
nerve branches of the upper trunk or its continuation
might not be evident until several days after injury. As
might be expected, injuries to the upper trunk of the
brachial plexus can affect deltoid, supraspinatus, infra-
spinatus, and biceps brachii muscles.6,9

Each trunk of the brachial plexus gives rise to ante-
rior and posterior divisions. The posterior divisions from
the upper, middle, and lower trunks ultimately merge to
form the posterior cord of the brachial plexus, whereas the
anterior divisions of the upper and middle trunk form
the lateral cord. The anterior division of the lower trunk
continues as the medial cord. The cords of the brachial
plexus are named for their relationship (medial, lateral,
or posterior) to the axillary artery (Figure 2-10). 

Although some of the peripheral nerves that ulti-
mately supply the skin and muscles of the upper
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Figure 2-8. The brachial plexus.
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Figure 2-9. The mecha-
nism of the “stinger” injury
shown here is a result of
forced depression of the
scapula on one side in combi-
nation with lateral flexion of
the neck to the opposite side.
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Figure 2-10. The cords of
the brachial plexus are named
for the axillary artery because
of their relationship to this
primary source of blood to the
shoulder region.
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Middle scalene
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Figure 2-11. This illustra-
tion shows the relationship
between the intervertebral
foramen and scalene mus-
cles to the ventral rami of
the brachial plexus.

extremity branch from the trunks and divisions of the
plexus, most of the peripheral nerves branch from the
cords. Note that the interweaving of the rami, trunks,
divisions, and cords results in the potential for many of
the peripheral nerves to carry several different nerve
root segments ranging from C5 through T1. Figure 2-
8 illustrates the peripheral nerves that branch from the
brachial plexus.

Physiological Relationships
of the Brachial Plexus

The brachial plexus (rami, trunks, divisions, cords,
and branches) travels over a fairly complex route in its
path from the anterolateral aspect of the cervical spine
to the arm. Thus, you need to have a general idea of
the relationships of the various components of the
brachial plexus to important cervical and shoulder gir-
dle structures. From their position lateral to the nerve
roots, the ventral rami lie just outside the intervertebral
foramen positioned between the anterior and middle
scalene muscles (Figure 2-11). The trunks of the plexus
lie anterior to the levator scapulae muscle and course
between the anterior and middle scalene muscles
toward the upper posterior aspect of the clavicle. At
this region, the neural tissue of the brachial plexus is

incorporated into the fascial sheath of the scalenes,
which allows injections of local anesthetic to be con-
tained within the immediate environs when given as a
treatment intervention.

The upper two rami join together to form the upper
trunk at Erb’s point. This landmark can be visualized
as lying 2 to 3 cm above the clavicle immediately pos-
terior to the sternocleidomastoid muscle (Figure 2-12).
The lower trunk, in contrast, forms behind the clavi-
cle directly above the pleura of the lung. Thus apical
lung tumors can compromise neural function of the
lower trunk of the brachial plexus and must be ruled
out when evaluating sensory and motor disturbances
of the upper extremity of unknown etiology.

Approximately at the level of the clavicle, the trunks
split into anterior and posterior divisions. Branches
emerging from the anterior division supply the flexors
of the upper extremity, whereas branches from the
posterior division primarily supply extensors. At this
point, however, these components of the brachial
plexus lie within the costoclavicular space and pass
into the infraclavicular region (Figure 2-13). 

After passing between the clavicle and rib and then
under the pectoralis minor muscle, the plexus reaches
the axilla, where it is thoroughly invested with axillary
fascia and protected by the fat, connective tissue, and
lymph nodes of the axilla. In this region the cords of
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the brachial plexus are formed and lie in close approx-
imation to the axillary artery. The peripheral nerves
that carry the alpha and gamma motor neurons that
supply the extrafusal and intrafusal muscle fibers
respectively, and the sensory nerves that not only carry
nociceptive and general sensation but also propriocep-
tive feedback from the upper extremity to the CNS,
emerge from the axillary fascia.

Key Peripheral Nerves of the
Brachial Plexus and Related
Clinical Syndromes Associated
With the Shoulder

Suprascapular Nerve

The suprascapular nerve branches from the upper
trunk of the brachial plexus at Erb’s point and typi-
cally carries the fifth and sixth cervical nerve roots. Its

route toward the two muscles it supplies, the
supraspinatus and infraspinatus, is unique because it
travels through the suprascapular notch of the
scapula, which is bridged by the transverse scapular
ligament.34 The suprascapular artery lies superior to
this ligament, whereas the suprascapular nerve travels
inferior to it (Figure 2-14). Note that the suprascapu-
lar nerve does not move within the notch, but instead,
it is the scapular notch that must move relative to the
nerve. This scapular motion occurs over the scapu-
lothoracic interface and acromioclavicular joint.

On entering the supraspinous fossa, the nerve
supplies the supraspinatus muscle and then courses
laterally to supply sensory branches to the acromio-
clavicular joint and the posterior aspect of the joint
capsule. Then the suprascapular nerve swings around
the spine of the scapula to enter the infraspinous fossa
and supply the infraspinatus muscle. In the supra-
spinous fossa, branches of the suprascapular nerve
supply the acromioclavicular joint and the superior
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Figure 2-12. Erb’s point is the junction of the
upper two rami and is typically 2 to 3 cm above
the clavicle and immediately posterior to the ster-
nocleidomastoid muscle.
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aspect of the glenohumeral joint. In the infraspinous
fossa its branches extend to the posterior aspect of the
glenohumeral joint.

The suprascapular nerve can be injured or compro-
mised in several ways.11,13,30 Grade III sprains of the
acromioclavicular joint (see Chapter 4) can result in
traction to the suprascapular nerve as a result of
downward displacement of the scapula and the result-
ant compression and traction to the nerve by the over-
lying transverse scapular ligament (Figure 2-15).34

Since the suprascapular nerve is relatively fixed at
its origin from the upper trunk and at its termination
in the infraspinous fossa, it can be injured via tensile
stresses, which might occur with excessive range of
scapular motions so common in many athletic activi-
ties, such as swimming, tennis, and throwing.5,30 Try
to visualize how the distance between the two ends of
the nerve increases with scapular motions and how
repetitive motion of the scapula continually “rides”
the suprascapular notch back and forth under the
nerve. Repetitive carrying of heavy loads that forces
the scapula into extremes of depression also may
result in traction to the nerve.2,3 The location of the

suprascapular nerve as it crosses the posterior aspect of
the glenohumeral joint may render it vulnerable to
posterior glenohumeral subluxations and dislocation.
Compression by ganglion cysts or neoplasms in the
region of the spinoglenoid notch or posterior capsule
also may cause pathology.42

Although the anatomical course of the nerve and
analysis of scapular motion suggest ways in which the
suprascapular nerve can be injured, it is often difficult
to make a clinical diagnosis. Pain is typically felt pos-
terior and is poorly localized. Depending on the
region of the nerve compromised, weakness and atro-
phy of the supraspinatus and infraspinatus may be
present. Compromise at the spinoglenoid notch would
affect only the infraspinatus because innervation of
the supraspinatus occurs proximal to this point.

Typically, infraspinatus atrophy is easier to detect
than supraspinatus atrophy. Weakness of the
supraspinatus and infraspinatus muscles has an impact
on arm elevation, abduction, and external rotation.
Note, however, that weakness of these muscles can be
caused by a variety of other conditions, such as rota-
tor cuff tears or cervical nerve root involvement.
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Figure 2-13. This illustration
shows the relationship between the
divisions of the brachial plexus to
the costoclavicular space. 
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Diagnosis of suprascapular neuritis is therefore very
difficult. Electromyography of these two muscles may
help confirm the diagnosis. Treatment usually focuses
on rest, limiting the range of scapular motion with
activity, support of the scapula if possible to avoid it
being displaced inferiorly, and scapula elevation exer-
cises in a moderate range.

Finally, the suprascapular nerve is one of the nerves
that supply the glenohumeral joint capsule. Stimulation
of the suprascapular nerve endings in the joint capsule
has demonstrated contractile activity of the biceps,
infraspinatus, supraspinatus, and subscapularis muscles
in the feline model, implying that reflex arcs exist from
the ligaments and joint capsule to their associated mus-
cles.40 It is reasonable to suspect that motions of the
joint, especially those that take the connective tissues to
ranges resulting in activation of the nerve endings in the
capsule, trigger muscle contractions, which stabilize and
keep the humerus centered on the glenoid.

Long Thoracic Nerve

The long thoracic nerve, originating from the C5, C6,
and C7 ventral rami at the level of the intervertebral
foramen, is one of the few nerves in the body that
courses on the external surface of the muscle it

innervates (Figure 2-16). The serratus anterior lies super-
ficially on the lateral chest wall, which appears to place
the nerve in a fairly vulnerable position but, in fact, the
nerve is adequately protected by soft tissues in its course.
The common mechanisms of injury are direct trauma
to the lateral chest wall or traction stresses to the nerve.
Traction of the nerve occurs primarily with scapular
retraction and depression since this maneuver stretches
the nerve over the first rib. The particular region of the
nerve most vulnerable to this stretch is between the
upper part of the serratus anterior and the lower border
of the middle scalene (Figure 2-17).

The large excursion of scapulothoracic motion seen
in numerous sports has been documented as having
the potential to injure the long thoracic nerve.
Bowling, throwing, discus, football, golf, gymnastics,
weightlifting, and wrestling have all been impli-
cated.16,17,46 Activities in which the arm is vigorously
pulled into abnormal positions also may result in the
scapula moving in a direction that causes traction to
the nerve.21 Like many of the peripheral nerves, long
thoracic nerve palsy can occur as a result of viral
infection of the nerve, infections, and lower motor
neuron disease.46

The serratus anterior is the key upward rotator of
the scapula, and weakness caused by long thoracic
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Figure 2-14. The supra-
scapular nerve branches from
the upper trunk of the brachial
plexus and travels posteriorly
to run through the supra-
scapular notch, where it lies
under the transverse scapular
ligament. After passing through
the notch, it supplies the
supraspinatus muscle and then
swings laterally around the
spine of the scapula to supply
the infraspinatus muscle. In
addition to supplying these
two muscles, this nerve also
supplies the posterior aspect of
the joint capsule and the acro-
mioclavicular joint.
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nerve damage impairs its ability to strongly lift the
arm overhead since the scapulothoracic contribution
to arm elevation is lost. The strong attachment of this
muscle to the medial wall of the scapula will result in
the medial border of the scapula losing contact with
the chest wall—the classic “winging” scapula—when
there is a loss of resting muscle tension as a result of
nerve palsy (Figure 2-18).

If traction to the nerve is considered to be the eti-
ological factor, postures that potentiate the nerve
tension via stretch of the serratus anterior (marked
retraction and downward rotation of the scapula)
must be avoided. Stretching of the muscles that are
scapular protractors, such as the pectoralis major
and pectoralis minor, may also contribute to pos-
tural correction. Like most upper quarter problems
that have postural mechanics as an etiological factor,
strengthening of the scapulothoracic and abdominal
muscles is essential for postural balance. Recovery
from nerve palsy is typically slow, often taking as
long as 2 years.

Axillary Nerve

The axillary nerve carries the C5 and C6 nerve root
segments and is one of the terminal branches of the
posterior cord of the brachial plexus. It is an often-
injured nerve.22 In addition to supplying the three del-
toid heads and the teres minor muscle, it supplies
sensory innervation to the shoulder joint capsule and
cutaneous sensation about the shoulder. The other
terminal branch is the radial nerve.

Once you understand the course of the axillary
nerve, you can visualize its potential for injury. From
its position on the surface of the subscapularis muscle,
it travels posteriorly to the inferior aspect of the shoul-
der joint capsule28 (see Figure 2-12). It gains the pos-
terior position of the shoulder by emerging from the
quadrilateral space (Figure 2-19), whereupon it
branches into anterior and posterior components to
supply the deltoid and teres minor muscles and the
skin over the region of the lateral arm via its promi-
nent cutaneous branch, the lateral brachial cutaneous
nerve. The anterior branch of the axillary nerve is also
responsible for the sensory supply to the lower portion
of the glenohumeral joint capsule, and on emerging
from the quadrilateral space, the posterior branch also
contributes to the sensory supply of the glenohumeral
joint capsule. These two branches of the axillary nerve
constitute the major nerve supply of the glenohumeral
joint capsule.15

Because of its close relationship to the proximal
end of the humerus, the axillary nerve is vulnerable
to stretch injuries secondary to dislocations or frac-
tures of the humerus, and its close proximity to the
inferior aspect of the joint capsule renders it vulnera-
ble during surgical procedures designed to tighten the
joint capsule for glenohumeral joint instability prob-
lems.29a These articular branches of the axillary
nerve have also been found to elicit contractions in
the biceps, subscapularis, supraspinatus, and infra-
spinatus muscles when experimentally stimulated.20

This implies a synergistic relationship between pas-
sive support structures (capsule and ligaments) and
the neuromuscular system.

The most common mechanism of injury to the
nerve occurs during anterior dislocations of the
humerus. Estimates of the incidence of axillary nerve
injury following dislocations range from 10% to 18%.4

Axillary nerve injury has also been documented in
conditions arising from carrying heavy packs on the
shoulders, forcing the shoulder girdle into prolonged
and excessive depression.24,36 Signs and symptoms
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Figure 2-15. When the scapula is subluxed or dislo-
cated from the clavicle at the acromioclavicular joint, it is
displaced downward and rides inferiorly, resulting in
traction to the suprascapular nerve, and the nerve is
compressed against the lower border of the thick trans-
verse scapular ligament.
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associated with axillary nerve injury include weakness
of the deltoid and altered sensation about the shoul-
der, electromyographic (EMG) changes, pain over the
region of the quadrilateral space, and diffuse aching in
the shoulder joint especially after use. Because the
nerve is relatively short in its course around the
humerus, the prognosis for recovery is good.
Maintaining strength and range of motion, especially
in the rotator cuff and scapulothoracic muscle groups,
is important in this recovery phase.

Spinal Accessory Nerve

The spinal accessory nerve is the name for cranial
nerve XI with its associated cervical contributions. It is
a complex nerve and originates in the cervical spinal
cord and medulla. The axons of the cervical cord ori-
gin ascend through the foramen magnum to join its
counterpart from the medulla in its formation, and the
conjoint axons descend to exit through the jugular
foramen located at the base of the skull (Figure 2-20).
After passing through the sternocleidomastoid muscle
that it also innervates, the spinal accessory nerve

travels posteriorly to reach and supply the trapezius
muscle on its deep surface (Figure 2-21).

Although the nerve may be injured by trauma to
the lateral aspect of the neck, or as a result of traction
forces that reach the nerve because of excessive scapu-
lar depression, the most common mechanism of
injury occurs as a result of surgery within the posterior
triangle of the neck. Examples include biopsy or
resection of the lymph node or radical neck dissection.
The trapezius alone holds up the lateral point of the
shoulder, so dropping of the lateral aspect of the
shoulder is one of the most common signs.12,27 In
addition, shoulder function can be compromised
because of the loss of trapezius contribution to scapu-
lothoracic elevation and upward rotation.

Thoracic Outlet Syndrome

No discussion of the brachial plexus or its compo-
nents is complete without reference to thoracic outlet
syndrome. The thoracic outlet syndrome remains a
highly controversial topic in musculoskeletal medicine,
with viewpoints that range from skepticism about its
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Figure 2-16. The long thoracic nerve
lies on the superficial aspect of the serra-
tus anterior muscle and is responsible for
its complete nerve supply.
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existence to elaborate descriptions of its signs and symp-
toms. The syndrome is generally considered to arise
from mechanical compromise to the brachial plexus and
associated vasculature, particularly the subclavian ves-
sels. Its wide spectrum of signs and symptoms have vas-
cular or neurological characteristics that include any
combination of pain, paresthesias, weakness, vascular
disturbances, sensory loss, and reflex changes related to
the upper extremity. We find that the diagnosis of tho-
racic outlet is often vague and in many cases is used as a
diagnosis of exclusion when other causes related to such
signs and symptoms have been ruled out.

Some of the earliest descriptions of neurovascular
compromise in the lateral aspect of the neck were
made in the 1700s when Hunald reported on cases of
neurovascular compromise as a result of an anom-
alous rib associated with the last cervical vertebrae.44

Decompression of the neurovascular bundle by
removal of the cervical rib was, and still is, a method
of treatment when the neurovascular bundle appears

to be excessively “arched” over this rib or stretched
over an elongated cervical transverse process. This
course results in traction to the neurovascular bundle.

Since that time, the course that the neurovascular
bundle takes from the neck to the axilla has been care-
fully studied in order to better understand potential
entrapment sites. The subclavian veins that typically
drain into the brachiocephalic veins lie on the first rib
between the anterior scalene and the subclavius mus-
cles (Figure 2-22). The right subclavian artery that
branches off the brachiocephalic artery and the left
subclavian artery that typically arises from the arch of
the aorta travel with the lower trunk of the brachial
plexus to lie between the anterior and middle scalene
muscles (Figure 2-23). The space through which these
vessels and nerves travel from the neck through the
upper lateral chest and into the axilla is referred to as
the thoracic outlet. Several specific anatomical loca-
tions within this region can be the sites of mechanical
compromise (Figure 2-24). These sites include the
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interscalene triangle, or space between the anterior
and middle scalenes; the substance of the muscle
bellies themselves; over the cervical transverse
processes; in the costoclavicular space; and the cora-
copectoral tunnel, which is found under the pec-
toralis minor muscle.

The neurovascular bundle must cross over the top
of the first rib. The axons contributing to the forma-
tion of the T1 ventral ramus and the lower trunk
of the brachial plexus have an especially arched
pathway resembling an inverted “U” over the first
rib. During full shoulder elevation, the clavicle
rotates on its longitudinal axis (see Chapter 4), and
therefore the space between the first rib and the clav-
icle is further narrowed.41

It is important to note that various arm and scapula
movements have the potential to alter the architecture
of the spaces that the neurovascular bundle traverses.
Space occupying conditions such as cervical ribs, bony
callus from old fractures of the clavicle or ribs, and
apical lung tumors, or the presence of fibrous bands,
can also compromise the plexus and vasculature by
altering the dimensions within the thoracic outlet.

Whereas anatomical variants and congenital anom-
alies can result in signs and symptoms of thoracic

outlet syndrome, the majority of nonsurgical presen-
tations in the clinic are due to altered mechanics of
the shoulder girdle or upper back and neck.23

Typically, the age of onset is between 20 and 40, and
it is more common in women than men. Poor posture
and weak shoulder girdle and scapular muscles often
accompany such presentations.

Thoracic outlet syndrome can be classified into two
types: neurological and vascular.35 Various tests have
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Figure 2-18. The “winging” of the scapula occurs
when the medial border of the scapula loses contact with
the chest wall because of loss of resting muscle tension of
the serratus anterior.

Figure 2-19. The axillary nerve in the shoulder runs
over the posterior and inferior aspect of the shoulder
joint capsule and then emerges from the quadrilateral
space to supply the deltoid and teres minor muscles. The
quadrilateral space is bounded by the teres minor superi-
orly, the long head of the triceps medially, the humeral
laterally, and the teres major inferiorly. In its course
around the humerus, the nerve travels with the posterior
humeral circumflex artery.
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been described that are intended to mechanically
stress the neurovascular bundle or alter the space it
travels in order to reproduce the patient’s symptoms
(Figure 2-25). These tests have a high incidence of
false-positive results and therefore cannot be relied on
as diagnostic in and of themselves. Objective signs
such as EMG changes, temperature or color changes
in the hand that are vascular in nature, or neurologi-
cal signs such as muscle weakness, weakness of grasp
and loss of hand coordination, and reflex changes pro-
vide more meaningful information. In addition to
pain, patients may also complain of paresthesias in the
upper extremity, a feeling of heaviness of the arm,
arm fatigue, and swelling in the hand.

Nonsurgical management focuses on analysis of
upper quarter mechanics in order to alleviate com-
pression to the neurovascular bundle. We prefer to
use a program designed to influence the potential

stress points from the neck to the axilla. It includes
specific stretches to the scalene musculature, specific
stretches for the pectoralis minor muscle, strengthen-
ing of the abdominal mechanism (since the abdomi-
nal muscles are primarily responsible for maintaining
the postural relationships of the abdomen, thorax
and shoulder girdle, and cervical spine), and strength-
ening of the scapula retractors, scapula upward rota-
tors (serratus anterior and trapezius), and the
posterior rotator cuff (see Chapter 6).33 It is impor-
tant to review sitting and sleeping postures with the
patient in order to design the optimal positions that
will help to decrease any mechanical stress to the neu-
rovascular bundle along its complete course from the
neck to the axilla. Also, the patient should be carefully
instructed in the optimal postural positioning of the
shoulder girdle, thorax, and abdomen, in addition to
that of the cervical spine.
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Figure 2-20. The spinal accessory nerve originates in the cervical spinal cord and medulla and
supplies motor innervation to the trapezius and sternocleidomastoid muscles.
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Figure 2-21. The spinal accessory nerve travels
through the sternocleidomastoid muscle and posterior
triangle of the neck to reach the trapezius muscle. This
nerve is vulnerable to compression and traction injuries
because of its superficial location.

Figure 2-22. The subclavian veins lie on the first rib
between the anterior scalene and subclavius muscles.

Figure 2-23. The subclavian
arteries travel with the lower
trunk of the brachial plexus to
lie between the anterior and
middle scalene muscles.
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Figure 2-24. The thoracic outlet is the
space through which the neurovascular
bundle travels and a site of potential nerve
entrapment. It is located between the (1)
anterior and middle scalenes, at the region
of the (2) cervical transverse process,
between the (3) clavicle and first rib, and
under the (4) pectoralis minor muscle.

Figure 2-25. Tests used to assess for tho-
racic outlet syndrome are designed to
mechanically compromise the neurovascu-
lar bundle between the scalene muscles, in
the costoclavicular space, or under the pec-
toralis minor. The examiner who under-
stands this anatomy can place the arm and
shoulder in positions and observe whether
vascular or neurological signs can be repro-
duced. Always remember that such tests
have a high incidence of false-positive and
false-negative results and therefore will not
render a diagnosis in and of themselves.
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Articular Neurology of the Shoulder

Nerve fibers that supply the joints of the body fol-
low Hilton’s law, which states that the nerves to the
muscles that act on the joint also supply branches to
the joint itself and the skin over the muscle. Thus the
neural supply to the key joints of the shoulder region
include (Figure 2-26):

● The glenohumeral joint supplied primarily by the
axillary, musculocutaneous, suprascapular, and sub-
scapular nerves

● The acromioclavicular joint supplied by the lateral
supraclavicular nerves that arise from the cervical
plexus and the suprascapular nerve

● The sternoclavicular joint supplied from the medial
supraclavicular nerve branching from the cervical
plexus and the small subclavian nerve that arises
from the early part of the brachial plexus

These nerves integrate sensory afferents with
motor efferents. They carry sensory afferents from the
joint and the muscle-tendon units, motor supply to
the extrafusal and intrafusal muscle fibers, and vaso-
motor efferents for the vasculature associated with the
joint.

Nociceptive sensory nerve endings are distributed
among the joint capsule and ligaments and recognize
painful sensations that occur when the joint capsule or
supporting ligaments are mechanically or chemically
stressed. These sensory afferents are largely free nerve
endings. Ruffini and Pacinian afferents, as well as
undifferentiated encapsulated nerve endings, all of
which are types of mechanoreceptor sensory nerve
endings, have also been found within the gleno-
humeral joint capsule and supporting ligaments.45

Whereas the Ruffini endings respond to stretch, the
Pacinian endings respond to compressive and tensile
forces. These peripheral receptors and other encap-
sulated mechanoreceptors and free nerve endings are
essentially biological transducers that have the unique
ability to convert physical, chemical, and thermal
energy into an action potential in the neuron associ-
ated with that particular receptor. The resulting
action potential reaches the CNS, whereupon it pro-
duces reflex responses at the spinal cord and brain-
stem levels, or conscious awareness of the stimuli at
the cerebral cortex level.19 At the spinal cord level
local reflexes ensue and the input is further modu-
lated through descending cortical or brainstem tracts.
Additionally, input from these mechanoreceptors and
nociceptors ultimately ascends via multisynaptic

pathways to converge on brainstem nuclei, the cere-
bellum, and the cerebral cortex.

Since much of the glenohumeral joint capsule is
typically lax in the resting position, very little mechan-
ical stress is placed on the mechanoreceptors. The
tightening of specific regions of the capsule and liga-
ments that occurs with motion results in deformation
of the mechanoreceptors. For example, the inferior
glenohumeral ligament (see Chapter 4) is most lax
with the arm at its side, but in external rotation and in
the high-five position, there is a marked increase in lig-
ament tension, which activates the capsular and liga-
ment mechanoreceptors. The middle glenohumeral
ligament becomes taut between 45 and 75 degrees of
external rotation, again potentially increasing the acti-
vation of the joint mechanoreceptors. Although there
is a wide distribution of mechanoreceptors within
most of the glenohumeral joint capsular tissues, no
mechanoreceptors appear in the glenoid labrum or
subacromial bursa.

The presence of mechanoreceptors in the joint
implies several functions, the most notable of which is
synergistic linkage with the musculature of the shoul-
der joint and shoulder proprioception. The synergistic
connection between ligaments and musculature was
first described in the knee.38,39 This important con-
cept has now been extended to the shoulder joint.20

Specifically, reflex arcs are present between the
mechanoreceptors of the joint capsule and the mus-
cles that cross the joint. Shoulder joint stability is thus
more than the passive restraining ability of the spe-
cialized connective tissues of the shoulder. Stimulation
of the articular mechanoreceptors associated with
branches of the axillary nerve results in immediate
and systematic reflex muscle contractions from the
subscapularis, supraspinatus, and infraspinatus mus-
cles. Such direct reflex connections between the
mechanoreceptors of the joint and the cuff muscles
suggest a neuromotoric contribution to joint stability.
Joint stability is the sum total of the contribution of
the musculature and the capsular restraints linked to
the nervous system as a result of afferent mechanore-
ceptor input and efferent motor output.

In addition to the mechanoreceptors associated
with the joint capsules and ligaments, a sophisticated
receptor system is also associated with the muscles and
tendons surrounding the joints. Golgi tendon organs
and muscle spindles are essential components of the
musculature of the shoulder joint.19 It is particularly
relevant to consider the presence of Golgi tendon
organs, highly sensitive tension receptors located in
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Acromioclavicular
joint

Figure 2-26. Innervation of the glenohumeral joint is supplied primarily by the axillary, musculo-
cutaneous, suprascapular, and subscapular nerves. Views A and C show the anterior and posterior
views of this rich neural supply to the glenohumeral joint and surrounding tissues respectively, whereas
view B illustrates the neural supply to the anterior structures, including the acromioclavicular (sup-
plied by the lateral supraclavicular nerves that arise from the cervical plexus and the suprascapular
nerve) and sternoclavicular joints (supplied by the medial supraclavicular nerve branching from the
cervical plexus and the small subclavian nerve arising from the early part of the brachial plexus).
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the rotator cuff tendons, because of the intimate rela-
tionship of the tendons to the shoulder joint capsule
(see Chapter 4). An intricate feedback mechanism
relaying proprioceptive input from the capsular con-
nective tissues to the CNS exists: contraction of the
rotator cuff muscles stimulates the Golgi tendon
organs and the joint capsule mechanoreceptors, pro-
viding immediate feedback on joint activity to the
CNS. When you consider the partial thickness rotator
cuff tendon tear (or complete thickness tear) in com-
bination with a lax, damaged glenohumeral joint cap-
sule, input from the Golgi tendon organs and
mechanoreceptors of the joint is diluted and the
important link between afferent input and efferent
output is marginal at best.

As noted earlier, this complex of mechanoreceptors
located within the joint structures themselves, as well
as the surrounding muscles and tendons, is largely
responsible for communicating proprioceptive infor-
mation to all parts of the CNS, including the spinal
cord, cerebellum, and cerebral cortex. Proprioception
includes the awareness of joint movement (kinesthesia
or rate of movement) and joint position sense (extent
of movement). Input from the muscles to the CNS via
the muscle spindles also assists in the analysis of the
resistance to movement, and tension within a muscle
results from continuous feedback and feed-forward
loops of afferents and efferents that are associated
with the muscle spindle.

In addition to these proprioceptive functions, the
mechanoreceptors are responsible for controlling the
resting tension of the muscle and generating reflex
responses.31 Input from the mechanoreceptors ulti-
mately affects the state of muscle contraction via influ-
ence on the motor neurons responsible for extrafusal
muscle fiber contraction (the skeletal muscle) and intra-
fusal muscle fiber contraction (the muscle spindle).

Because the shoulder has such a wide range of
motion over the different joints and articulations,
mechanoreceptors associated with the joint are acti-
vated through an extraordinarily wide range, and the
CNS is subjected to a barrage of information from the
receptor system. This input converges on the spinal
cord, where simple local reflexes, subcortical influ-
ences, or cortical override results in the coordination
and synergy between the glenohumeral, scapulotho-
racic, and cervical spine muscles.

Later (see Chapters 3 and 4) we will refer to factors
that contribute to glenohumeral stability. One of the
most important but least understood of these factors
is the contribution of the nervous system to shoulder

stability. A continuous interplay between the sensory
afferents coming from the joint capsule and its sup-
porting ligaments, muscles, and tendons and the
motor efferents of the alpha and gamma motor neu-
rons provides for the essential balance of motor activ-
ity to allow the joint with the greatest mobility in the
body to simultaneously remain stable. Loss of this key
interplay may be one of the primary problems with
the unstable glenohumeral joint. The mechanorecep-
tors of the capsule are stretch sensitive; therefore
lengthened capsular and ligamentous tissue as a result
of injury most likely decreases mechanoreceptor
input to the CNS. Several studies have demonstrated
that patients who have had glenohumeral disloca-
tions have proprioceptive deficits, most likely as a
result of capsular and ligamentous damage.25,26,37,43

Conversely, it has been suggested that improved pro-
prioception of the glenohumeral joint may occur
after radio frequency assisted thermal capsular shift
in multidirectional instability because of a mechani-
cal tightening of lax capsular tissues.10

In essence, it is the unconscious activation of the
dynamic stabilizers coupled with the properly timed
and synchronized co-activation of musculature associ-
ated with the scapulothoracic articulation and the
acromioclavicular, sternoclavicular, and glenohumeral
joints that are the essential pieces of rehabilitation for
mechanical shoulder disorders. While oftentimes a
rehabilitation plan focuses on restoration of range of
motion and strength of the shoulder as measured by
maximum weight lifted, torque generated, or
endurance as determined by repetitions to failure,
these measure only a fraction of total shoulder func-
tion. We have previously discussed the concept of
muscles resembling mechanical springs with varying
“set points” of resting tension and the potential of
muscles’ stiffness (the muscles’ inherent resistance to
deformation) contributing to joint stability.32 The
comparison to mechanical springs allows us to con-
sider the benefit of muscle stiffness—the resting ten-
sion or turgor of the muscle—and the inherent
contribution to joint stability (Figure 2-27). As demon-
strated in the lower extremity, this enhanced state of
muscle readiness prepares the muscle, and conse-
quently the joint, for external loads by heightening the
sensitivity of the muscle spindle and quickens the
reflexive response of the muscle.8,29b

This neural influence suggests several important
considerations in regard to the rehabilitation process.
Chapters 3 and 6 describe various resistance exercises
used in training the musculature of the shoulder girdle
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and trunk. Wilk has described the importance of neu-
romuscular control of the shoulder complex and its
importance to the patient in developing and improv-
ing neuromotoric control of the shoulder complex
during the rehabilitation process.47,48,49 We agree that
this aspect of rehabilitation is critical and use several
variations of such training in the clinical setting to
help develop neuromuscular control.

One of the first methods used is proprioceptive neu-
romuscular facilitation (PNF) technique. This technique
is more involved than simply moving the extremity
through a pattern, and three of its aspects are especially
relevant to shoulder rehabilitation. These include:

1. Emphasis on the rotary component of the motion
regardless of whether the pattern is one of full
range movement or static holds. This rotary com-
ponent is the essential element of the pattern in
shoulder rehabilitation when the role of the rotator

cuff and the orientation of the major extrinsic
muscles of the shoulder are understood.

2. Varying the middle segment (elbow motion)
regardless of the pattern direction. All too often
the diagonal is used with the elbow kept in the
extended position. These shoulder patterns are of
neuromotoric value only when the clinician varies
the technique to allow the elbow to move from
flexion to extension or extension to flexion, and
not simply remain in flexion or remain in exten-
sion during any pattern direction. Applying the
technique in this manner begins to more closely
reproduce the sensorimotor demands of the
upper extremity in work, sport, and activities of
daily living. Furthermore, it is an important con-
sideration that acknowledges the important roles
the biceps and triceps play in concert with other
shoulder musculature.

3. Proper use of rhythmic stabilization. This technique
requires the clinician to maintain keen sensory
awareness of the patient’s attempt at movement
within the pattern. It is far more than simply an iso-
metric hold in different ranges. If properly executed,
this technique incorporates the essential rotary com-
ponent and elbow component and discretely and
subtly alters the rotary or diagonal resistance at dif-
ferent points of the range. The clinician can thus
position the joint in weak or vulnerable ranges and
begin the process of gradually challenging the
extremity for neuromotoric control.

Another technique to help establish neuromuscular
control uses controlled plyometrics. Plyometrics refers
to exercises that challenge the neuromuscular system
to produce the maximal force output in the shortest
possible time. The key to a plyometric exercise is the
time it takes for the muscle to reverse from a lengthen-
ing phase to a shortening phase. This implies that the
rate, not the magnitude, of the stretch determines the
storage of elastic energy and the subsequent rapid
implementation of this stored energy into work.

Plyometric exercises endeavor to rapidly store
energy in the muscles and then dissipate the energy in
a manner that allows the elastic properties of the mus-
cle to be combined with the active contraction of the
muscle. Consequently, this type of training has the
added benefit of enhancing the tolerance and capac-
ity of the muscle for increased stretch loads. This is
particularly important for activities in which the
glenohumeral joint will be placed in positions vulner-
able for subluxation or dislocation.
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Figure 2-27. It is useful to consider muscles as mechan-
ical springs with a resting tension associated with the
spring. Views A and B show the anterior and posterior
aspects of the rotator cuff as springs. An increase in rest-
ing muscle tension results in increased capsular tension
and more compression to the joint, both of which
enhance glenohumeral stability.
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This type of training program requires that the sen-
sory system—the stretch to the muscle spindle and the
Golgi tendon organs and the stretch or compression to
the mechanoreceptors of the joint—ultimately drive
the resultant desired muscle contraction. Therefore
plyometric exercises are useful for training the sensori-
motor system. Many plyometric exercises have been
described for the lower extremity (box jumps, squats,
bounding). These exercises can also be effective in
shoulder rehabilitation if carefully adapted to the spe-
cific patient needs. Examples using medicine balls of
varying weights and circumferences with an emphasis
on the rate of reversing the muscle action from the
lengthening phase to the shortening phase include:

● Medicine ball “presses” from the bench press posi-
tion or medicine ball presses from the incline bench
position

● Two-handed soccer throws
● Underhand two-handed side throws, single-arm

catch and throws, or push-ups (with knees on floor)
to 4-inch block (being very aware of the potential
for posterior shear at the glenohumeral joint (see
Chapter 4)

● Push-ups (with knees on floor) from a 4-inch block
to floor and back up to 4-inch block (again, aware
of the posterior shear at the glenohumeral joint)

● Modifications of the plyometric push-ups with the
patient “falling” toward a wall (as in a wall pec-
toralis major stretch) and pushing away quickly

● Plyometric sit-ups using elastic energy of muscles
involved in push pressing activities or plyometric sit-
ups using elastic energy from shoulder extensors

The last two exercises offer excellent ways to incor-
porate training of the shoulder girdle and abdominal
mechanism.

The key to the exercises is that the impact is quickly
absorbed (fast eccentric phase—stimulus to the
mechanoreceptors of the joint and the muscle), which
is followed by as “explosive” a contraction as possible
(powerful concentric phase—rapid conversion of
sensory input into motor action).

SUMMARY

We have examined several aspects of nervous system
function and dysfunction in the shoulder complex. We
described disorders of neural tissue that can give rise to
the perception of shoulder pain, such as nerve root
disorders, peripheral nerve injuries, and pain referred

from structures outside the shoulder region. In addi-
tion, we considered the poorly understood phenome-
non of sensorimotor integration over the shoulder.

Very often shoulder pain is analyzed simply on the
basis of a suspected mechanical etiology. The cause of
shoulder dysfunction is much more complex than sim-
ply joint laxity of the glenohumeral joint capsule or
compression of the subacromial bursa or rotator cuff
tendons under the coracoacromial arch. There is an
increased reliance on the precise functioning of the
neuromuscular system in meeting both stability and
mobility demands because the shoulder joint does not
have exceptional bony stability. The unique interplay
of the cervical spine, scapulothoracic articulation, and
sternoclavicular, acromioclavicular, and glenohumeral
joints is the result of a continuous interaction between
afferent and efferent (sensory and motor) neuron loops
that regulate shoulder function at the reflex, subcorti-
cal, and cortical levels. This suggests the important
influence of the nervous system for optimal function.
An early and safe return to activity after injury is just
as important in maintaining CNS health as it is in
maintaining musculoskeletal health. We suggest that
restoration of function includes integration of the
neuromusculoskeletal system, just as it does with the
cervical spine, low back, and other peripheral joints.
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INTRODUCTION

The highly mobile shoulder complex represents a
marvelous and fairly unique example of the way in
which multiple joints and articulations are precisely
controlled by extremely diverse musculature via the
central and peripheral nervous systems. Whereas
Chapter 2 reviewed the pertinent afferent and efferent
neurology of the system and Chapter 4 will detail joint
structure and function of the articulations, this chap-
ter provides us with the framework needed to examine
the roles that individual muscles and groups of mus-
cles play in meeting the simultaneous demands of sta-
bility and mobility.

The purpose of this chapter is to assist you in gain-
ing a three-dimensional understanding of the shoulder
girdle musculature. This knowledge, when coupled with
an understanding of glenohumeral, scapulothoracic,
and trunk mechanics, provides the basis for the evalua-
tion and treatment of shoulder disorders. The synergis-
tic interplay among muscles, tendons, capsules, fascia,
and bone gives us the ability to move in a coordinated

manner. This interplay is readily apparent in a study of
the shoulder, which, not being a weight-bearing joint,
relies heavily on the spine, trunk, and even the lower
extremities to create a stable yet immediately adaptable
platform from which to function. The scapulothoracic
articulation in particular must quickly get into position
to serve as a platform for glenohumeral motion. Such
interrelationships between different regions of the mus-
culoskeletal system is unparalleled in the human body
and speaks to the complexity of analyzing shoulder dis-
orders and then addressing them in as holistic a manner
as possible. Throughout this chapter, identification of
anatomical and mechanical linkages between individ-
ual muscles of the shoulder girdle and between the
trunk and shoulder girdle is illustrated and discussed
with the intent being to assist the clinician in the deci-
sion making processes associated with the analysis of
normal and abnormal function.

We also examine muscle structure here as it relates to
shoulder girdle functions and carefully consider the
interconnections and mechanical linkages between dif-
ferent muscles. This allows us to better determine the
relationship of muscle structure to function. Clinically
applicable observations and suggestions are included
throughout the chapter to assist you in understanding
interrelationships between the anatomy and biomechan-
ics as a foundation for use in solving problems of
mechanical disorders related to the shoulder girdle com-
plex. When muscle structure is reviewed in this manner,

CHAPTER 3
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the importance of maintaining muscular mass and
strength in order to ensure coordinated movement and
painless performance becomes increasingly apparent.

MUSCLE STRUCTURE

Among the many characteristics of muscle, there
are four that are important to consider when studying
its function and relationship to force transmission:
structure, attachment considerations, relationship of
the muscle to the joint, and crossing relationships
between different muscles (Table 3-1). Each character-
istic in turn has important clinical implications. The
first characteristic is the structure of the muscle. This
includes not only the cross-sectional area of the mus-
cle, but also the relationship of the muscle fiber to the
tendinous attachment. Typically, the physiological
cross section of a muscle is directly related to its ten-
sion generating ability. In most instances, the larger
the cross-sectional area of the muscle, the greater abil-
ity it has to generate force. Increases in the cross-
sectional area of skeletal muscle via strength training
is a biological adaptation resulting from increased
workload placed on the muscle, which is an important
principle to understand when developing exercise pro-
grams. Overload is the essential ingredient for influ-
encing increased hypertrophic changes in the muscle.

The adaptation of increased muscle size leads to an
increase in the muscle’s capacity to generate tension.
Muscle hypertrophy in response to overload training
occurs primarily as a result of the enlargement of
individual muscle fibers. This process of hypertrophy
is directly related to the synthesis of cellular matrix,
which is primarily protein and forms the contractile
elements.13 It is important to remember, however, that
increases in strength, as they are typically measured in
a clinical or laboratory environment, also occur as a
result of neurological changes (e.g., alteration of
inhibitory and facilitatory pathways) and psychologi-
cal influences.

The force of a muscle contraction from a muscle

with an oblique or spiral orientation can be resolved
into several component vectors in addition to a force
parallel to that muscle’s tendon. Note, for example, the
different structural arrangement of the levator scapu-
lae (a spiral arrangement of fibers), the infraspinatus
(three heads converging centrally in a tendon and
encased in a fascial envelope), and the deltoid muscle
(three heads converging distally in a tendon). When
viewed in this manner, you can begin to appreciate
that muscle function over a complex region such as the
shoulder is more than merely moving the insertion
toward the origin. What appears to be a simple con-
traction of a muscle results in unique consequences to
the various tissues the muscle interfaces with. A clini-
cian explores several of these examples when he
examines individual muscles of the shoulder. Nearly
every muscle in the shoulder girdle has a unique struc-
ture and muscle fiber orientation, suggesting a unique
contribution to the wide scope of motion potential
over a platform of stability.

The range of muscle contraction is dependent on
muscle fiber length. Simply put, a muscle with long
muscle fibers is designed for speed or excursion. This
does not necessarily mean that a joint moves “faster”
because it has muscles with long fibers associated with
it. The point at which the muscle attaches to the bony
lever and the manner in which the muscle-tendon unit
approaches the attachment ultimately determine the
speed at which the articulation moves, which is a much
different concept than the speed at which a muscle
shortens. Again, you see that the relationship between
the muscle and its tendinous endpoints helps deter-
mine this range of contraction. Longitudinally ori-
ented muscle fiber arrangements generate rapid
muscle shortening or speed, whereas obliquely ori-
ented muscle fibers, such as those arrangements that
occur with unipennate, bipennate, or multipennate
patterns, permit more muscle cells to be included in the
same volume, resulting in greater tension generating
ability but less potential for extensive excursions of the
bony levers. The potential force of muscle contraction
and the resultant range of motion are thus markedly
influenced by the fiber arrangement.

Tendinous Attachment to Bone

A second consideration that influences muscle func-
tion relates to the type of tendinous attachment of the
muscle to the bony levers, such as the humerus, scapula,
and clavicle. Several muscles of the shoulder girdle,
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Table 3-1. Characteristics of Muscle
Influencing Function

1. Structure of the muscle
2. Attachment of the muscle to the bony lever
3. Relationship of the muscle to the joint structure
4. Crossing relationships of muscles
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including the supraspinatus, infraspinatus, and teres
minor, blend together to form a conjoint tendon,
whereas other muscles, such as the long head of the
biceps brachii, direct their effect to the labrum via a sin-
gle robust tendon. Still others have a twisting or spiral
course as the muscle links the two bony ends. In several
key muscles of the shoulder complex, there is a twisting
and spiral course. These muscles include the intricate
trilaminar fiber arrangement of the pectoralis major
tendon, the latissimus dorsi tendon, the muscle fibers of
the levator scapulae, and the weaving of the muscle fibers
of the infraspinatus. No muscle acts in isolation. Rather, a
coordinated series of muscle contractions creates loads
on all tissues in the region throughout the range of
movement. Simply stated, the continuum of load trans-
ference between tissues results from muscle contraction.

Anatomical Relationship of Muscle
to Joint

In addition to the cross-sectional area of the mus-
cle, the fiber arrangement and orientation of the
muscle fibers as well as the location of the tendon
attachment in relation to the bony lever, influence the
types of loads to which the articulations are subject. The
differences in muscle fiber arrangement and tendinous
attachments ultimately allow for a wider range of possi-
bilities regarding the line of pull of the muscle, the speed
of bony lever movement, the muscle tension generated
over the related articulation, and the compression
between the joint surfaces. Thus the third biomechani-
cal and physiological consideration for each muscle is
the relationship that the contractile unit has to the joint
structures. When muscles act to stabilize and move the
arm, they generate forces that must be weakened by the
specialized connective tissues of the joint. These forces
are generally torque, compression, and shear.

Torque is the force that drives one of the bony
levers around an axis of motion, resulting in an arc of
motion by the bony lever. This arc of motion is typical
for the synovial joints of the body. Since the bony lever
is moving around an axis, the distance the muscle
attaches from this axis (the moment arm) determines
not only the speed at which the articulation moves, but
also the relative efficiency of the muscle acting to gen-
erate torque over that particular joint. Torque is
important to understand because the closer that a
muscle attaches to the axis of motion, the greater
potential range of motion for the bony levers. This
comes with an expense, however, of having a less than

optimal mechanical advantage. Conversely, if a mus-
cle is attached at a significant distance from the axis of
motion, it has an excellent mechanical advantage to
contribute to torque generation, but the speed at
which the bony levers move is lessened.

It is also important to remember that the axis of
motion is not fixed, but changes as movement occurs.
This is one of the difficulties in using resistance exer-
cise machines, which essentially have a fixed axis of
motion. Such machines are commonly used when
strengthening interventions are applied to the shoul-
der. Selectorized weight machines for muscles associ-
ated with the shoulder girdle, such as the lateral
shoulder raise, incline press, overhead press, shoulder
dip, elbow curl, and elbow extension machines, for
example, have a fixed axis of movement, which unfor-
tunately cannot be instantaneously aligned with the
moving axes of the shoulder girdle during the exercise.
When you align the axis of the glenohumeral joint
with such an exercise machine to start the exercise, the
instantaneous axis of motion for the glenohumeral
joint assumes different positions as the bony levers
move through a range, which results in misalignment
between the axis of the glenohumeral joint and the
axis of the exercise unit.

The articulations are also subjected to compressive
loads as the muscle contracts. Compression as it might
relate to joint structure refers to a force that is directed
toward the center of the joint or perpendicular to the
plane of the joint surface. Compressive loads can con-
tribute to joint stability over the various articulations
of the shoulder complex because such forces help seat
the humeral head into the glenoid socket or squeeze
the bones of the acromioclavicular or sternoclavicular
joint together, resulting in increased joint stability.

Muscle contraction can also result in compression
to subjacent tissues. When a muscle contracts, it
broadens, and the broadening effect can load an
underlying tissue in compression. For example, con-
traction of the serratus anterior muscle exerts a com-
pressive force to the underlying subscapular bursa.
Contraction of the latissimus dorsi muscle as it crosses
the inferior corner of the scapula “presses” the
scapula against the rib cage, which results in increased
scapulothoracic stability.

Shear forces are those forces parallel to the reference
joint surface that can result in a translation or sliding
of one bone on the joint surface. Shear forces chal-
lenge the specialized connective tissues of the synovial
joint because shear results in frictional loading, which
can contribute to erosion of the two joint surfaces that
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are in contact with each other. This is the case with the
superior surface of the rotator cuff tendons under the
coracoacromial arch, the humeral head over the gle-
noid labrum, or the undersurface (articular surface) of
the supraspinatus tendon over the posterosuperior
aspect of the glenoid rim.12,42

The line of force of muscle contraction can often
be resolved into component forces, which can then
be analyzed to understand their effects over the joint
structures (Figure 3-1). The combination of muscle
contractions about the joint generates the sum total
of forces, which ultimately determines the manner in
which associated structures are stressed. Uncoordi-
nated muscle action and muscle fatigue alter the
loading pattern of the tissues. This is problematic if
such loads exceed the physiological loading capacity
of the tissue (see Chapter 1). For example, in the
presence of damaged anterior glenohumeral liga-
ments, contraction of the pectoralis major can result
in excessive anterior translation of the humeral head
over the glenoid rim.

Crossing Relationship
of Overlapping Muscles

Finally, an important anatomical arrangement of
the shoulder girdle musculature that we describe and
discuss throughout this chapter is the overlapping or

crossing relationships of muscles that are in immedi-
ate proximity to each other, often with muscle fiber
orientations being 90 degrees perpendicular to each
other (Table 3-2). Our premise is that the crossing
relationship increases stability and strength in that
specific region, especially in regard to the develop-
ment of the exercise prescription for rehabilitation,
and therefore should represent the focus of
strengthening exercises. This suggestion, which we
couple with exploring the anatomical and biome-
chanical relationships between the shoulder girdle
and the trunk, constitutes the essential focus in the
development of strength training interventions. This
concept is continually referred to throughout this
chapter.

We describe the pertinent characteristics of struc-
ture, function, and clinical biomechanics for each
muscle in this chapter. This review of the musculature
allows you to gain different perspectives of the func-
tional anatomy of the shoulder complex, which we
will apply in the design of practical examination
methods that lead to the implementation of successful
interventions.

We group muscles and their relationships to sur-
rounding structures in six sections: 1) superficial
musculature, 2) scapular layer, 3) posterior scapular
layer, 4) subscapular region, 5) anterior shoulder,
and 6) abdominal musculature. A short list of repre-
sentative exercises is included with each section to
reinforce some of the actions that are inherent in the
different muscles described therein. Chapter 6
focuses on the setup and technique for such exer-
cises, as well as how they might be incorporated into
the scheme of rehabilitation for mechanical shoul-
der disorders.
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Muscle pull

Inferior
shear

Joint compression

Figure 3-1. The resultant force is a single force that is
the combination or sum effect of all forces directed to a
joint structure. Here we see the resultant force at the
glenohumeral joint at 45 degrees of abduction.

Table 3-2. Crossing Arrangements in
Muscles of the Shoulder Complex

1. Latissimus dorsi and serratus anterior, posterior and lateral
2. Latissimus dorsi and gluteus maximus, posterior and central
3. Serratus anterior across the abdominal wall bilaterally

(serape effect), anterior and central
4. Trapezius and rhomboids, posterior and superior
5. Pectoralis major bilaterally, anterior and superior
6. Long head of the triceps and the teres major across the

infraspinatus, posterior glenohumeral joint
7. Coracobrachialis across the short head of the biceps

brachii and the subscapularis, anterior glenohumeral joint
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THE SUPERFICIAL
MUSCULATURE

Three muscles are discussed in this section: 1) the
latissimus dorsi, 2) the teres major, and 3) the trapez-
ius. During dissection, the latissimus dorsi and trapezius
muscles are readily seen on removal of the skin and
superficial fat, whereas the teres major, although
superficial, is not as immediately apparent. The super-
ficial nature of each of these muscles can easily be
appreciated in the living body through direct palpa-
tion and observation of muscle lines during activity.

Latissimus Dorsi

The latissimus dorsi is a large and powerful extrin-
sic muscle of the shoulder girdle and superficial layer
of the back that contributes to the stability of the
lower thoracic and lumbar spine and has essential
roles in the function of the scapula and the gleno-
humeral joint. It is an extensive, broad, fan-shaped
muscle that exerts several distinct lines of force: infe-
rior and medial in relationship to the humerus, and
superior and lateral through the thoracolumbar fascia
relative to the lumbar spine and iliac crest. From its
extensive attachment to the iliac crest, thoracolumbar
fascia, and thoracic spinous processes, the muscle
courses toward the medial lip of the bicipital groove,
and as it approaches the humerus, the muscle tendon
complex spirals on itself approximately 180 degrees
(Figure 3-2). Here it blends with the teres major at its
insertion on the humerus and controls humeral
motion directly and shoulder girdle motion indirectly
from several different vantage points: the pelvis, the
thoracolumbar fascia, and the thoracic spine.

In addition, the course and attachments of the latis-
simus dorsi allow it to control the position and motion
of the scapula because of its superficial position to the
inferior border of the scapula. Contraction of the
latissimus dorsi results in compression of the scapula
on the rib cage.

When the superior border of the latissimus dorsi
muscle is lifted away from the rib cage, you can also
view the mechanical linkage it has with the serratus
anterior muscle. Figure 3-3, A and B, demonstrates
an inferior attachment of the serratus anterior to the
undersurface of the latissimus dorsi. Analyzing the
resultant forces of these two muscles suggests that
the latissimus dorsi is pulled against the rib cage and
over the inferior border of the scapula as a result of
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Figure 3-2. Observe the line of attachment of the latis-
simus dorsi muscle from the medial lip of the intertuber-
cular groove of the humerus to the thoracic spinous
processes (horizontal force line), to the thoracolumbar
fascia (oblique force line), and to the iliac crest (vertical
force line). Note how this muscle courses inferiorly, then
passes under the lower trapezius to reach the spinous
processes of the thoracic vertebrae, and finally fans out
obliquely to attach to the thoracolumbar fascia and iliac
crest to cover the entire posterior aspect to the trunk. 
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serratus anterior muscle contraction. This con-
tributes to forming a semirigid attachment from
which the serratus anterior can pull, and such a
mechanism also keeps the scapula compressed
against the rib cage.

The action of the latissimus dorsi over the humerus
is very powerful. It is a strong adductor, extensor, and
internal rotator of the humerus. As a result, the latis-
simus dorsi is a key muscle in the acceleration phase of
throwing. The acceleration phase, common in many
overhead sports, is considered the phase of throwing
during which the arm is propelled forward and a pow-
erful internal rotation motion occurs.20 Note that this
movement is also prevalent with overhead tennis serves
and volleyball spikes. The line of force of the muscle
also suggests that the glenohumeral joint has an infe-
rior shear force imparted to it as a result of the latis-
simus muscle contraction. Acting through the
glenohumeral joint, the latissimus dorsi depresses and
slightly retracts the scapulothoracic articulation, which
results in an inferior shear force at the acromioclavicu-
lar joint and downward rotation at the sternoclavicular
joint. Like most muscles in the neuromuscular system,
the latissimus dorsi generates its greatest force closer to
the midrange position, as seen when the arms are in a
flexed and abducted position.1 This muscle is especially
strong in diagonal motions such as adduction toward
the body and adduction and internal rotation, a com-
mon component of the proprioceptive neuromuscular
facilitation (PNF) diagonal.7

There are several crossing relationships among
muscles of the shoulder girdle complex that are
important to recognize (see Table 3-2). The first is the
latissimus dorsi’s crossing relationship with the gluteus
maximus muscle via the thoracolumbar fascia. The
latissimus dorsi tightens or pulls this fascia in a supe-
rior and lateral direction. The line of force of the right
latissimus dorsi, in conjunction with the inferior and
lateral pull on the contralateral side of the thora-
columbar fascia via the left gluteus maximus, forms
one line of an X. The latissimus dorsi and gluteus
maximus of the contralateral side form a second line
of the X (Figure 3-4). These four lines of pull intersect
over the lumbar spine, providing force generation that
crosses the midline. The crossing of these lines of
force represents an area of required strength and
therefore should represent a focus of exercise pre-
scription in the development of therapeutic exercise
interventions.

You can best understand the second crossing rela-
tionship involving the latissimus dorsi by viewing the
musculature in the sagittal plane from humerus to iliac
crest (Figure 3-5). From this vantage point the muscle
can be seen to connect the shoulder girdle to the pelvis
and form one arm of an X, with the serratus anterior
forming the second arm of this X. This muscle
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Latissimus dorsi

Serratus anteriorRight scapula
(inferior border)

B
Figure 3-3. A and B, The superior view of the right
latissimus dorsi has been lifted off the rib cage to show
its linkage to the serratus anterior muscle. This mechan-
ical linkage suggests one muscle working with another to
improve its mechanical advantage. Contraction of the
serratus anterior pulls the latissimus against the rib cage
and the inferior border of the scapula. 
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crossing is formed as a result of the latissimus dorsi
traveling from its attachment on the humerus in an
inferior and posterior direction and the serratus ante-
rior traveling from its attachment on the undersurface
of the scapula in an inferior and anterior direction (see
Figure 3-5). Again, analyzing the actions of muscles
that overlap in perpendicular directions forms the
basis for understanding the role of musculature in
antigravity postures and the importance of strength
for muscle groups contributing to such arrangements.

Teres Major

Even though they arise from different regions, sev-
eral of the actions of the teres major and latissimus
dorsi over the glenohumeral joint are similar because
of their nearly blended attachments to the humerus.
The teres major arises from the middle third of the
lateral surface of the scapula and the intermuscular
septa that separates the teres major from the teres
minor and courses laterally by spiraling upward to end
as a flat tendon that attaches to the medial lip of the
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Figure 3-4. The latissimus dorsi and gluteus max-
imus attachment to the thoracolumbar fascia illustrates
their crossing lines of force. This crossing relationship
of the muscles suggests the importance of focusing an
exercise program to target this and similar regions.

Figure 3-5. This sagittal view shows the relationship
between the inferior and posterior direction of the latis-
simus dorsi and the inferior and anterior direction of the
serratus anterior. The focus of therapeutic exercise must
be at the point where these opposite vectors cross. 
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bicipital groove. The tendons of the large teres major
and latissimus dorsi muscles typically intersect, which
results in the teres major lying just posterior to the
latissimus dorsi at the bicipital groove (Figure 3-6).
The tendons of these two muscles are separated by a
bursa, and their muscle bellies can be seen to unite for
a short period if they are followed proximally from
their attachments to the humerus.

The teres major is a stout, thick fusiform muscle,
implying exceptional tension generating ability and
strength potential. The actions of the teres major
over the humerus are adduction, extension, and inter-
nal rotation, and like those of the latissimus dorsi are
emphasized in the combined diagonal motion in PNF
patterns.

Note, however, that the scapula must be effectively
fixed in order for the teres major to transmit the force
of muscle contraction to the humerus. Exercises for the

teres major by definition require a strong, synchronous
contraction of scapular muscles such as the rhomboids
and trapezius that serves to fix the medial border of the
scapula and prevent it from being pulled laterally by
the contraction of the teres major. Always keep this in
mind when performing a shoulder adduction muscle
test on a patient. Weakness may not be due to an
impairment of the teres major but instead may arise
because of an inability of the scapular muscle to create
a stable platform from which the teres major can pull.

The spiraling structure of muscle is one in which
the inferiormost aspect of muscle twists on itself
enroute to its opposite attachment. What was the low-
est point of the muscle at the region of its “origin”
becomes the highest point at the region of the “inser-
tion,” or what was originally posterior now faces ante-
rior. The teres major attachment on the lower aspect
of the scapula becomes the superior attachment on
the humerus. This spiral structure of muscle is seen in
several other areas of the body, namely the teres major
and latissimus dorsi on the posterior shoulder, the pec-
toralis major on the anterior shoulder, the levator
scapulae at the medial aspect of the scapula and cer-
vical spine, the distal end of the biceps brachii, the
deep erector spinae of the low back, and the ham-
strings. Each of us can also see similar spiral structural
arrangements applied to the steel cables used in sus-
pension bridges and in the twisting of the strands of
rope. The spiral nature of such structures increases
their ability to reduce tension because as tensile
stresses are imparted to a spiral structure, the tensile
load also is attenuated via increased compressive load-
ing between the spiraled fibers. The individual fibers
of the muscle or steel in the twisted cables “squeeze”
together when the ends are pulled apart. A spiral
structure withstands greater tensile loads because it is
dissipating the force via compression and the fibers
become more packed together the greater the tensile
force. Spiraling creates an increased potential for tis-
sue strength. Muscles such as the teres major, latis-
simus dorsi, and pectoralis major are very strong
because of their cross-sectional area, as well as this
unique fiber orientation.

Exercises designed to strengthen the different mus-
cle groups are listed in Table 3-3 as a point of refer-
ence so you can begin to visualize them. Note that
many of the exercises for the teres major are also ones
that can be effectively used in the training of the latis-
simus dorsi.

Discussion in Chapter 6 focuses on exercise training
descriptions, illustrations, and prescriptions.
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Teres
major

Latissimus
dorsi

Latissimus
dorsi

Figure 3-6. The teres major muscle spirals or twists as
it travels superiorly and laterally from the middle third of
the lateral border of the scapula. It briefly unites with the
latissimus dorsi muscle, and the two course superiorly
and laterally toward their attachment. These muscles
eventually split to form separate tendons. The flat tendon
of the teres major attaches to the medial lip of the bicip-
ital groove just posterior to the latissimus dorsi. Although
their innervations are different, their functions at the
humerus are similar.
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Trapezius

The final muscle to be described in this superficial
layer is the trapezius muscle. This large, expansive mus-
cle with its superior, middle, and inferior heads covers
the upper back and has at its center a diamond-shaped
tendinous tissue often referred to as the trapezius aponeu-
rosis. The connective tissue of this thick aponeurosis
affords strength at the important cervicothoracic junc-
tion and acts as the base for the strong superior, hori-
zontal, and inferior pull of the muscle. The shape of
this aponeurosis also suggests that one of this muscle’s
main functions is to assist in the maintenance of a
retracted position of the scapula (Figure 3-7).

Close examination of all three portions of this
expansive muscle suggests that each region has differ-
ent fiber orientation and that the varying thickness of
the muscle points to histological differences. The
lower portion of the trapezius that courses from the
thoracic spinous processes to the medial border of the
scapula appears to be composed primarily of Type I
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Table 3-3. Exercises for the Superficial
Musculature

Latissimus and Teres Major

Wide angled pulldowns
One-armed bench rows
Seated cable rows
Bent over rows
Standing high cable rows
Seated dips (scapular depression)
Counter weighted dips and pull-ups
PNF diagonals (extension, adduction, internal rotation) 

against pulleys

Trapezius

Shrugs
Shrug with pre-positioning humerus in external rotation
Seated rows emphasizing scapular motion in retraction
Standing high and mid row emphasizing scapular motion in 

elevation and retraction
One-arm rows
Horizontal adduction on selectorized machines
Bilateral pulley horizontal adductions

Figure 3-7. The three heads of the trapezius muscle show its central tendinous aponeurosis. The
differences in structure between the upper, middle, and lower portions of the trapezius can also be
appreciated. The position of the aponeurosis suggests that it serves as the foundation for the back-
ward directed pull of the trapezius, helping to keep the scapula back toward retraction. (From
Porterfield JA, DeRosa C: Mechanical neck pain: perspectives in functional anatomy, Philadelphia, 1994,
WB Saunders.)

*PNF, Proprioceptive neuromuscular facilitation.
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fibers, whereas the upper portion reaching from the
occiput to the lateral portion of the clavicle has a
higher percentage of Type II fibers.24,25 This may sug-
gest that the lower portion of the trapezius is primarily
involved with the maintenance of a stable scapular
platform rather than being the primary muscle force
responsible for the generation of torque to the
scapula.21 By comparison, upper trapezius function is
primarily the generation of more dynamic, explosive,
or rapid movements.

If the upper portion of the trapezius reaches the
occiput (occasionally it does not), it is attached by a thin,
fibrous lamina to the medial third of the superior
nuchal line. Over the cervical spine it is attached to the
ligamentum nuchae and the spinous processes.52 These
muscle fibers typically angle inferiorly, laterally, and
anteriorly to reach the lateral third of the clavicle, the

acromion, and the spine of the scapula. This directly
corresponds to the same bony areas from which the del-
toid muscle originates. The primary actions of this por-
tion of the upper trapezius muscle are scapular
elevation and strong retraction. In order for the trape-
zius to exert its force over the scapula, the cervical spine
must be stabilized by the anterior neck flexors to allow
a fixed point of origin (Figure 3-8). By virtue of its cla-
vicular and acromion attachment, the upper trapezius,
like the anterior deltoid, is an extremely important sta-
bilizer of the acromioclavicular joint because these
muscles completely span the joint.26,50 The upper
trapezius muscle attachment allows the upper trapezius
to literally serve as a dynamic suspensory “cable” for the
upper extremity.

The middle trapezius is a much thicker portion of
the muscle when compared with the upper trapezius.
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Vector of
anterior
muscles

Upper
trapezius

Figure 3-8. The upper trapezius muscle
travels inferiorly, laterally, and anteriorly to
attach to the lateral aspect of the clavicle,
acromion, and the spine of the scapula, but to
exert its force over the scapula, the cervical
spine must be stabilized by the anterior mus-
cles of the neck. (From Porterfield JA, DeRosa
C: Mechanical neck pain: perspectives in functional
anatomy, Philadelphia, 1994, WB Saunders.)
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The fibers are laced with connective tissue as it courses
laterally from the spinous processes and the middle
portion of the trapezius aponeurosis toward the spine
of the scapula. Because of the inclination of the spine of
the scapula, the direction of pull is not oriented paral-
lel to the spine of the scapula. This is an important
point to remember when visualizing the scapula mov-
ing or fixated in varying degrees of upward or down-
ward rotation.

The coarse structure and the thick tendinous inser-
tion at the spine of the scapula and at its attachment
into the thickest portion of the aponeurosis suggest
strength and the importance of maintaining scapular
retraction. There is a direct relationship between the
forces at the glenohumeral joint, the forces at
suprahumeral space, and the position of the

scapula.19,41 Increasing and maintaining strength,
power, and endurance in this part of the upper back
is paramount to painless function and enhanced per-
formance of the shoulder girdle. Learning to move
the scapula irrespective of the humerus and visualiz-
ing the direction of muscle pull represent key consid-
erations in training the shoulder complex.

The lower portion of the trapezius is a long, thick
muscle, traveling inferior and medial from the spine of
the scapula and the fascia covering the infraspinatus
muscle to the thoracic spinous processes (Figure 3-9).
Because of the similarity of angles in the anatomical
position, the muscle fiber orientation of the lower
portion of the trapezius and the spine of the scapula
forms a nearly continuous line that begins at the
acromion and terminates in the lower thoracic
spine. The attachment of the trapezius to the spine
of the scapulae is very tendinous, which suggests the
convergence of significant forces. You can appreci-
ate this by viewing the deep surface of the lower
trapezius as it is reflected superiorly (Figure 3-10).

Keeping in mind that no muscle works in isolation
and that any motion of the scapula requires synergistic
muscle activity to stabilize the occiput, cervical spine,
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Trapezius
(undersurface)

Rhomboid X

Figure 3-9. The attachments of the lower trapezius
show how the muscle is also attached to the superficial
surface of the infraspinatus fascia. 

Figure 3-10. Note the deep surface of the trapezius in
this photograph of the thick tendinous attachments of
the lower trapezius to the spine of the scapula (marked
by the X).
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and thoracic spine, you will understand that the upper
fibers of the trapezius assist with elevation of the shoul-
der girdle, the middle fibers assist with retraction, and
the lower trapezius assists with depression. The three
heads of the trapezius muscle work in conjunction with
all other muscles that attach to the scapula to allow it
to serve as a stable but moving platform.

In addition to these actions, upward rotation of the
scapula occurs as a result of the combined activity of
the upper and lower trapezius and the serratus ante-
rior. Because the lower portion of the trapezius is
attached to the spine of the scapula and the upper
trapezius is attached to the lateral third of the clavicle
and acromion, the combined action of those two por-
tions of the trapezius contributes a force coupled to the
scapula that results in an upward rotary movement of
the scapula on the thorax. Note also that any move-
ment of the scapula results in motion at the

acromioclavicular and sternoclavicular joints (Figure 3-
11). Also the scapula is pivoted over the rib cage, with
the lower trapezius fixing the medial aspect of the
spine of the scapula and the upper trapezius pulling
upward on the acromion and the lateral aspect of the
clavicle. The middle trapezius works with the lower
trapezius to provide a strong stabilizing force by hold-
ing the scapula against the rib cage, which helps to cre-
ate a pivot point. In addition, the lower serratus
anterior contributes to scapular rotation especially dur-
ing the early phase of humeral elevation.8,49 This
upward rotation is essential for complete elevation of
the arm. Loss of any two of the four muscles consid-
ered critical for arm elevation, the trapezius, serratus
anterior, deltoid, or supraspinatus, renders it impossi-
ble to actively elevate the arm.23

Often the exercises of choice for the trapezius mus-
cles are shoulder shrugs against resistance. It must be
noted, however, that the upper trapezius has a greater
propensity toward type II fibers, implying more
dynamic rather than postural function. We typically
have the patient perform a more vertical motion of the
scapula initially and then gradually change the angle of
cervical and thoracic flexion during subsequent bouts
of the exercise. This, combined with the introduction
of slight external rotation of the humerus to encourage
the patient to retract the scapula, permits the recruit-
ment of different components of the upper and middle
trapezius muscles (see Table 3-3). Changing the angle
and direction of movement during resistance exercises
is advantageous because it directs the training effect
(strength, power, and endurance) to different compo-
nents of the desired muscle groups (see Chapter 6).

For patients with altered shoulder mechanics and
impingement problems, strong shrugging exercises
may compound their shoulder problem. Better toler-
ated exercises might include those that strengthen and
increase the endurance capabilities of the lower and
middle trapezius, such as strong scapular retraction
combined with extension and external rotation of the
glenohumeral joint using free weights, mid-rows
against resistance, standing pulls from a power rack,
and the classic “clean” component of the clean and
jerk weightlifting maneuver.

THE SCAPULAR LAYER

We define the scapular layer as the levator scapulae,
rhomboid major, rhomboid minor, and serratus ante-
rior muscles. All of these muscles converge on the
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Trapezius

Figure 3-11. The synchronous action of the upper
trapezius as it pulls up and back on the distal ¹⁄₃ of the
clavicle and acromion, and the inferior and medial pull
of the lower trapezius at the medial aspect of the spine
of the scapula, create an upward rotation of the
scapula.
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medial border of the scapula. Each of these muscles
plays key roles in scapular mobility and stability, and
an increased knowledge of their roles results in greater
attention toward them when designing therapeutic
interventions for shoulder disorders.22,30,38

Levator Scapulae

The levator scapulae muscle, a muscle with a sur-
prisingly large cross-sectional area, attaches at the
superior medial corner of the scapula, and from this
broad, thick attachment it courses superior and medial
to attach to the first three or four cervical transverse
processes. The cross-sectional area of this muscle is
actually greater than that of the upper trapezius,

which implies significant tension generating ability.
The twisting of the muscle as it spirals up from the
medial border of the scapula toward the transverse
processes results in fibers that attach to the inferior-
most aspect of the vertebral border of the scapula and
insert on the superiormost cervical transverse
processes. Conversely, the superiormost attachment of
the levator scapulae to the top of the superior medial
border of the scapula attaches to the lowest cervical
transverse processes (Figure 3-12). Similar to the struc-
ture of a braided rope, as the musculotendinous unit
twists, it can withstand a greater tensile load as it
stabilizes and elevates the scapula.

The levator scapulae muscle elevates the scapula and
provides strong stability to the cervical spine. Indeed, its
cross-sectional area and spiral nature suggests that it is
quite effective in carrying out these actions. In addition,
it fixes the superomedial corner of the scapula, which
allows the lower portion of the serratus anterior to
strongly and upwardly rotate the scapula.32

Like many muscles of the shoulder girdle, the leva-
tor scapulae is attached to moveable segments at both
ends of the muscle, in this case, the scapula and the
cervical spine. For motion to occur, one of the movable
attachments must become stabilized. Elevation of the
left scapula via the left levator scapulae muscle, for
example, results in backward bending, left rotation,
and left side bending forces being placed over the cer-
vical spine as a result of levator scapulae activity. The
clinician must consider this when exercising the shoul-
der girdle when injuries or degenerative changes are
present in the cervical spine, especially if the scapu-
lothoracic muscles are exercised against resistance. The
neck may need to be prepositioned in order to prepare
partial unloading of injured tissues in that region.

Tenderness to palpation over the superomedial
region of the scapula is common in the examination of
patients with neck pain or rotator cuff injuries.
Because the levator scapulae is oriented to dynami-
cally check anterior shear of the cervical spine, the
tenderness over the superomedial aspect of the
scapula may be the result of reflex muscle guarding
and increased, prolonged muscle activity. This muscle
guarding occurs because the cervical spine is unable to
tolerate the anterior shear stress that occurs as a result
of gravitational force over the cervical lordosis.

This same corner of the scapula is often a source of
pain in patients with rotator cuff injuries. The supero-
medial corner of the scapula is the juncture of the
scapular attachment of the levator scapulae and the
medial end of the supraspinatus. Pain with palpation
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Levator
scapulae

Figure 3-12. Note the attachments of the levator
scapulae as they travel superior from the vertebral border
of the scapulae and “twist” to attach to the transverse
processes of C1 to C4. Recognize that contraction of this
muscle creates forces to both mobile attachments, which
makes stabilizing one attachment before moving the
other an important teaching point during exercise
instruction.
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over the medial border of the scapula may be referred
from the degenerative changes of or injury to the
supraspinatus muscle, or it may be a phenomenon
associated with the anatomical linkage between the
inferior aspect of the levator scapulae muscle and the
medial aspect of the supraspinatus muscle.

Obviously, the levator scapulae muscle has no direct
attachment to the humerus. Its action over the scapula,
however, ultimately affects the mechanics and loads to
the glenohumeral joint. For example, if we sit with the
trunk slumped in a forward head, rounded shoulder
posture and then attempt to elevate our arms, less
humeral elevation is possible when compared with for-
ward elevation of the arm with the scapulae in a slightly
elevated and retracted position (Figure 3-13). Given a

retracted scapula, the range of arm elevation is greater
and the compressive loading of the suprahumeral
region is minimized. When the scapula is protracted
and elevated as in a forward head posture, the range is
less and the force to the anterior shoulder progressively
increases to endrange. The important point here is that
scapular position affects the compression and shear
forces generated in the articulation of the shoulder
complex. As discussed in Chapter 1, supporting struc-
tures break down by either a rapid endrange movement
or a gradual, progressive overload. Teaching the patient
with a shoulder compression or shear problem to
refrain from allowing the scapula to migrate forward
during activity is an important consideration in rehabil-
itation programs for the injured shoulder.

The Rhomboids: Major and Minor

The next muscles we consider in the scapular layer
are the rhomboid major and rhomboid minor. These
companion muscles travel superior and medial from
the vertebral border of the scapula to attach to the
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Rhomboid
minor

Rhomboid
major

Figure 3-13. An example of the changes in active
humeral forward elevation with different positions of the
scapula. A, Notice the less active humeral forward eleva-
tion with the scapula in a protracted position. B, An
unimpeded humeral forward elevation occurs with a
retracted scapula.

Figure 3-14. The rhomboid major and rhomboid
minor muscles travel inferior and lateral to attach to the
vertebral border of the scapulae. The muscles do not fea-
ture the connective tissue matrix found in muscles like
the middle trapezius and the latissimus dorsi, which have
greater force capabilities. These muscles remain tendi-
nous as they reach the vertebral border of the scapulae,
where they blend into the serratus anterior. The rhom-
boid minor lies just caudal to the levator scapulae. The
rhomboid major is larger but remains flat and tendinous
at its attachment to the spinous processes (T2 to T5).
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spinous processes of the thoracic spine (T2-5 and
C7/T1 levels, respectively) (Figure 3-14). The rhom-
boid minor attaches to the vertebral border of the
scapulae just caudal to the levator scapulae, whereas
the rhomboid major covers the entire vertebral border
of the scapula.

The rhomboid muscles are quite tendinous and flat
at their attachments to the spinous processes and then
become thicker as they course toward the scapula. At
the medial border of the scapula they blend with the
serratus anterior. The serratus anterior then courses
anteriorly and inferiorly from this medial scapular
attachment to encircle the thoracic cage and ulti-
mately end over the anterolateral abdominal wall. We
describe the relationship of the rhomboids and the
serratus anterior further in the next section.

The most inferior attachment of the rhomboid
major is at the inferior border of the scapulae, where
the muscle is thick and quite tendinous. The rhom-
boid major is one of several muscles converging to this
bony region on the scapula. The primary concentric
muscle activity of the rhomboids is scapular retrac-
tion, and because of their inferior inclination from the
spinous processes, they contribute slightly to down-
ward rotation and elevation of the scapula. During the
acceleration phase of overhead sports in which the
arm is propelled forward and accompanied by strong
internal rotation, the rhomboids contract eccentrically
to control the rate at which the scapula moves laterally
from the spinous processes and around the rib cage.6

The fiber orientation of the rhomboid major and
lower trapezius provides another example of a cross-
ing (X) relationship of muscles. This overlap of per-
pendicular fibers, the inferior and laterally directed
rhomboid major and the inferior and medially
directed lower trapezius, occurs in the space between
the vertebral border of the scapula and the spinous
processes (Figure 3-15, A and B). Rowing exercises are
considered one of the most effective types of exercises
for strengthening the rhomboids.29 As mentioned pre-
viously, give primary consideration in strengthening
programs to muscles oriented in this manner. Table 3-
4 lists several exercises that focus on this important
scapular layer of muscles.

Serratus Anterior

We describe the serratus anterior muscle last in this
scapular layer. From its attachment to the entire
vertebral border of the ventral surface of the scapula,
the serratus anterior travels anteriorly and inferiorly to
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X

Figure 3-15. A and B, The crossing relationship of the
lower trapezius and the rhomboid major suggests the
importance of stability and strength and represents a
focus for strengthening exercises. In view A, the inferior
border of the left scapula is marked by the X.
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attach to the first 10 ribs via a series of muscular inter-
digitations. The lower four interdigitations converge
fanlike to blend with the muscular interdigitations of
the external abdominal oblique.52

The attachment of the serratus anterior at the ver-
tebral border of the scapula is also continuous with
the rhomboid major and minor muscles. At the verte-
bral border of the scapula, the rhomboid groups, the
levator scapulae, and the serratus anterior are devoid
of the typical tendinous attachment, but instead, the
thick muscle bellies of the rhomboids and levator
scapulae converge to blend with the extensive muscu-
lature of the serratus anterior.

At the inferior border of the scapula, the serratus
anterior has a thickened accumulation of connective
tissue, suggesting that significant muscle forces are
generated in this region (Figure 3-16, A and B). This
tendinous convergence over the inferior border of the
scapulae is an amalgamation of four specific tissues:
the inferiormost aspect of the rhomboid major, the
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Table 3-4. Exercises for the Scapular Layer

Levator Scapulae

Shrugs: standing straight and slightly forward bent
Low rows: one foot forward, emphasis on scapular elevation 

and retraction

Rhomboids

Pull-ups: counter weighted
High rows with a rope
Seated rows with flexed starting position
Standing resisted trunk extensions starting with scapular pro-

traction: lift with head first and shrug and retract at end of
range

Serratus Anterior

Push-ups (wall, floor, bench, gymnastic ball) emphasizing 
scapular protraction

Bench, dumbbell, cable presses
Pulley protractions
Supine pullovers
Overhead presses
Supine flys
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Figure 3-16. A and B, The inferior border of the scapula shows the thickness of tendinous tissue
caused by the convergence of four tissues: the inferiormost aspect of the rhomboid major, the serra-
tus anterior, the fascia of the infraspinatus, and the teres major.

Rhomboid
major

Infraspinatus
fascia

Teres
major

Serratus
anterior

Rhomboid minor/major

Supraspinatus

Infraspinatus

Teres minor

Serratus
anterior
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serratus anterior, the fascia of the infraspinatus, and
the teres major. The latissimus dorsi lies superficial to
this intersection of tissues as it courses medially from
the humerus toward the spinous processes of the tho-
racic vertebrae.

The posterior and inferior aspect of the serratus ante-
rior also attaches to the undersurface of the latissimus
dorsi muscle (see Figure 3-3). The latissimus dorsi thus
serves as a dynamically stable base from which the
serratus anterior can pull. One of the advantages of
such an arrangement is to extend or broaden the attach-
ment of the serratus anterior. This suggests that as this
portion of the serratus anterior contracts, it pulls the
latissimus dorsi down against the rib cage and over the
inferior border of the scapula, creating a compressive,

stabilizing force to the scapula. The result of such com-
plex activity of the serratus anterior is that it works to
stabilize the scapula, as well as contribute in guiding
scapular movement during pushing or pulling activities.
Exercises such as supine protraction, push-ups, wall push-
ups, and cable crossover emphasizing humeral adduction
and scapular protraction emphasize this function because
they concentrate on moving the scapula irrespective of
the humerus (see Table 3-4 and Chapter 6).

The serratus courses anteriorly around the rib cage
to attach to the ribs and interdigitates with the external
oblique muscle. The fiber line of the external oblique
then becomes continuous with the internal oblique and
adductor muscles of the thigh on the contralateral side.
This has been referred to as the “serape effect.”27 A
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A B C
Figure 3-17. A, Note the continuous flow of muscles from the neck and thoracic spine via the lev-
ator scapulae and rhomboid major to the serratus anterior that interdigitates with the external
oblique and illustrates the “serape effect.” The external oblique muscle fiber line can be followed to
the contralateral side toward the iliac crest. B, The lower aspect of the serratus–external oblique
linkage can be tracked below the umbilicus toward the contralateral femoral adductors. Coming
from both sides as a wrap of muscle (the serape effect), muscular contribution to the antigravity pos-
ture is ensured. C, This view emphasizes the muscle fiber line from the levator scapulae toward the
contralateral lower extremity.
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serape refers to a brightly colored woolen blanket, which
was used as an outer garment by men in Hispanic cul-
tures. The significance is not the cloak itself, but rather
the way in which it is draped around the shoulders and
across the front of the body. This shape is similar to the
orientation of these muscles, anatomically linking the
neck, thoracic spine, and shoulder girdle to the pelvis
and legs (Figure 3-17, A-C ).

We describe the serape of muscles as follows:

A. The levator scapulae travels inferiorly and posteri-
orly to the superior medial border of the scapula,
where it merges with the upper serratus anterior
on the undersurface of the scapula.

B. The rhomboid major and minor anchor the scapula
to the spine from the cervicothoracic junction and
upper thoracic spinous process; these muscles merge
with the serratus anterior at the vertebral border of
the scapula, and the serratus anterior then blends
with the external oblique, which results in the exter-
nal oblique being:
● Oriented along the same line of muscle fiber

direction as the contralateral internal oblique and
iliac crest

● Aligned across the midline below the umbilicus,
with the contralateral femoral adductors termi-
nating into the femur

The blending of the levator scapulae and rhomboids
into the serratus anterior can be seen in Figure 3-18,
where the medial costal surface of the scapula serves as
a bony transition between the muscles. The mainte-
nance of the strength, power, and endurance of these
muscles plays a significant role in the maintenance of
the erect antigravity posture, which is important in
controlling loading and function of the base of the
neck and the low back and at the suprahumeral space
in the shoulder (Figure 3-19).

Patients with impingement symptoms may demon-
strate altered scapular mechanics.49 Electromyo-
graphic studies suggest that decreased muscle activity
in the serratus anterior and increased activity in the
upper and lower trapezius above 90 degrees of
humeral flexion may contribute to impingement syn-
drome and increased glenohumeral forces.28

Underloaded conditions, and increased anterior tip-
ping of the scapula above 90 degrees may also con-
tribute to increased compression to the suprahumeral
tissues at the subacromial space.35

Scapulohumeral rhythm (see Chapter 4) varies
depending on the arm position, the plane of move-
ment, whether the motion is resisted or unresisted,
and the integrity of the glenohumeral capsule.
Scapular rotators provide an example of the impor-
tant force couples that control motion and position of
the scapula on the thorax. The serratus anterior gen-
erates a downward pull of the scapula toward the
axilla, the upper trapezius pulls upward on the
scapula toward the occiput, and the lower trapezius
pulls downward on the scapula toward the lumbar
spine (Figure 3-20).

THE POSTERIOR SCAPULAR
LAYER

Muscles of this group attach the humerus to the
scapula. They are thick and fibrous muscles built for
power, and they work together with muscles outside
this layer to stabilize the position of the humeral head.
The muscles described in this section are the infra-
spinatus, teres minor, supraspinatus, deltoid, and the
long head of the triceps.
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Rhomboid
Serratus
anterior

Subscapular
bursa

Figure 3-18. When the rhomboids and scapula are
reflected, the costal surface of the scapula is visualized
blending the rhomboids with the serratus anterior. Note
the lack of tendinous tissue where these tissues blend into
one another, suggesting a mechanical linkage between
the associated groups, and also the size of the subscapu-
lar bursa. 
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Infraspinatus

The infraspinatus is a thick, triangular-shaped mus-
cle consisting of superior, middle, and inferior heads
that fill the infraspinous fossa of the scapula. At
approximately the middle region of the muscle, a
fibrous tendon centralizes and directs the pull of the

three heads of the infraspinatus muscle (Figure 3-21).
The three heads join to wrap around the posterior
aspect of the head of the humerus and then blend into
the superior and posterior aspect of the glenohumeral
joint capsule.

The superior head of the infraspinatus muscle
attaches to the upper and medial vertebral border of the
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Figure 3-19. Round shoulder and forward head posture place increased stress on three main
areas: the base of the neck, the lumbosacral junction, and the suprahumeral space. All are
affected by a loss of strength of the musculature that stabilizes the antigravity posture. (From
Porterfield JA, DeRosa C: Mechanical neck pain: perspectives in functional anatomy, Philadelphia, 1994,
WB Saunders.)
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infraspinous fossa and to the inferior surface of the spine
of the scapula. These fibers travel laterally to contribute
to the formation of a broad, flat tendon that attaches to
the posterior and superior aspect of the greater tubercle
of the humerus. The middle head is more fan shaped
and terminates primarily into the central thickened ten-
don. The inferior head of the infraspinatus muscle is
attached to the inferior border of the scapula, and its
fibers are directed toward the central thickening. It too
converges into the flat tendon that wraps around the
posterior and superior aspect of the head of the
humerus. This characteristic attachment of the muscle
to the humeral head allows it to contribute to gleno-
humeral stability in a unique manner. Because of the
manner in which the infraspinatus tendon wraps
around the head of the humerus, it serves as a passive
connective tissue restraint to posterior subluxation and
a dynamic restraint to anterior subluxation of the
humeral head on the glenoid.

The dynamic restraint to anterior translation of the
humeral head is especially important to consider. In
the presence of anterior glenohumeral joint instability,

attention is often paid to the strength and mass of the
anterior glenohumeral muscles. It is the infraspinatus
muscle, however, with its unique attachment method
of wrapping around the head of the humerus, cou-
pled with its interplay with its investing fascia,that
plays a greater role in the dynamic restraint to anterior
subluxation.4

The infraspinatus muscle has a greater cross-
sectional area than is commonly appreciated
(Figure 3-22, A and B). This suggests the muscle’s
importance in generating the forces required to center
the humeral head and assist in checking the forward
and superior migration of the head of the humerus. It
is also covered by the dense infraspinatus fascia, which
serves as an anchor for the muscle to attach to, aug-
menting the mechanics of this important muscle (see
Figure 3-22). Fascial coverings are typically strategi-
cally placed in areas where control and stability are
essential. The thoracolumbar fascia, the fascia lata in
our thighs, and the abdominal fascia are examples of
key fascial units in the body that encase muscles and
provide them a place to attach. Thus contraction of
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Figure 3-20. Note the high
degree of scapular mobility on the
thorax and the musculature that
must work in concert synergisti-
cally to permit smooth and timely
motion. Also, recognize that the
loads and forces generated to the
glenohumeral joint vary depend-
ing on the position of the scapula.

DVD

DVD

W9272-03.qxd  8/25/03  2:26 PM  Page 66



muscles attached to the fascia increase fascial tension
and muscles contracting within the fascial envelope
also increase tension via the broadening effect of the
muscle’s contraction. These musculofascial relation-
ships protect areas of the skeleton that are particularly
vulnerable to overuse.

Muscles contained within a fascial covering use the
tight fascial covering to improve the mechanical
advantage of the contraction. As the muscle contracts
within the fascial covering, it pushes against the inner
walls, which immediately directs tensile forces through
the tendon to the bone. A system with these mechan-
ics loses its efficiency as the muscle atrophies. The loss
of mass of the infraspinatus muscle, either by aging or
injury, decreases the efficiency at which the muscle
works to appropriately direct the force of muscle con-
traction to the skeleton. When this atrophy is coupled
with muscular fatigue, the muscular contribution to
posture and movement is even further compromised.
In the case of the infraspinatus muscle, the ability to
strongly center the head of the humerus on the

glenoid may be compromised and result in compres-
sion of the suprahumeral tissues between the head of
the humerus and coracoacromial arch.

At the glenohumeral joint the infraspinatus muscle
functions with the other rotator cuff muscles to center
the head of the humerus into the glenoid.36 The
supraspinatus muscle is very important because it is
the only muscle that is more active than the infra-
spinatus muscle in shoulder motions.32 Acting alone,
the infraspinatus becomes an external rotator and
humeral head depressor creating a posterior and infe-
rior shear of the humerus on the glenoid. The infra-
spinatus is also one of the primary decelerators of the
throwing arm. This deceleration function is often one
of the reasons for breakdown on the undersurface
(articular surface) of the infraspinatus tendon. The
tensile stress imparted to the tendon during decelera-
tion, coupled with the frictional force of the tendon
over the rim of the glenoid, renders the tendon vul-
nerable to disruption of its fibers.37 In addition, there
is an extreme distraction force between the humerus
and the glenoid near the instant of ball release in
throwing and throughout the deceleration phase. This
distraction is resisted by the strong eccentric contrac-
tion of the infraspinatus and renders this muscle
susceptible to tensile overload.51

Like most muscles associated with the shoulder
complex, as the position of the humerus changes, the
function of the muscle changes. For example, as
the humerus is elevated to 120 degrees in the scaption
plane, the infraspinatus muscle is now best aligned to
exert an active compressive force between the head of
the humerus and the glenoid fossa along with the
combined motion of horizontal abduction and exter-
nal rotation. This is an optimal position to consider
using when designing resistance exercises for the infra-
spinatus muscle. When the arm is at the side, the infra-
spinatus muscle fibers are more aligned to produce
posterior translation, inferior translation, and lateral
rotation of the humerus on the glenoid. Even though
this is often the position to begin external rotation
exercises in postsurgical conditions of the shoulder, it
is not the position that optimally aligns the fibers of
the infraspinatus muscle.

Teres Minor

The teres minor muscle is slightly fusiform in shape
and attaches to the lateral border of the scapula just
below the inferior head of the infraspinatus. Because
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Infraspinatus
(superior head)

Infraspinatus
(inferior head)

Infraspinatus
(middle head)

Figure 3-21. The infraspinatus muscle has three heads:
superior, middle, and inferior. Note the central tendon
that serves as an attachment of the angled fibers of the
superior and inferior heads and as a tendon of the fan
shaped middle head. These three heads terminate into a
flat tendon that covers the posterior aspect of the head of
the humerus.
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of its location, the narrow medial attachment is also
attached to the infraspinatus fascia. From these points
it courses laterally and flattens as it attaches to the
head and neck of the humerus (Figure 3-23, A and B).
It spreads to cover the inferior extent of the posterior
glenohumeral joint capsule. Although supplied with a
different peripheral nerve (the axillary nerve) than the
infraspinatus muscle (suprascapular nerve), its unop-
posed actions are similar: to depress and externally
rotate the humerus. The muscle also functions with its
anterior counterparts to center the head of the
humerus in the glenoid. Acting eccentrically, the teres
minor serves to decelerate the humerus during throw-
ing activities and stabilizes the head of the humerus
against anterior subluxation.

Supraspinatus

The supraspinatus muscle arises from the supra-
spinous fossa and supraspinatus fascia. Although the
medial attachment is thin, owing to the decreased
depth of the medial aspect of the supraspinous
fossa, the muscle becomes thicker as it travels later-
ally below the acromion.16 In this region the muscle

gives rise to a flat tendon that attaches to the supe-
rior facet of the greater tubercle of the humerus and
blends with the capsule of the glenohumeral joint.
The coracoacromial ligament lies anterior to the
supraspinatus tendon, and the infraspinatus muscle
tendon lies posterior.

Three different muscular heads, structured like a
braided rope, can be seen on close inspection (Figure
3-24). The anterior head travels posteriorly, the middle
head directly laterally, and the posterior head, which
arises from the spine of the scapula, courses anteriorly,
forming a type of helical weave. The tendon of the
posterior head, thinner in cross section compared with
the middle and anterior sections, overlaps the tendon
of the anterior head. The intertwining of the anterior,
middle, and posterior heads of the muscle results in an
enhanced ability to dilute tensile stresses. The tensile
capabilities are such that the posterior fibers are the
weakest whereas the anterior are the strongest and
most elastic.16 The primary roles of this muscle are to
initiate and contribute to glenohumeral abduction and
to increase compression between the head of the
humerus and the glenoid. It is the most active of any
of the rotator cuff muscles and is involved with any
motion that elevates the arm.15

68 MUSCULATURE OF THE SHOULDER COMPLEX

Humerus

Humerus

Infraspinatus

Infraspinatus

Scapula
Tendon

Scapula

Tendon

MUSCLE AT REST

CONCENTRIC CONTRACTION

Fascia

Infraspinatus

Figure 3-22. A, A cross section of the infraspinatus shows how it is contained within the infraspina-
tus fascia. Note how the fascia blends into the conjoint tendon and the posterior musculature. B, As this
muscle concentrically contracts, it broadens and becomes thicker, which creates tension to the fascia.
This tension increases and augments a posterior and inferior pull of the muscle to its tendon.
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The supraspinatus, infraspinatus, and teres minor
muscles together form an expansive, domelike tendon
that blends directly into the joint capsule covering the
superior and posterior aspect of the head of the
humerus.2,43,45 The actions of these three muscles, in
concert with the subscapularis muscle, center and
stabilize the head of the humerus in the glenoid by
counterbalancing the superior directed force the del-
toid has on the humerus during elevation and check
translations of the head of the humerus that might
occur when other muscles attached to the humerus
contract. For example, contraction of the latissimus
dorsi would pull the head of the humerus inferiorly
and posteriorly, whereas contraction of the ster-
nocostal portion of the pectoralis major would pull the
head of the humerus inferiorly and anteriorly. In order
for these muscles to carry out their actions, the
humeral head must be fixated in the glenoid socket via
these rotator cuff muscles. The infraspinatus and teres
minor also function to pull the head of the humerus
inferiorly, away from the acromion and coracoacro-
mial ligament (suprahumeral hood) (Figure 3-25).

Within the glenohumeral joint capsule, the long
head of the biceps brachii is positioned between the
supraspinatus and subscapularis tendons. This route
across the top of the head of the humerus allows it to
contribute to stabilization of the humeral head with
the rotator cuff (Figure 3-26).  Because of its location,
however, the biceps tendon, like the adjacent
supraspinatus tendon, is often involved in impinge-
ment syndromes in the shoulder.40

The intricate arrangement of converging tendons
and capsular tissue of the glenohumeral joint con-
tributes to control of the relationship between the
head of the humerus and glenoid throughout all
ranges of motion (Figure 3-27). The microscopic
anatomy of this conjoint tendon is just as complex.
Clark and colleagues have described five microscopic
layers of this conjoint tendon, which essentially fills
the suprahumeral space (Figure 3-28).5 The most
superficial layer is primarily ligamentous tissue of the
acromioclavicular ligament. The second layer consists
of closely packed tendinous tissue that connects the
muscle belly to the bone. Layer three of the rotator
cuff tendon is also composed of tendinous tissue made
up of smaller fascicles. The fiber orientation of this
layer is less compactly arranged. Layer four is com-
posed of collagen fibers in loose connective tissues that
run perpendicular to one another. This layer incorpo-
rates the deep portion of the coracohumeral ligament.
The fifth and deepest layer of the rotator cuff tendon
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Figure 3-23. A and B, A posterior view of the attach-
ments of the infraspinatus and teres minor to the head of
the humerus shows the absence of a distinct separation
between the tendons. Instead the tendons blend together
to unite with the joint capsule and to cover the posterior
aspect of the humerus.
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is randomly organized capsular tissue surrounding the
glenohumeral joint.

The superficial (bursal) surface of the tendons is thus
different from the deep (articular) surface.9,10,31,48

Aging of the tendons is progressive, is characterized by
decreased cellularity and vascularity, and typically is
seen on the undersurface of the cuff tendons first.44 As
the tendon ages, the articular portion of the tendon
becomes more rigid and granular and less vascular.
Tears to the tendon can either be on the articular side
or spread through the midsubstance to the bursal side.
Tears are also seen on the bursal surface alone (Figure
3-29, A-C ). The articular side of the supraspinatus ten-
don is more susceptible to mechanical failure than the
bursal or midsubstance portions, with partial thickness
tears on the joint side being very common. Tears of the
rotator cuff tendon are often classified as small (less
than 1 cm), containing only the supraspinatus tendon,

to massive (greater than 5 cm), which include the
supraspinatus, infraspinatus, and subscapularis tendons
(Figure 3-30, A-D).14

Partial and full thickness tears are commonly seen as
a result of athletic and work activities that involve
repetitive overhead motions and contact sports.3,46

Rotator cuff injuries lead to glenohumeral instability
and are contributing factors to impingement syn-
dromes. Prolonged and progressively increased pres-
sure weakens the connective tissues of the coraco-
acromial arch, stiffens the coracoacromial ligament,
causes traction spurs to form on the acromion and
coracoid processes, and weakens the cuff tendons,
resulting in decreased tissue tolerance.48 The soft tis-
sues of the coracoacromial arch (see Chapter 4) pro-
vide some force attenuation abilities; however, the
changes seen at the undersurface of the acromion and
the thickening of the coracoacromial ligament suggest
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Figure 3-24. A superior view of the supraspinatus muscle shows the different fiber orientations of
the anterior, middle, and posterior portions of the muscle.
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that this area is a focus of compression in the gleno-
humeral joint, thus illustrating the crucial role the cuff
tendons play in the centralization of the humeral head
in any position.

Instability of the glenohumeral joint is also associ-
ated with tears of the rotator cuff tendons. Aberrant
motions of the humerus on the glenoid occur as a result
of rotator cuff muscle and tendon failure. As in any
synovial joint, aberrant motion resulting from injury to
supporting structures of the joint predispose the articu-
lation to overload and possible early degeneration.

It is important to remember that degeneration of
the rotator cuff tendons is primarily a function of age.9
Furthermore, because of the wide range of shoulder
motion, continual friction between the undersurface
of the tendon and the glenoid rim, and the

hypovascularity of the rotator cuff tendons, lesions of
the cuff tendons do not heal spontaneously.54 This
highlights the importance of maintaining muscu-
loskeletal health and strength, particularly in those
muscles focused over the thoracic spine, trunk, and
scapula that maintain our erect posture. Table 3-5 lists
several key exercises used in maximizing shoulder func-
tion, including those with a strengthening effect to the
rotator cuff. Historically, exercise for the supraspinatus
was prescribed with the arm in the thumb down
(“empty can”) position. Placing the glenohumeral joint
in this position and then performing resistance exer-
cises significantly compromises the tendon and places
the supraspinatus at further risk.17 We encourage all
overhead resistance exercises to be performed with the
humerus in the laterally rotated position.

Deltoid

The thick, triangular-shaped deltoid muscle has
three heads: anterior, middle, and posterior (Figure
3-31). The anterior, attaching to the lateral third of
the clavicle, and the posterior, which attaches to the
spine of the scapula, are essentially parallel to each
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Supraspinatus

Infraspinatus

Subscapularis

Biceps
tendon

Figure 3-25. The downward pull of the infraspinatus
and teres minor muscles can be seen as the humerus is
abducted. Without this balance of forces, the chances of
excessive compression forces between the head of the
humerus and the acromion and coracoacromial ligament
are high. (Modified from Kapandji IA: The physiology of
the joints: annotated diagrams of the mechanics of the human
joints, New York, 1982, Churchill Livingstone.)

Figure 3-26. Note the route of the long head of the
biceps tendon as it passes over the head of the humerus
and blends with the conjoint tendon of the supraspinatus
and infraspinatus muscles.
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other and cover the front and back of the shoulder.
The middle deltoid is actually composed of four sep-
arated multipennate, coarsely structured sections
traveling inferior from the acromion. It joins with the
anterior and posterior heads to attach via a short

tendon to the deltoid tuberosity on the lateral distal
humerus. The three heads of the deltoid check the
inferior migration of the humeral head on the gle-
noid. Other muscles assisting the deltoid in this func-
tion include the long head of the triceps,
coracobrachialis, and short head of the biceps
brachii. The anterior deltoid is a strong sagittal plane
elevator and internal rotator of the humerus, the
middle deltoid a frontal plane elevator (abductor) of
the humerus. The posterior deltoid extends, hyperex-
tends (being the only muscle with this capability), and
externally rotates the humerus.

Figure 3-32 illustrates a horizontal section that
demonstrates the differences in structure between the
anterior and posterior deltoid. Note the difference in
mass between the anterior muscles, such as the ante-
rior deltoid and pectoralis major, and the posterior
deltoid and scapular muscles. The posterior muscles
are quite substantial by comparison, which suggests
the importance of emphasizing the posterior muscula-
ture in exercise programs. Exercises emphasizing
pulling up and back, and down and back without
exacerbating shoulder pain, and learning (teaching) to
appropriately direct the force of the exercise toward
the intended musculature are essential in designing
exercises for the shoulder.

The deltoid tuberosity, serving as the point of
humeral attachment, lies approximately halfway down
the lateral shaft of the humerus. When the line of
muscle pull is analyzed from the acromial end to the
humeral end, we can see that the action of the muscle
over the lever of the humerus is dependent on the
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Figure 3-27. The deep struc-
tural arrangement of the conjoint
tendon of the rotator cuff located
at the head of the humerus con-
sists of the biceps tendon and
four muscles: the subscapularis,
the supraspinatus, the infraspina-
tus, and the teres minor.
(Modified from Clark JM,
Harryman DT II: Tendons, liga-
ments and capsule of the rotator
cuff, (J Bone Joint Surg Am
74(5):717, 1992.)

Figure 3-28. Note the layered anatomy of the
suprahumeral tissues. (Modified from Clark JM,
Harryman DT II: Tendons, ligaments and capsule of the
rotator cuff, J Bone Joint Surg Am 74(5):723, 1992.)
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glenohumeral joint angle. From the resting, anatomi-
cal position, the line of deltoid muscle pull on the
humerus is primarily superior translation of the
humerus. Conversely, it is markedly active between 90
and 180 degrees of elevation.47 As the arm is raised
further in the frontal plane, there is less force of

superior translation and an increasing force of gleno-
humeral compression.

Once the humerus reaches approximately 20
degrees of abduction, the deltoid line of muscle pull
begins to be positioned to allow it to serve as a pow-
erful elevator of the humerus in the frontal, sagittal,
and scaption planes, but only if the rotator cuff has
centralized and fixated the humerus within the shal-
low glenoid. Note also that the line of pull of the
latissimus dorsi and sternocostal portion of the pec-
toralis major counterbalances the deltoid pull as well
(Figure 3-33). Without these counterbalances, the
middle deltoid muscle simply drives the head of the
humerus superiorly into the acromion, coracoacro-
mial ligament, coracoid process, or tendons of the
pectoralis minor, coracobrachialis, and short head of
the biceps brachii. Figure 3-34 illustrates the differ-
ences in forces at the suprahumeral space below
60 degrees and above 120 degrees with a retracted
scapula.

Long Head of the Triceps

The long head of the triceps is the final muscle we
discuss in the posterior scapular layer. From its distal
attachment at the olecranon of the ulna, the long
head travels superiorly and medially to pass between
the teres major and teres minor muscles, attaching to
the infraglenoid tubercle of the scapula. This inter-
section with the teres major and minor creates the
quadrangular and triangular spaces (Figure 3-35).
The axillary nerve and the posterior humeral circum-
flex vessels travel through the quadrangular space as
they course around the neck of the humerus, whereas
the triangular space houses the scapular circumflex
vessels.

The crossing of the teres group and the triceps
muscle provides yet another example of the crossing
relationship of muscles potentially adding stability to
the area, in this case the posterior and inferior aspect
to the glenohumeral joint. A similar crossing relation-
ship lies anterior to the glenohumeral joint, consisting
of the crossing relationship between the subscapu-
laris, coracobrachialis, and short head of the biceps.
Together the weave of muscles formed by these pos-
terior and anterior crossing relationships adds
increased stability to the inherently unstable gleno-
humeral joint (Figure 3-36).

The long head of the triceps helps minimize infe-
rior translation of the humeral head on the glenoid
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C
Figure 3-29. Three locations of rotator cuff tears: 
A, Bursal side; B, articular side; and C, midsubstance.
The articular side tears are most commonly seen.
(Redrawn from Hawkins RJ, Bell RH, Lippitt SB: Atlas of
shoulder surgery, St. Louis, 1996, Mosby.)
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when an inferior shear force is introduced. Con-
traction of the long head pulls the humerus superi-
orly, resulting in superior translation of the humeral
head at the glenohumeral joint. The patient with a
hemiparetic arm or one who has had a radial nerve
injury may exhibit inferior subluxation of the

humerus because of the loss of this triceps muscle sta-
bilizing function over the glenohumeral joint. Other
functions of the long head of the triceps include
pulling the humerus back down to the anatomical
position from starting points of glenohumeral eleva-
tion, such as in “chopping” strokes that extend or
adduct the arm. At the elbow, the triceps contributes
to elbow extension with its associated lateral and
medial heads.

We can see through this discussion that groups of
muscles work together to form a system of counterbal-
ances and muscular reinforcements via crossing rela-
tionships that work to check the inferior-superior and
the anterior-posterior migration of the head of the
humerus. Concentric contraction of the long head of
the triceps, the short head of the biceps brachii, cora-
cobrachialis, clavicular head of the pectoralis major,
and deltoid have a line of muscle force that pulls the
humerus superiorly, whereas the eccentric activity of
these same muscles controls inferior movement of the
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Figure 3-30. Note the size of rotator cuff tears. These tears are classified as A, small, to 
D, massive. Note how the head of the humerus rides up through the tear. (Redrawn from
Hawkins RJ, Bell RH, Lippitt SB: Atlas of shoulder surgery, St. Louis, 1996, Mosby.)

Table 3-5. Exercises for the Posterior
Scapular Layer

Superior Cuff, Posterior Cuff, Posterior Deltoid

Low row with external rotation
PNF cable resistance patterns: horizontal abduction and 

external rotation
Seated row
Reverse fly
Forward elevations and overhead presses
Lateral shoulder raises

A B

C D

*PNF, Proprioceptive neuromuscular facilitation.
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humerus (Figure 3-37, A). We refer to these muscles as
“hanger muscles” because they dynamically suspend
the humerus at the glenoid. These muscles are coun-
terbalanced by the line of pull offered by the latissimus
dorsi, teres major, teres minor, the inferior head of the
infraspinatus, inferior head of the subscapularis, and

the costal portion of the pectoralis major, which exert
an inferiorly directed line of force over the humeral
head (Figure 3-37, B). Coordinated muscle activity
helps ensure that the forces of gravity and the contrac-
tile forces of movement secure the position of the
humeral head in the glenoid.
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Figure 3-31. Three heads of the del-
toid muscle are shown in these anterior
and posterior views. Note these differ-
ent directions of the muscle’s fibers;
each muscle fiber orientation is focused
toward one central point on the deltoid
tuberosity.

Figure 3-32. A horizontal cross section of the shoulders at the region of the mid-humerus shows
the relationships and relative thickness of the muscles of the anterior and posterior shoulder.
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THE SUBSCAPULAR REGION

The subscapular region includes the serratus ante-
rior and subscapularis muscles and can be approached
during dissection in several ways. One of the best
approaches, which allows us to better appreciate the
movement potential of the scapula on the thorax, is a
posterior approach. By reflecting the trapezius and
rhomboid muscles from the spine of the scapula, we
essentially free the scapula from the spinous processes.
From this vantage point, the costal surface of the
scapula can then be explored.

Serratus Anterior

One of the first structures encountered during dis-
section of the subscapular region from a posterior
direction is the subscapular bursa. This large and
expansive tissue comes into view when the rhomboids
have been reflected from the spinous processes, allowing
the costal surface of the scapula to be explored. The
serratus anterior muscle is easily seen where it attaches
to the vertebral border of the scapula. The large
subscapular bursa lies between the serratus anterior and
the underlying small muscles of respiration consisting of
the serratus posterior superior and intercostal muscles.
The bursa is quite extensive, typically exceeding the
dimensions of the scapula, and it serves to form a rela-
tively friction free environment for these tissues to move
relative to one another (see Figure 3-18).
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Figure 3-33. This schematic illustration shows the
downward pull of the latissimus dorsi (LD), teres major
(TM), teres minor (Tmi), and the costal portion of the
pectoralis major (PM) to counterbalance the superior
migration of the humerus as a result of the contraction
of the middle deltoid (D) muscle. (Modified from
Kapandji IA: The physiology of the joints: annotated diagrams
of the mechanics of the human joints, New York, 1982,
Churchill Livingstone.)

Figure 3-34. Three frontal plane
views of the glenohumeral articu-
lation show the shear and com-
pression of the suprahumeral
tissues below 60 degrees, between
60 and 120 degrees, and above
120 degrees. Note the importance
of scapular position in the analysis
of these forces.
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The extremely important role that the serratus
anterior plays in concert with the rhomboids, levator
scapulae, and external oblique has already been
described in previous sections of this chapter. The dis-
cussion now focuses on how the shoulder girdle is tied
through a system of muscles to the trunk and lower
extremities through the serape effect. Acting alone, the
serratus anterior line of muscle pull allows for pro-
traction and upward rotation of the scapula.

The upward rotation function of the serratus ante-
rior is extremely important, since it is one of the few
muscles capable of this important action, the other
being the combined effort of the upper and lower
trapezius. Often individuals engaging in upper
extremity exercise programs fail to complete the stroke
of humeral elevation exercise, meaning that the strong
upward rotation of the scapula as they work to elevate
their arms against resistance is lacking. Failure to do so
leaves the elevated shoulder (arms overhead) in a posi-
tion of downward scapular rotation, thereby increas-
ing subacromial compression. Therefore it is essential
that the scapula be monitored for full and strong
upward rotation activity during any shoulder elevation
exercise. The anatomy of the serratus anterior sug-
gests how important this upward rotation function is;
the heaviest serratus anterior attachment is at the
important inferior angle of the scapula.

Likewise, pushing exercises such as bench presses,
dumbbell presses, and supine horizontal “fly” exercises
(see Chapter 6) must emphasize scapular protraction in
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Figure 3-35. A posterior view of the right shoulder
shows the relationship of the long head of the triceps,
teres major, and teres minor muscles. Note the crossing
relationship of the teres major and the long head of the
triceps, which forms a quadrilateral space laterally and
the triangular space medially. These spaces house the
axillary nerve and the posterior humeral and scapular
circumflex arteries.

Figure 3-36. The crossing rela-
tionship posterior to the gleno-
humeral joint from the long head
of the triceps and the teres muscles
forms an X close to the posterior
and inferior aspect of the gleno-
humeral joint. A complement to
this X is seen on the anterior side
when the coracobrachialis, short
head of the biceps brachii, and the
subscapularis are viewed.
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order to be effective. If exercising focuses only on
movement of the humerus, we do not benefit from its
most important aspects: moving the scapula from a
position of retraction to an endrange of protraction.
This activity is a function of concentric action of the
serratus anterior, whereas the eccentric activity of the
muscle allows for a controlled return to a retracted
scapular position.

Subscapularis

If the serratus anterior is detached from the ver-
tebral border of the scapula and the scapula lifted
away from the thorax, the subscapularis muscle

comes into view where it is positioned between the
serratus anterior muscle and the subscapular fossa.
The subscapularis has three heads as it lies on the
subscapular fossa (Figure 3-38). This muscle is quite
thick and like the infraspinatus has muscular fibers
converging from a wide medial position toward a
central tendon covering the anterior aspect of the
glenohumeral joint. The superior head originates
from the superior portion of the subscapular fossa
and travels slightly inferiorly and laterally, whereas
the fan-shaped and thinner middle head travels lat-
erally. The inferior head is thicker and exhibits a
stronger looking stature, and the majority of the
subscapular tendon appears to be associated with
the inferior head.
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Figure 3-37. A, “Hanger muscles” check the inferior migration of the humerus and include the
triceps (T), short (BS) and long (BL) head of the biceps brachii, coracobrachialis (C), clavicular head
of the pectoralis major (PM), supraspinatus (SP), and deltoid (D). Their eccentric contraction con-
trols the inferior migration of the humeral head. B, Muscles that, during concentric contraction, pull
the humerus down place a counter force to the hanger muscles ensuring proper positioning of the
head of the humerus. These muscles include the latissimus dorsi (LD), teres major (TM), teres minor
(Tmi), the inferior head of the infraspinatus (I) and subscapularis (SS), and the costal portion of the
pectoralis major (PM). (Modified from Kapandji IA: The physiology of the joints: annotated diagrams of the
mechanics of the human joints, New York, 1982, Churchill Livingstone.)

A

B
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The tendon of the subscapularis has the largest cross
section of any tendon in the shoulder (Figure 3-39).
This broad tendon covers the anterior shoulder and
dynamically reinforces the anterior aspect of the
shoulder, including the anterior aspect of the glenoid
labrum and the glenohumeral ligaments. Acting
unopposed, the subscapularis internally rotates the
humerus, and with the arm in the anatomical position,
the angled fibers of the inferior head create an inferi-
orly directed force to the proximal humerus. As the
humerus changes position, however, the muscle adopts
different functions. For example, as the humerus is
abducted and externally rotated, the angle of the
fibers of the muscle changes so that contraction of
the subscapularis serves to compress the head of the
humerus into the glenoid and provide some contribu-
tion to glenohumeral adduction. Perhaps most impor-
tantly, the subscapularis is the major dynamic restraint
to posterior instability of the glenohumeral joint.39

As described above, there are always counterbal-
ancing muscular forces that ensure the proper balance
between joint mobility and stability. The inferiorly
directed fibers of the large, anteriorly placed inferior
head of the subscapularis are counterbalanced by the
posteriorly placed fibers of the inferior head of the
infraspinatus and the teres minor muscles, providing a
dynamic restraint to anterior posterior translation. In
both muscle groups the anterior subscapularis and
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Subscapularis (superior head)

Subscapularis
(middle head)

Subscapularis
(inferior head)

Figure 3-38. The superior, middle, and inferior
heads of the subscapularis muscle show that the infe-
rior head is larger and contributes to the majority of
the tendon.

Figure 3-39. The cross section of the
subscapularis tendon shows the thick-
ness and breadth of its structure
(marked by the X). It dynamically rein-
forces the anterior glenohumeral liga-
ments of the joint capsule.
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posterior infraspinatus provide the counterbalance to
the superior translation of the humeral head gener-
ated by the deltoid muscle (Table 3-6).

Excellent representative exercises to strengthen
muscles associated with the subscapular layer are
listed in Table 3-7. Descriptions and details are in
Chapter 6.

THE ANTERIOR SHOULDER

In this section we describe the sternocleidomastoid,
pectoralis major, anterior deltoid, pectoralis minor,
coracobrachialis, and both heads of the biceps
brachii. We begin medially at the sternoclavicular
joint and move forward laterally toward the gleno-
humeral joint.

Sternocleidomastoid

The sternocleidomastoid muscle is a superficial
muscle arising from the mastoid process. It lies in the
same plane as the trapezius muscle and is similarly
covered with the investing fascia of the neck. Like
the trapezius muscle, it is innervated via the spinal
accessory nerve. From the occiput, the muscle angles
toward the midline and divides into two heads on
reaching the anterior aspect. The smaller sternal
head attaches to the manubrium of the sternum,
and the broader clavicular head attaches to the
medial aspect of the clavicle (Figure 3-40). The
anterior costoclavicular ligament is oriented as a
continuation of the line of pull of this muscle and
serves to transfer the superiorly directed force of the
clavicular head of the sternocleidomastoid muscle to
the first rib via this ligamentous attachment from the
clavicle to the rib.

Because the sternocleidomastoid muscle lies super-
ficially, it is easily seen during the physical examination
of the patient. When the head and neck are properly
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Table 3-6. Counterbalancing Muscles 
of the Glenohumeral Joint

Muscles Pulling Humeral Head Superiorly

Triceps (long head)
Biceps brachii (short head)
Coracobrachialis
Clavicular head of the pectoralis major
Deltoid

Muscles Pulling Humeral Head Inferiorly

Latissimus dorsi
Teres major
Teres minor
Infraspinatus (inferior head)
Subscapularis
Pectoralis major (sternocostal head)

Table 3-7. Exercises for Muscles of the
Subscapular Layer

Supine flys: emphasize arc of motion
Pullovers from supine
Push presses emphasizing scapular protraction
Bench presses emphasizing scapular protraction
Upward rotation of scapula with humerus held at 90 degrees 

elevation and full external rotation
Push-ups with protraction at end
Gymnastic ball push-ups with protraction at end
Overhead presses
PNF pulls across the body with internal rotation and 

scapular protraction emphasis

Sternocleidomastoid

Sternal head

Clavicular head

Figure 3-40. The sternocleidomastoid muscle arises
from the mastoid process and travels inferiorly and ante-
riorly to form two heads. The clavicular head attaches to
the medial clavicle, and the sternal head attaches to the
sternum.

*PNF, Proprioceptive neuromuscular facilitation.
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aligned over the thoracic spine and shoulder girdle,
the muscle can be seen in its normal oblique orienta-
tion. If the sternocleidomastoid is oriented more ver-
tically instead of obliquely, it cues us that a forward
head posture is present.

The several actions of the sternocleidomastoid
muscle include its extension of the occiput on the
atlas, flexion of the lower cervical spine, rotation of
the cervical spine contralaterally, lateral flexion of the
cervical spine, and the ability to bring the head and
neck forward. This forward head posture is one that
places the sternocleidomastoid muscle in a short-
ened position and is a posture often assumed follow-
ing hyperextension injuries of the neck since the
posture places the injured musculature in a rest
position.

Although not considered part of the anterior
shoulder musculature, the position of the subclavius
bears mentioning at this point. The small subclavius
muscle attaches to the inferior surface of the clavicle
and travels inferiorly and anteriorly to attach to the
superior surface of the first rib. It assists in providing
a check and balance of the forces and loads that are
directed into the sternoclavicular joint and ulti-
mately pass through the shoulder complex (Figure 3-
41). The inferior pull of the subclavius on the
clavicle, in combination with the costoclavicular lig-
aments, counterbalances the pull of the sternoclei-
domastoid muscles.

Pectoralis Major

The upper part of the pectoralis major muscle
originates from the sternal half of the clavicle and
travels directly laterally to attach to the lateral lip of
the bicipital groove. The middle or sternocostal
aspect of the pectoralis major takes attachment from
the manubrium, sternum, and the upper ribs. It
courses laterally, and its tendon attaches just poste-
rior to the tendon of the clavicular head. The
abdominal head of the muscle takes origin from the
lower ribs and the abdominal fascia and courses to
the lateral lip of the bicipital groove but does so by
twisting on itself. As a result, the lower fibers of this
portion of the muscle insert highest on the humerus
whereas the upper portion of the abdominal head
fibers insert lowest on the humerus. This results in
the tendinous insertion of the muscle taking the form
of a highly complex amalgamation of connective tis-
sue oriented in a trilaminar complex.

As the pectoralis major tendon approaches the
anterior shoulder, it also has important anatomical
relationships with other structures. A fascial expansion
from the tendon of the abdominal head referred to as
the falciform ligament combines with the main portion of
the tendon to surround the tendon of the long head
of the biceps brachii muscle over the intertubercular
groove of the humerus. This ligamentous expansion
not only attaches to both lips of the bicipital groove
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Figure 3-41. The inferior
counterbalances to the superior
clavicular musculature include
the medial and lateral costoclav-
icular ligament and the subclav-
ius muscle.
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and helps stabilize the long head tendon but also rein-
forces the glenohumeral joint capsule.

Because of the broad attachments of the pectoralis
major, the actions of the muscle are several and are
dependent on the starting position of the glenohumeral
joint. From the anatomical position, the clavicular head
participates in sagittal plane elevation. Once the arm is

overhead, the abdominal and sternocostal heads pull
the arm strongly back toward extension and adduction.
The strong adduction capabilities of the pectoralis
major allow its pull also to result in depression and
downward rotation of the scapulothoracic articulation.
All of the heads are aligned to contribute to internal
rotation, and the combination of the latissimus dorsi,
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Pectoralis (clavicular head)

Pectoralis
(sternal
 head)

Pectoralis
(abdominal

 head)
A

B
Figure 3-42. A, The three heads of the pectoralis major muscle are: clavicular, sternal, and
abdominal. The clavicular head forms the anterior lamina of the tendon and travels inferiorly and
laterally to the medial lip of the intertubercular groove. However, the sternal and abdominal heads
blend and twist, forming a medial and posterior lamina that attaches to the glenohumeral joint cap-
sule superiorly and surrounds the tendon of the long head of the biceps brachii muscle as it courses
through the intertubercular groove. The inferiormost aspect of the abdominal head attaches most
superior, and the superiormost aspect of the sternal head attaches most inferior. B, Note the cross-
ing relationship of the pectoralis major. 
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teres major, anterior deltoid, and pectoralis major
makes internal rotation a much stronger motion than
glenohumeral external rotation. Most of the pectoralis
major muscle is oriented to horizontally adduct the
humerus across the body.

In the abdominal region, the pectoralis major
blends into the abdominal fascia bilaterally to form
another crossing relationship over the anterior supe-
rior aspect of the trunk. Thus contraction of the pec-
toralis major muscle pulls up or “cinches” the
abdominal fascia much like the latissimus dorsi over
the posterior shoulder cinches up the thoracolumbar
fascia (Figure 3-42, A and B).

Anterior Deltoid

Although it was described earlier, the anterior del-
toid is mentioned briefly again here because of its mus-
cular attachments to the clavicle. It arises from the
lateral third of the clavicle, where it helps reinforce the
acromioclavicular joint, and travels posteriorly and lat-
erally to merge with a central tendon that is also asso-
ciated with the middle and posterior heads of the
deltoid. The tendon is thick and fibrous and inserts into

the deltoid tuberosity of the humerus. As previously
noted, this tuberosity is located on the lateral surface of
the humerus midway down the shaft. Unlike the mid-
dle portion of the deltoid, which has several different
parts, the anterior head courses obliquely and is thus
oriented to flex, internally rotate, and adduct the
humerus. The stronger the contraction of the deltoid
to move the humerus, the more vigorous the activity of
the muscles attached to the clavicle and scapula in
order to provide a stable yet moving platform.

Pectoralis Minor

With the pectoralis major and anterior deltoid
reflected, we can view three muscles that are attached
to the coracoid process. These are the more medially
placed pectoralis minor and the laterally placed con-
joint tendons of the coracobrachialis and the short
head of the biceps brachii (Figure 3-43). The pec-
toralis minor is a thin, triangular-shaped muscle that
lies directly under the pectoralis major. From the cora-
coid process, it travels inferiorly and medially to attach
to the second, third, fourth, and fifth ribs just lateral to
the costocartilaginous junction and the aponeurosis
that covers the intercostal muscles from ribs 2 through
5. In the region of the anterior axilla, the pectoralis
minor covers the neurovascular complex coursing
from the neck to the upper extremity (see Chapter 2).

Beginning with the scapula in a starting position of
full retraction, the pectoralis minor pulls the scapula
forward (protraction). Keep in mind that a position of
retraction collapses the pectoralis minor over the neu-
rovascular bundle in the axilla. In the presence of neu-
ral or vascular symptoms in the upper extremity, the
postural role of the pectoralis minor needs to be care-
fully evaluated. If the scapula is in an upwardly rotated
position, the pectoralis minor pulls down on the cora-
coid process, resulting in downward rotation at the
scapulothoracic articulation. Because of this combined
effect of downward rotation and protraction, tightness
of the muscle may be a contributing factor in the
rounded shoulder posture. Finally, if the scapula is fix-
ated, the muscle may act to raise the rib cage.

Coracobrachialis

The coracobrachialis muscle lies medial to but is
blended with the short head of the biceps brachii at
the coracoid process. From this attachment the long
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Figure 3-43. The three muscles that attach to the cora-
coid process are from lateral to medial: the pectoralis
minor, the coracobrachialis, and the short head of the
biceps brachii. 
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straplike muscle actually broadens quite dramatically
as it courses inferiorly and laterally to insert on the
anteromedial aspect of nearly a third of the humerus
in the region between the triceps brachii and the
brachialis muscles. The coracobrachialis lies over the
top of the subscapularis muscle, and the coraco-
brachialis bursa is interposed between the two. Note
again how a crossing relationship is formed between
the more vertically oriented coracobrachialis and the
more horizontally oriented subscapularis.

The action of the muscle is primarily elevation of
the glenohumeral joint in the sagittal plane, as well as
adduction and horizontal adduction of the humerus.
When the extent of the coracobrachialis insertion on
the humerus is closely inspected, we can see how the

muscle strongly contributes to glenohumeral adduc-
tion, and this is the primary motion with which the
muscle is trained using resistance exercises.

Short Head of Biceps Brachii

The short head of the biceps brachii arises from the
tip of the coracoid process as thick, flat tendon in
common with and lateral to the coracobrachialis mus-
cle. From the coracoid process it travels inferiorly and
laterally to join the long head of the biceps, forming a
single muscle belly, which ultimately attaches to the
forearm in two distinct ways. The lateral part of
the muscle attaches to the radial tuberosity, whereas
the medial aspect of the muscle blends in with the
forearm fascia as the bicipital aponeurosis (Figure 3-44).
The primary actions of the biceps occur at the elbow
region and include elbow flexion and forearm supina-
tion. Over the shoulder, the muscle can contribute to
the initiation of elevation of the humerus, and from
the overhead position the muscle helps pull the
humerus down to the side of the body. The short head
of the biceps and the coracobrachialis form a crossing
relationship with the subscapularis muscles, which
contributes to the stabilization of the anterior aspect
of the glenohumeral joint (see Figure 3-36).

Long Head of Biceps Brachii

The long head of the biceps brachii arises from the
supraglenoid tubercle and the posterior-superior gle-
noid labrum and glenoid rim. It is enclosed in a spe-
cial synovial sheath within the glenohumeral joint,
and the tendon exits through an opening of the cap-
sule. Such an arrangement allows the tendon to be
intracapsular yet extrasynovial relative to the gleno-
humeral joint. It travels over the humeral head and
emerges from the capsule to lie within the intertuber-
cular groove.

Several tissues stabilize the long head of the biceps
over the head of the humerus and through the bicipital
groove. Proximally the tendon is covered by the coraco-
humeral ligament and superior glenohumeral ligament
of the joint capsule, thus stabilizing the tendon in this
region. The tendon then exits the capsule and reaches
the proximal aspect of the bicipital groove. At this
region, the upper portion of the subscapularis tendon
and lower aspect of the supraspinatus tendon form the
floor of the sheath embracing the biceps tendon.
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Figure 3-44. The short and long heads of the biceps
brachii muscle join to form a thick, round muscle belly
that eventually twists to attach on the radial tuberosity.
The bicipital aponeurosis arises from the tendon and
courses obliquely downward and medially to blend into
the fascial covering of the flexor forearm.
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Another fascial expansion from the supraspinatus com-
bines with the coracohumeral ligament to cover the ten-
don. Finally, as the tendon enters the main portion of
the groove, it is covered by the falciform ligament,
which is the fascial expansion of the pectoralis major
tendon. The falciform ligament attaches not only to
both lips of the bicipital groove but also to the gleno-
humeral capsule. Thus the long head of the biceps is
stabilized at the shoulder joint via a complex array of
several important connective tissues.

In order to most effectively design exercise pro-
grams in the presence of long head of the biceps ten-
don involvement, we must realize that the long head of
the biceps tendon does not slide in the bicipital groove
but rather the humerus moves under a stationary ten-
don. The sheath that surrounds the biceps tendon
helps minimize the friction between the moving
humerus and the static tendon. Bicipital tenosynovitis
is an inflammation of this tendinous sheath, and it is
important to recognize the mechanics of the groove
tendon relationship to effectively manage this condi-
tion. The clinician must decrease shoulder flexion,
both extension and abduction, and adduction activi-
ties rather than elbow flexion and extension activities
to successfully rest this area. Pulling exercises that
require the humerus to move against resistance from
flexion to extension potentially aggravate the tenosyn-
ovitis problem and exacerbate the condition.

The actions of the biceps over the elbow have
been noted previously. The long head has several
unique functions. It is a major decelerator of the
throwing arm as the elbow rapidly moves from a
flexed position in the early stages of throwing to an
extended position. In addition, it most likely serves as
a weak flexor at the glenohumeral joint. The long
head also functions to increase stability of the gleno-
humeral joint. Its very anatomical position allows it
to serve as a static restraint to superior translation of
the head of the humerus. Active contraction of the
long head only slightly depresses the humeral head,
so the tendon’s role is primarily a passive one in
regard to this function.53 It is important to note that
its normal static contribution is dependent on the
positioning of the tendon within the groove, which is
a function of the stabilizing mechanisms provided by
the supraspinatus and subscapularis tendons. Tears
of the rotator cuff can thus affect the positioning of
the long head of the biceps tendon, resulting in its
inability to contribute to glenohumeral stabilization.

The position of the glenohumeral joint also influ-
ences the contribution of the long head of the biceps

tendon to shoulder stabilization. When the arm is
placed in a position of abduction and external rota-
tion, the long and short heads of the biceps become
anterior reinforcements to the anterior glenohumeral
ligaments and joint capsule. When there has been
injury to the glenohumeral ligaments, the biceps ten-
dons serve to stabilize the humeral head against ante-
rior translation.18

Finally, the tendon of the long head of the biceps
brachii passes over the head of the humerus in a posi-
tion that is vulnerable to excessive compression
between the head of the humerus and the
suprahumeral dome. It is common for the tendon of
the long head of the biceps brachii to flatten because
of compression, rendering it vulnerable to swelling
and possible rupture (see Chapter 4). The tendon is
also vulnerable at its attachments to the glenoid
labrum, where it can be avulsed away from its attach-
ment especially as resulting sequelae to long term,
continuous stress that weakens the tissue. Tears of the
glenoid labrum, in particular the SLAP (superior
labrum anterior to posterior) lesions discussed in
Chapter 4, can be compromised even further when
tension is applied through the biceps tendon, which
places further stress to an already compromised gle-
noid labrum. A torn labrum with a split longitudinally
in the long head of the biceps is evidence of a very
advanced SLAP lesion.11 We can easily see that trac-
tion through the long head of the biceps tendon not
only further compromises the tendon but also further
avulses the glenoid labrum.

Exercises primarily for training the muscles of the
anterior shoulder are listed in Table 3-8 and are illus-
trated and discussed in Chapter 6.
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Table 3-8. Exercises for the Anterior
Shoulder Layer

Pectoralis: Major and Minor

Coracobrachialis

Supine flys
Bench presses
Incline bench presses
Weight assisted bar dips
Shoulder elevations in various planes between sagittal and 

frontal with external rotated humerus

Biceps Brachii

Elbow curls with simultaneous supination
Seated rows with supination
Counter weighted pull-ups with underhand grip
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ABDOMINAL MUSCULATURE

The last muscle group that should be described
briefly in any textbook about mechanical shoulder dis-
orders includes those of the abdominal wall. We have
discussed these muscles in detail in previous texts.33,34

The abdominal wall functions to maintain the cylin-
der of the trunk responsible for the maintenance of an
erect posture. It also serves to ensure efficient move-
ment of the appendages.

The abdominal wall has four muscles directly asso-
ciated with its structure, namely the transversus
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Figure 3-45. A, The abdominal musculature that contains the abdominal cylinder is composed of the
abdominal muscles, the diaphragm, the lumbar spine and its related muscles, and the muscles that com-
prise the pelvic floor. B, The abdominal wall also includes a crossing relationship that affords increased sta-
bility of the anterior and inferior aspect of our trunk below the umbilicus.

A B
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abdominis, internal oblique, external oblique, and
rectus abdominis (Figure 3-45, A and B). These mus-
cles form, connect into, and function via a fascial sys-
tem referred to as the abdominal fascia. This fascial
system forms an anterior and lateral strut that contains
the abdominal contents and operates as the base from
which the upper and lower extremities function. The
external oblique, internal oblique, and transversus
abdominis attach into the abdominal fascia that sur-
round the rectus abdominis muscle. The fibers of the
transversus abdominis muscle travel horizontally and

are best positioned to pull the abdominal contents
straight back, thus effectively aligning the upper spine
and shoulder girdle over the lumbopelvic region and
hips (Figure 3-46). Indirectly, the rhomboids, pec-
toralis major, serratus anterior, and femoral adductors
can be considered as part of the abdominal mecha-
nism as well (see Figure 3-17, C ). The pectoralis
major’s linkage to the abdominal fascia and the serra-
tus anterior’s linkage to the external oblique have been
described in previous sections of this chapter. These
key shoulder muscles are in fact an integral compo-
nent of what we typically refer to as the “abdominal
mechanism.” Exercises that can be used to strengthen
the abdominal wall, including those that incorporate
shoulder girdle activity, are listed in Table 3-9 and
described in detail in Chapter 6.

SUMMARY

We have carefully described the clinically relevant
aspects of the muscles associated with the shoulder gir-
dle. The explanation of crossing relationships between
various muscles gives you additional information about
how a region with such great mobility simultaneously
remains remarkably stable. In addition, we have
emphasized the relationships of muscles to each other
and their associated fascial networks. Strengthening
the muscles that pull on these thick connective tissues
and performing exercises designed to hypertrophy
those muscles that are contained within these fascial
systems represent primary goals of rehabilitation pro-
grams designed to improve performance.

Appropriately maintaining the health of these tis-
sues helps maintain the position of the scapula on the
thorax and control the forces directed to the head of
the humerus. When we lose the health of shoulder
girdle muscles or the anterior strut of the abdominal
cylinder, loads to the supporting tissues of the gleno-
humeral joint are increased. It is logical to conclude
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Figure 3-46. A sagittal plane view of the abdominal
wall shows the fiber orientation of the transversus abdo-
minis muscle and its importance in alignment of the
spine and shoulder girdle with the lumbopelvic region
and hips. 

Table 3-9. Exercises for the Abdominal
Mechanism

Standing high rows with thoracic cage flexion and pelvis tilt
Standing rotary cable crosses
Gymnastic ball stabilization
Keeping abdominal wall toward beltline with concurrent upper 

extremity and/or lower extremity load challenges
Supine pullovers
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that initiating activities in the area predisposed to
increased joint pressures renders the tissues vulnera-
ble to overload. The ability to maintain upright pos-
ture is critical to secure scapular position and the
successful attenuation of stresses to the entire shoul-
der complex. Strengthening the musculature of the
shoulder girdle has to be complemented by a critical
assessment of the trunk and lower extremity strength
in order to provide a comprehensive approach to
rehabilitation in managing mechanical disorders of
the shoulder complex. In Chapters 5 and 6 we will
build on the clinical anatomy that has been discussed
in the first four chapters as the foundation for the
evaluation and treatment of mechanical disorders of
the shoulder girdle.
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INTRODUCTION

The often repeated words “the shoulder is built for
mobility rather than stability” can prevent us from
fully understanding how this remarkable complex of
articulations simultaneously meets the demands of
mobility and stability. Indeed, it is perhaps more
instructive to consider the shoulder complex as
extraordinarily stable when it is viewed in the context
of the wide variety of motion possibilities and the
numerous torques and linear forces it is subjected to.

Shoulder girdle motion consists of a complex series
of moving bony levers, motion of soft tissues over and
between bursal interfaces, and an extraordinarily large
number of combinations of muscle contractions in the
specific segments of muscles associated with the
scapula, humerus, clavicle, radius, ulna, spine, and
occiput. Bony levers forming these multiple articula-
tions are under control of the neuromuscular system

and must instantaneously assume roles of stability and
mobility on demand throughout even the simplest arc
of motion.

Such an intricate mechanism presents the clinician
with challenges during examination, evaluation, and
selection of the most appropriate treatment interven-
tions for the patient with shoulder pain or loss of func-
tion related to mechanical problems of the shoulder
girdle. The functional interplay of the multiple tissues
is closely aligned with the reality of shoulder disorders:
most mechanical shoulder problems are not isolated
injuries affecting only one structure within the shoul-
der complex. Instead, most shoulder disorders,
whether they occur from isolated injury, overuse syn-
dromes, or simply as a result of the aging process,
affect several tissues or structures of the shoulder gir-
dle. In addition, the trunk and hip musculature play a
major role in the resting posture and movement pat-
terns of the upper quarter, further increasing an
already complex physiology.

In this chapter we detail the articulations of the
shoulder girdle and consider the implications of struc-
ture and function on selected aspects of the shoulder
examination and various interventions used in the man-
agement of shoulder disorders. Our emphasis will be
on the glenohumeral joint, acromioclavicular joint, and
the sternoclavicular joint and on two unique interfaces,
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92 ARTICULATIONS OF THE SHOULDER GIRDLE

the scapulothoracic interface and the suprahumeral-sub-
acromial interface. That said, we approach these struc-
tures within a framework of the full shoulder girdle
motion that also is dependent on motion of the cervical
and thoracic spine and the ultimate ability to stabilize the
trunk. For example, complete range of shoulder motion
in elevation (lifting the arms completely overhead)
requires a significant degree of cervical and thoracic spine
extension. To hold a weight overhead, the spine must first
move toward extension and then serve as a relatively stiff
platform in order to keep the weight stabilized overhead.
Shoulder elevation with overpressure is an excellent way
to assess the extension and weight-bearing capacity of the
apophyseal joints in the cervical and thoracic spines.

THE GLENOHUMERAL JOINT

The Head of the Humerus

The relationship of the head of the humerus to the
glenoid fossa has often been likened to the “fit” of a golf
ball (head of the humerus) on a golf tee (glenoid fossa).
Such a comparison emphasizes the disproportional con-
tact relationship between the articular surfaces of the
humeral head and the glenoid fossa. It is a good analogy
because the actual contact relationship between the
head of the humerus and the glenoid fossa is relatively
small. At any given moment of any motion, nearly 70%
of the humeral head is not in contact with any part of
the glenoid fossa. Despite this mismatch, the connective
tissue and neuromuscular stabilizing mechanisms pre-
cisely maintain the head of the humerus within a 1 to
2 mm variation throughout an arc of motion.39,49

Before more sophisticated analysis of glenohumeral
motion was possible, clinicians liberally applied the
arthrokinematic rules for concave-convex joint sur-
faces to the glenohumeral joint.61 Such rules imply
that elevation of the humerus on the glenoid results in
the humeral head translating inferiorly on the glenoid.
The clinical application of such a rule suggested using
inferior glide translations of the humeral head in
order to improve glenohumeral elevation (i.e., abduc-
tion or flexion). Several studies have now shown that
there is very little inferior glide of the humeral head
on the glenoid during elevation.30,31,49 In fact, when
the arm begins to elevate, the head of the humerus
first translates superiorly approximately 1 to 3 mm
and then remains relatively centered within the gle-
noid fossa. This ability of the head of the humerus to
remain centered on the glenoid is largely a function of
the rotator cuff musculature, but other passive mech-

anisms that will be discussed later also come into
play.21 Joint mobilization techniques remain excellent
treatment tools; however, use of these interventions is
primarily to introduce various translations and rotary
stresses to the joint in order to maintain or improve
generalized capsular mobility and enhance fluid
dynamics. Used as a treatment intervention, such
techniques result in improved motion in all ranges of
the glenohumeral joint, rather than using a particular
translation (glide) to improve physiological flexion,
abduction, or rotation (see Chapter 6).

In addition to the head of the humerus, the proximal
portion of the humerus features several key bony land-
marks: the greater tuberosity with its three smooth and
flat surfaces for muscle attachments (supraspinatus,

Greater tuberosityHumeral
head

Anatomical
neck

Bicipital groove

Surgical neck
Lesser tuberosity

Figure 4-1. Key structures of the proximal portion of
the humerus include the humeral head, greater and
lesser tuberosities, bicipital or intertubercular groove, the
anatomical neck of the humerus, and the surgical neck
of the humerus.
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infraspinatus, and teres minor); the lesser tuberosity with
a flattened surface for the subscapularis attachment, the
bicipital or intertubercular groove; and the anatomical
and surgical necks of the humerus (Figure 4-1).

The head of the humerus is not a complete sphere,
and the smoothest part of its spherical head is covered
with hyaline cartilage. This cartilage covered humeral
head faces medially and then is oriented upward
approximately 130 to 150 degrees and backward
(retroverted) approximately 26 to 31 degrees when the
arm is by the side.34 It has also been suggested that
high level overhead athletes demonstrate even greater
humeral head retroversion on the dominant shoulder
when compared with the nondominant side, implying
even further bony adaptation as a result of prolonged
cumulative stresses.10

The cartilage covering the head of the humerus is
not uniformly thick but instead is thicker in the central
region of the humeral head and then becomes thinner
at the peripheral aspect of the head (Figure 4-2). This
is exactly opposite to the relationship of the articular
cartilage with the glenoid fossa, in which the cartilage
is thicker at its periphery but thinner toward the cen-
ter. The contribution that such a unique cartilaginous
interface makes to the stability of the glenohumeral
joint is discussed later in the Glenoid Labrum section
of this chapter.

There are typically eight ossification centers within
the humerus, but only three relate directly to the prox-
imal aspect of the humerus. These three ossification
centers are located in the head of the humerus, the
greater tuberosity, and the lesser tuberosity. While pre-
liminary epiphyseal closure begins during childhood,
it is generally not complete in these three centers until
25 years of age (Figure 4-3).6 The medial end of this
upper epiphyseal line is intracapsular. The clinician
needs to remember this especially important consider-
ation when dealing with young athletes who present
with shoulder trauma, or shoulder pain as a result of
microtrauma and overuse.

The Scapula

The triangular-shaped scapula typically overlies the
second to seventh ribs and has three very distinct bony
projections: the spine of the scapula, the continuation of
this spine of the scapula as the acromion process, and
the coracoid process. The upwardly facing glenoid fossa
lies on the lateral aspect of the scapula. This fossa artic-
ulates with the head of the humerus. In addition, two
bony tubercles are associated with the glenoid cavity: the

supraglenoid tubercle and the infraglenoid tubercle
(Figure 4-4, A).

There are numerous ossification centers in the
scapula, including two in the coracoid process, three in
the acromion process, one in the scapula body, and one
in the rim of the glenoid cavity. The ossification centers
of the scapula are typically united between the ages of 20
and 24 years of age. The three ossification centers in the
acromion are united by 22 years of age, but if they fail to
unite, a condition referred to as osacromiale results. This
condition is often associated with rotator cuff degenera-
tion.46 The clinician needs to always keep the presence of
these ossification centers in mind when evaluating chil-
dren, adolescents, and young adults for shoulder pain.

The Glenoid Cavity

The total articular surface of the glenoid fossa is less
than a third of the total articular surface of the
humeral head (see Figure 4-2). Its relatively small fossa
faces backward approximately 4 to 12 degrees relative
to the plane of the scapula. Since the plane of the
scapula is approximately 30 to 40 degrees anterior to
the coronal plane of the body, the glenoid fossa is actu-
ally directly facing the posteriorly facing humeral head.

Because the scapula is a relatively flat bone, a scapu-
lar “plane” can be described based on the position of
the scapula as it moves over the thorax (Figure 4-4, B).
The reader needs to be able to visualize this plane
because the position of the scapula on the thorax ulti-
mately results in the glenoid fossa having a variety of
possible orientations relative to the plane of the body.
For example, when the shoulder girdle is in complete
retraction, the scapular plane more closely parallels the
coronal plane of the body. When the shoulder is fully
protracted, however, the scapular plane more closely
parallels the sagittal plane of the body.

The importance of being able to visualize the plane
of the scapula is related to the clinician’s ability to
analyze forces of the humerus on the glenoid and
between the humeral head and the suprahumeral
dome with various exercises. The suprahumeral dome
consists of the undersurface of the acromion, cora-
coacromial ligament, coracoid process, and the con-
joint tendon of the coracobrachialis and short head of
the biceps brachii. Note that with the scapula pro-
tracted and the glenohumeral joint in flexion, there is
a compressive load of the humerus on the glenoid
when a force is applied through the long axis of the
humerus. The same force applied through the long
axis of the humerus with the same glenohumeral
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Glenoid
fossa

Articular cartilage Humeral head

130� –150�

26� –31�

Figure 4-2. A, The head of the humerus is angled upward 130 to 150 degrees, and B, backward
26 to 31 degrees. C, The articular cartilage, as seen in the superior transverse section, that covers the
head of the humerus is thicker in its central region and thinner in the periphery.
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flexion but with the scapula retracted results in a
greater posterior shear force between the humerus
and scapula and markedly less compression between
the humeral head and glenoid.

Consider the application of these mechanics to
shoulder girdle exercises. When we do a wall push-up
or a floor push-up, the position of the scapula ulti-
mately dictates what the joint reactive force will be at
the glenohumeral joint. Weak scapular protractors
result in the scapula being positioned in the coronal
plane of the body with a significant glenohumeral
shear force occurring with the exercise. In the same
exercise, strong scapular protractors would align the
scapula more closely to the sagittal plane and result in
more glenohumeral joint compression and less shear
of the humeral head on the glenoid. The same type of

analysis can be performed with open kinetic chain
exercises such as shoulder elevation. When performed
in three different scapular planes—along the sagittal
plane of the body, the frontal plane of the body, and
midway between the two—differences in the gleno-
humeral joint reactive forces result.

The clinician working with a patient with any
mechanical shoulder disorder must be cognizant of
those scapular and humeral positions that result in
increased glenohumeral shear or compression. This is
true when applying passive joint mobilization tech-
niques, as well as when designing an exercise prescrip-
tion for resistance exercises for the shoulder. For
example, we typically recommend that shoulder eleva-
tion exercises, especially when using free weights or
pulleys, be performed in a plane midway between the
coronal and sagittal planes. This is the approximate
plane of the scapula as it rests over the thorax, often
referred to as the scaption plane. Careful observation or
palpation of the scapular motion during the exercise
can help verify that plane. Furthermore, it is essential
that the clinician note the quality and the quantity of
scapular motion during any resisted shoulder elevation
exercises. We typically emphasize the scapular pro-
traction, rotation, and elevation components of any
lateral or forward arm raise exercises. Ignoring this
fundamental shoulder exercise concept—the scapula
moving smoothly and strongly into protraction,
upward rotation, and elevation during forward or lat-
eral arm raise exercises—results in excessive compres-
sion of the soft tissues lying in the suprahumeral space,
which we will discuss in detail later. Ludewig and
Cook have demonstrated that decreased serratus ante-
rior muscle activity is very common in patients with
impingement syndrome and note that attention to the
actions of this key muscle is essential in shoulder reha-
bilitation programs.37

It is equally important to analyze the scapular posi-
tion when performing closed kinetic chain exercises.
Most importantly, the clinician must take great care in
developing a closed kinetic chain exercise prescription
for shoulder strengthening because 1) the gleno-
humeral joint is not designed to be a weight-bearing
joint, and 2) shear loads may be poorly tolerated
because of limitations of the specialized connective tis-
sue restraints. The complexity of these mechanisms is
one of the reasons why designing an exercise program
for the compromised shoulder joint is so difficult.

The above descriptions reinforce the fact that the
glenohumeral joint is a multiaxial joint, which is capa-
ble of movement in all planes. Only a small portion of
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Head
Greater
tuberosity

Lesser
tuberosity

Figure 4-3. A cross section of the right humerus shows
the three ossification centers associated with the proxi-
mal aspect of the humerus (head, and greater and lesser
tuberosity), which typically fuse to form one larger ossi-
fication center by the sixth year of life.
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the head of the humerus is in contact with the glenoid
fossa at any given moment; additionally there are very
few positions in which the head of the humerus
becomes completely congruent with the surface of the
glenoid fossa. Maximal congruency between the bony
partners of a synovial joint is referred to as the close-
packed position of the joint, and the position of maxi-
mal congruency for the glenohumeral joint occurs
when the humerus is abducted and externally rotated.
As expected, this position of abduction and external
rotation is also the position in which the highest
degree of load-bearing articular pressure between the
head of the humerus and the glenoid fossa occurs.8
This position also places the inferior aspect of the joint

capsule and the inferior glenohumeral ligament under
significant tension, and it is a very vulnerable position
for dislocation, subluxation, or excessive strain of
these specialized connective tissues supporting the
joint. In contrast, the loose-packed position of the
joint, a position in which there is the least resistance to
any translation because of capsular and ligamentous
laxity, is a position in which the humerus is placed in
approximately the plane of the scapula, namely, 55
degrees abduction and 30 degrees horizontal
adduction.

Applying this understanding of the bony levers that
form the glenohumeral joint, we can now detail sev-
eral of the support structures that help maintain the
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Infraglenoid
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Spine of scapula

Acromion

Figure 4-4. A, This view of the lateral aspect of the scapula demonstrates the position of the
supraglenoid and infraglenoid tubercles relative to the glenoid fossa and the key scapular processes:
the spine of the scapula, acromion process, and coracoid process. B, This view shows the plane of
the scapula.
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contact relationship between the humerus and the gle-
noid. Several key specialized connective tissue struc-
tures are intimately associated with the bony levers
constituting the glenohumeral joint, including the gle-
noid labrum, long head of the biceps tendon, joint
capsule, synovial lining, capsular ligaments, bursal
interfaces, and the rotator cuff tendons. The interplay
between each of these structures is critical to normal
shoulder function, so we will examine several impor-
tant clinical points related to these structures.

Specialized Connective Tissue
Structures Associated With 
the Glenohumeral Joint

The Glenoid Labrum

The triangular- to round-shaped glenoid labrum is
attached around the margins of the glenoid rim and is
a composite of fibrous and cartilaginous material.9
The structure of the labrum is such that the thicker
portion of labrum is attached to the glenoid rim,
whereas the thinner portion comprises its free edge.
The superior aspect of the labrum or “12 o’clock posi-
tion” on the glenoid face generally has a “looser”
attachment to the glenoid than the inferior aspect of
the labrum or “6 o’clock position” and is continuous
with the long head of the biceps tendon (Figure 4-5).
The inferior labrum is also more substantive and has
more bulk than the superior aspect.23 As a result of its
peripherally placed position on the glenoid, the
labrum effectively deepens the glenoid socket to a
depth ranging from 5 mm to 10 mm.29

The labrum plays several important roles in shoul-
der mechanics, but the primary role is its contribution
to stability of the glenohumeral joint. As evidence of
its contribution to stability, it is estimated that a torn or
deficient labrum results in approximately 20% more
translatory movement of the humeral head on the gle-
noid than when the labrum is intact. This clearly
results in instability between the humeral head and
glenoid.35

How do the hyaline cartilage coverings of the gle-
noid and humerus work in concert with the labrum to
contribute to glenohumeral stability? The combina-
tion of a thicker hyaline cartilage in the periphery of
the glenoid rim in conjunction with the added glenoid
rim elevation afforded by the glenoid labrum results in
a more closely matching radius of curvature of the
head of the humerus with the radius of curvature of

the glenoid. The fossa is functionally deepened by this
arrangement. Thus one contribution to stability is
simply the increase in the concavity of the glenoid
fossa via deformation of the articular cartilage and the
mechanics of the labrum.

The thicker cartilage at the periphery, plus the
fibrocartilaginous glenoid labrum, contributes to the
mechanical stability of the glenohumeral joint in more
ways than simply increasing the depth of the fossa. A
region in which there is a thick hyaline cartilage “cush-
ion” typically has greater flex or ability to deform (i.e.,
that region can be more easily compressed and then
can spring back to its original shape). The periphery of
the glenoid rim exhibits this particular quality of
deformability. At the periphery of the glenoid rim the
articular cartilage becomes thicker as it blends into the
fibrocartilaginous labrum. The combination of the
thicker cartilage and fibrous labrum leads to increased
flexibility or deformability at the periphery of the gle-
noid rim, resulting in the humeral head being “sealed”
when pressed into the glenoid (Figure 4-6). The com-
pression of the humeral head into the glenoid fossa
ultimately creates a functional seal between the
peripheral rim of the cartilaginous glenoid and the
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Figure 4-5. The glenoid labrum is triangular in cross
section and is continuous at its superior surface with the
long head of the biceps tendon.
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humeral head, much like the outer rim of a toy dart
constructed with flexible rubber on its periphery
(glenoid) creates a “seal” that would allow the dart to
stick to a glass ball (head of humerus).

A slightly negative pressure also is present within the
joint cavity. Although the joint surfaces are wet (coated
with synovial fluid), very little fluid is actually present in
the joint. This is because of the osmotic action of the
synoviocytes within the joint synovium. As long as the
synovial osmotic pressure (ability of the synoviocytes to
remove fluid from the joint environs) remains greater
than the osmotic pressure of the colloids within
the synovial fluid, a “negative” pressure exists within the
joint cavity and the joint is better sealed. This stabiliz-
ing or sealing phenomenon brought about by a squeez-
ing together of the wet surfaces of the head of the
humerus and the glenoid is further enhanced via con-
traction of the rotator cuff musculature, which illus-
trates one of their many roles in contributing to the
stability of the glenohumeral joint.

If the joint has an increase in the volume of joint
fluid, which might occur as a result of joint effusion or
hemarthrosis, a functional seal between the humeral

head and glenoid cannot be maintained, in part
because of increased joint volume and in part because
of a difference in osmotic pressure. The osmotic pres-
sure in the joint cavity exceeds the osmotic pressure in
the synovium. This scenario can create an abnormal
contact relationship of the humeral head and the gle-
noid, resulting in joint instability.

When you recognize these labral, cartilage, and
joint mechanics, you will more fully understand how
instability of the glenohumeral joint might result from
defects in the glenoid labrum or from degenerative
joint disease associated with the humeral head or gle-
noid fossa. Although there are several causes of gleno-
humeral joint instability (Table 4-1), labral or humeral
head defects are important factors because when pres-
ent, they result in the joint losing its ability to maintain
the essential functional seal created within the joint
cavity. Thus the structural integrity of the very struc-
tures that must create this type of seal has been
compromised.

Many tests have been described for assessing insta-
bility of the glenohumeral joint. Regardless of the
name of the test, the intent remains the same: to trans-
late the head of the humerus parallel to the glenoid
surface through the application of shear forces in
varying degrees of glenohumeral positioning and with
the glenohumeral joint placed in high risk positions.
The examiner assesses the quantity, quality, and end
feel of the translation, all the while noting the effect on
the patient’s familiar symptoms. Instability is a clinical
diagnosis and should not be confused with generalized
joint laxity. Although individuals with excessive joint
laxity are at risk for instability, the clinical diagnosis
typically is made when function is impaired or pain
results. Table 4-2 lists clinical tests and evaluation find-
ings that lead us to suspect glenohumeral instability.
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Glenoid labrum

Articular cartilage

Figure 4-6. The sealing phenomenon of the gleno-
humeral joint capsule results from the thicker articular
cartilage and the fibrous glenoid labrum, which give the
periphery of the glenoid rim greater flexibility. As the
head of the humerus is compressed into the glenoid, its
ease of deformability on the peripheral aspect of the gle-
noid allows the creation of a negative pressure within the
glenohumeral joint, thereby contributing to gleno-
humeral stability.

Table 4-1. Anatomical Changes
Contributing to the Loss of

Glenohumeral Stability

1. Defects in the glenoid labrum
2. Irregular, roughened surface of humeral head (DJD)
3. Increased fluid volume within joint cavity
4. Defect in joint capsule
5. Loss of compliance of joint capsule or glenohumeral

ligaments

DJD, Degenerative joint disease.
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Labral Defects

Labral defects can occur along any portion of the
glenoid, but two in particular have received a great
deal of clinical attention: the Bankart lesion and the
SLAP (superior labral anterior to posterior) lesion.
The Bankart lesion is a detachment of the labrum
from the anterior glenoid rim (Figure 4-7, A). Forced
abduction and external rotation of the glenohumeral
joint at endrange loads the anterior-inferior aspect of
the joint capsule and the anterior labrum and is the
typical position in which the detachment of the
labrum and stretch or tear of the inferior gleno-
humeral ligament complex might occur, resulting in
the Bankart lesion.

Trauma, typically forced abduction and external
rotation or a force over the back of the humerus driv-
ing it anteriorly against the anterior capsular wall, can
result in glenohumeral subluxation or dislocation in

addition to a Bankart lesion. A tear of the anterior
labrum and capsule renders the joint unstable as a
result of this trauma. This type of injury is easily rec-
ognized and has resulted in one of the more common
classifications of glenohumeral instability, referred to
by the acronym TUBS (Traumatic Unilateral Bankart
Surgery). TUBS means the mechanism of injury was
trauma to one shoulder (unilateral), resulting in a
Bankart lesion that most likely requires surgery to
repair the labrum and avulsed capsular complex in
order to restore joint stability (see Chapter 5).

Cumulative stresses may also place excessive stress
on this same anterior capsule-labrum complex. A
good example is throwing. During the late cocking
phase of throwing, the shoulder is in maximal external
rotation while the body is moving forward. With the
arm going “backward” in external rotation and the
body simultaneously coming forward, there is a con-
siderable buildup of tensile stress to the anterior cap-
sule and labrum that renders the region susceptible to
damage and a resultant Bankart lesion. Such cumula-
tive stress can result in a continuum of tissue damage
in the Bankart lesion from simple fraying of the
labrum to detachment and substantial fraying of
the labrum.22

We want to emphasize the importance of the
strength and endurance of the scapular muscles in
helping to prevent Bankart lesions now that the mech-
anisms of injury leading to Bankart lesions are under-
stood (Figure 4-7, B and C). If the scapular stabilizers
cannot position the scapula in the scaption plane, the
potential for greater stress to the anterior capsule-
labrum complex increases. When the scapula “lags”
behind in the frontal plane during the cocking phase
of throwing, it results in the anterior capsule and
labrum being placed under a significant tensile load.
In contrast, scapular muscle control that places and
helps maintain the scapula closer to the scaption plane
will minimize the stress to the anterior capsule-labrum
complex.

The detachment of the superior labrum–long head
of the biceps complex is referred to as a SLAP lesion
(Figure 4-8). There are several different mechanical
derangements of the long head of the biceps tendon
that have been described and range from a minor
avulsion of only a few fibers to complete separation of
the biceps tendon and labrum away from the glenoid
so that it resembles the classic bucket handle lesion of
the knee joint.12

The SLAP lesion typically occurs with shoulder
trauma that might occur with glenohumeral
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Table 4-2. Tests and Examination
Findings Pointing Toward
Glenohumeral Instability

1. Positive sulcus sign
• Excessive space noted at suprahumeral region as a result 

of inferior translation of humerus
• Can be assessed for in a neutral position and at 90 degrees

abduction
2. Positive drawer test

• Excessive anterior or posterior translation of humeral 
head on glenoid

• Can also be performed with shoulder in varying ranges of
elevation or rotation

3. Positive load and shift test
• Compression of head of humerus into glenoid and then

anterior-posterior translation assessed
4. Positive apprehension test (crank test)

• Shoulder is positioned at 90 degrees abduction and slowly
externally rotated

5. Positive relocation test
• Apprehension position is repeated but with examiner 

stabilizing anterior aspect of joint
6. “Clunk” test

• Full overhead flexion and caudal glide from which 
position the examiner performs a circumduction motion
of the humerus, trying to cause a clunk of the humeral
head over anterior labrum

7. Anterior glenoid rim tender with palpation
8. Past frequency of dislocations or reductions
9. Does arm transiently “go dead”?

10. Are there associated impingement phenomena?
11. What is the generalized connective tissue “laxity” of the

patient?
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Bankart
lesion

Figure 4-7. A, This view shows the anatomical location of the Bankart lesion. B and C, Visualize
the stress to the anterior wall of the glenohumeral joint capsule and capsular ligaments during the
cocking phase of throwing. In addition, the position of the scapula (protracted versus retracted) also
determines whether there is a shear stress or compression stress between the humerus and the glenoid.
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dislocations or subluxations, with falls on the out-
stretched arm, and in throwing sports and overhead
work.55 These mechanisms of injury result in several
different loading patterns to the labrum–biceps tendon
complex. The fall on the outstretched hand drives a
force through the long axis of the humerus and ulti-
mately compresses the soft tissues located within the
suprahumeral space into the undersurface of the cora-
coacromial arch. This not only excessively compresses
the rotator cuff tendons but also the superiorly posi-
tioned glenoid labrum–biceps tendon complex.54

Traction through the long head of the biceps ten-
don associated with the repetitive motion and deceler-
ation requirements of throwing or racquet sports may
also result in avulsion of the labrum–biceps tendon
complex. The throwing motion is especially complex
since considerable stress is applied to the biceps ten-
don during the deceleration phase of the throwing
motion. During this phase of the throwing motion, the
elbow is rapidly extending and the biceps is contract-
ing vigorously to control the rate and extent of the
elbow extension (Figure 4-9). The tension increase at
the attachment of the biceps tendon to the labrum is
due to the eccentric contraction of the biceps, as well

as the extension motion of the elbow and arm.
Another example of increased tension is the rapid
overload to the elbow flexors, such as in catching a
falling object or in rapid jerking motions of lifting.

The superior aspect of the glenoid labrum (the
region on the glenoid face between 11and 3 o’clock) is
even more complex because the labrum–long head of
the biceps tendon complex is also intimately related to
the superior and middle glenohumeral ligaments (see
Figure 4-8). The anatomical configurations of this
confluence of highly specialized connective tissue may
take several different variations, and therefore the line
between a pathological lesion in this region and a nor-
mal variant of the anatomy remains unclear. The clin-
ical picture is further complicated because the
superior portion of the glenoid labrum is typically less
vascular than the inferior aspect. Thus there may be
limitations to the healing capabilities of the superior
region in pathological states.12
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SLAP lesion

Figure 4-8. Note the close relationship of the long
head of the biceps tendon and glenohumeral ligaments
in this superior aspect of the glenoid labrum. This is also
the location of the SLAP lesion. 

C
Figure 4-7, cont’d
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A clinician should suspect glenohumeral instability
whenever the patient’s history is suggestive of a defect
to any aspect of the glenoid labrum. A few endrange
movement tests of the glenohumeral joint have been
described in this chapter, but labral defects present an
even more formidable rehabilitation challenge.
Although labral lesions are difficult to detect with non-
invasive tests during the physical examination, there
are some symptoms and signs that can lead us to sus-
pect that the labrum is involved. These include sensa-
tions of “catching” or “clicking” during specific
repetitive shoulder movements and the presence of
tenderness to palpation when the soft tissues over the
anterior aspect of the glenoid rim are compressed by
the examiner’s fingers and moved over the anterior
glenoid rim (see Chapter 5).

The Joint Capsule and Synovial
Membrane

A fibrous capsule lined with a synovial membrane
envelops the glenohumeral joint. It is similar to most
synovial linings of the joints, and its cells within the
synovium synthesize and maintain the major compo-
nents of the joint fluid. The remarkable feature of the
joint fluid is that it adheres to the articular cartilage,
enhancing joint lubrication, while simultaneously the
fluid-lined articular cartilage surfaces “stick” to each
other. This is an important factor that contributes to
glenohumeral joint stability. Disease processes such as
rheumatoid arthritis, in which the viscosity of the syno-
vial fluid is altered or where the ability of the synovial
fluid to adhere to cartilage is diminished, can result in
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Biceps tendon
(long head)

Figure 4-9. The deceleration
phase of the throwing motion puts
significant stress to the long head of
the biceps tendon because the
biceps muscle is contracting vigor-
ously to control the rate and extent
of elbow extension.
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joint instability. This is because of the decrease in the
adhesive and cohesive properties of the synovial fluid.
In addition, the osmotic pressure equilibrium between
joint fluid and the synovial lining is altered.

The joint capsule itself is fairly thin and redundant
and makes a minimal contribution to static gleno-
humeral joint stability. Medially, the capsule is attached
to the complete rim of the glenoid just outside the gle-
noid labrum. Laterally, the joint capsule is attached to
the anatomical neck of the humerus. Most of the con-
nective tissue fibers of the capsule run horizontally, but
close inspection of the capsule reveals oblique and
transverse fibers as well. One of the unique features of
the joint capsule is its laxity. Not only can the scapula
and humerus be moved relative to each other, but when
the glenohumeral joint is abducted so as to relax the
superior portion of the capsule, the joint surfaces can
also be slightly “decompressed” as a result of distractive
force. When the arm is at the side, the inferior part of
the capsule is typically lax with a characteristic redun-
dant “fold.” This fold is taken out of the joint capsule as
the arm is elevated, and the inferior aspect of the joint
capsule becomes increasingly taut.

Another unique feature of the shoulder joint capsule
is the additional support it receives on its outer and
inner aspects. The external aspect of the fibrous cap-
sule is supported by the four rotator cuff tendons (see
Chapter 3): the supraspinatus on the capsule’s superior
surface, the infraspinatus and teres minor on the poste-
rior surface, and the subscapularis on the anterior sur-
face (Figure 4-10). Although not considered part of the
rotator cuff, the long head of the triceps supports the
inferior aspect of the joint capsule, particularly when
the humerus is in a position of forward elevation.

The relationship of the rotator cuff tendons to the
joint capsule is important because the cuff tendons
have well defined bony attachments to the humeral
tuberosities and completely blending with the fibrous
capsule of the glenohumeral joint (see Figure 4-10). As
noted in Chapter 3, contraction of the rotator cuff
muscles not only results in movement of the humerus
on the scapula but also contributes to increasing ten-
sion to the glenohumeral joint capsule. The increase
in capsular tension results in enhanced stability at the
glenohumeral joint through a type of dynamic sup-
port to glenohumeral stability as a result of increased
muscle action augmenting the connective tissue stiff-
ness of the joint capsule.

This relationship of the rotator cuff tendons to the
joint capsule is especially important to consider in the
examination of the patient with limited range of

motion of the glenohumeral joint. Unless the muscula-
ture is fully relaxed, passive motion of the humerus on
the glenoid will present as limited glenohumeral
motion. In addition to considering that the capsule itself
might have been subjected to adaptive shortening or
has fibrous adhesions, it is also anatomically and neuro-
physiologically plausible to consider that an increased
resting tension or protective guarding of the rotator cuff
musculature, in particular the infraspinatus and teres
minor, may be contributing to limited motion.

For example, a limitation in glenohumeral internal
rotation may be due to tightness of the posterior cap-
sule but might also be a result of increased resting
state of muscle contraction of the infraspinatus and
teres minor muscles in order to minimize compression
within the suprahumeral space. Figure 4-11 demon-
strates a patient with limited internal rotation on one
side compared with the other. Note that because of
the arm position, the internal rotation motion itself
results in increased compression of the humeral head
into the coracoacromial arch. It is this resultant com-
pression to previously irritated or swollen tissues
(impingement syndrome) that may trigger the imme-
diate protective guarding of the shoulder external
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Figure 4-10. A lateral view of the glenohumeral joint
capsule shows the relationship of the rotator cuff ten-
dons to the capsule’s external aspect. 
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rotators and minimize any further motion in the direc-
tion of internal rotation.

The openings found within the fibrous capsule itself
are the final unique anatomical features of the joint cap-
sule. Typically there are two openings, but occasionally
three may be seen. One opening is present at the upper
region of the intertubercular (bicipital) groove. This
opening allows the long head of the biceps tendon to
travel along the superior head of the humerus in its
course to reach the supraglenoid tubercle and the gle-
noid labrum of the scapula. At the region in which this
opening appears, the fibrous capsule becomes increas-
ingly thick and the fibers of the capsule contribute to the
intricate framework of connective tissues that help
secure the long head of the biceps in the intertubercular

groove (see Chapter 3). The second opening of the
fibrous capsule is anteriorly placed, which permits com-
munication of the synovial membranes of the gleno-
humeral joint capsule with the synovial bursal sac
forming the subscapular bursa. The subscapular bursa
lies deep to the subscapularis tendon as it crosses the gle-
noid neck and travels toward the lesser tuberosity (Figure
4-12). A third opening is often found posteriorly in which
the synovial membrane of the joint capsule communi-
cates with the infraspinatus bursa in the same way com-
munication with the subscapularis bursa occurs on the
anterior aspect of the joint.

The Capsular Ligaments

In addition to the external reinforcement of the
capsule by the rotator cuff tendons, further support is
provided on the inner surface of the joint capsule by
three ligaments: the superior, middle, and inferior
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Opening for communication
with subscapular bursa

Biceps tendon
(long head)

Figure 4-12. The anterior aspect of the capsule
demonstrates the two constant openings of the fibrous
joint capsule: the opening for the long head of the biceps
and the opening for the communication with the sub-
scapular bursa.

Figure 4-11. The patient has been asked to internally
rotate both shoulders from the starting position of 90
degrees abduction. The right shoulder demonstrates lim-
ited internal rotation, which might be caused by two dif-
ferent reasons: a tight posterior capsule or protective
guarding of the infraspinatus and teres minor as they
contract to minimize further compression of the head of
the humerus into the coracoacromial arch in the patient
with a shoulder impingement lesion.
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glenohumeral ligaments. Because these ligaments are
featured primarily on the inner aspect of the anterior
wall of the joint capsule, the anterior aspect of the
joint capsule is noticeably thicker than the posterior
part of the capsule.

The superior glenohumeral ligament (Figure 4-13)
is thin and slender. It is attached to the glenoid rim
immediately adjacent to the long head of the biceps
tendon and travels toward the humerus paralleling the
long head of the biceps, attaching to the upper aspect
of the lesser tuberosity. The middle glenohumeral lig-
ament lies just inferior to the superior glenohumeral
ligament and attaches to the lesser tubercle just below
the subscapularis muscle attachment.

The largest and most developed of these ligaments is
the inferior glenohumeral ligament. Its breadth is such
that it can be studied as three functional subparts: an
anterior component (anterior-inferior glenohumeral
ligament), an axillary component (axillary-inferior
glenohumeral ligament), and a posterior component
(posterior-inferior glenohumeral ligament).47 The
placement of this ligament on the glenoid is best

described by viewing the glenoid as the face of a clock.
The extent of this ligament is such that the attachments
of the three components of the inferior glenohumeral
ligament span an area from approximately 3 to 8
o’clock. Such an arrangement of the three components
results in the ligament serving as a sling or “hammock”
for the head of the humerus (see Figure 4-13). When
our arm is at our side, the inferior glenohumeral liga-
ment serves to support the head of the humerus. When
our arm is abducted and externally rotated, however,
the major components of the inferior glenohumeral lig-
ament are positioned anterior to the head of the
humerus and help stabilize it against anterior transla-
tion of the humeral head on the glenoid (Figure 4-14).
If the applied force of abduction and external rotation
exceeds the connective tissue tolerance of the inferior
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Figure 4-13. The superior, middle, and inferior gleno-
humeral ligaments reinforce the inner wall of the joint
capsule. The superior glenohumeral ligament is the
smallest of the three ligaments, whereas the inferior
glenohumeral ligament is the largest.
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Figure 4-14. The inferior glenohumeral ligament lies
inferior to the axis of the joint in anatomical position,
and the head of the humerus lies on it “hammock”
style. When the humerus is abducted (ABD) and exter-
nally rotated (ER), the ligament is pulled upward and
becomes positioned anteriorly to the joint, thus serving
as a major restraining force for anterior translation of
the humeral head. 
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glenohumeral ligament, the connective tissue fibers are
torn or stretched. The lack of a restraining force to
anterior translation by the inferior glenohumeral liga-
ment potentially results in instability of the gleno-
humeral joint, especially when the arms are lifted away
from the body.

The final capsular ligament that we discuss in this sec-
tion is the coracohumeral ligament. Unlike the gleno-
humeral ligaments that lie on the inner wall of the
shoulder joint capsule, the coracohumeral ligament lies
on the external surface of the fibrous capsule. As the
name implies, it extends from the coracoid process to the
greater tuberosity. This ligament is located in a region of
the superior joint capsule known as the rotator interval.
The rotator interval is a space bound by the anterior
border of the supraspinatus muscle and the superior
border of the subscapularis muscle (Figure 4-15).
Therefore, from superficial to deep, the rotator interval
is occupied by the coracohumeral ligament, the joint
capsule, the superior glenohumeral ligament, and the
long head of the biceps tendon.

Pathology: Adhesive Capsulitis, 
or “Frozen Shoulder”

Shoulder stiffness, and the pain and disability
resulting from such stiffness, can be caused by a vari-
ety of reasons. Here we discuss those elements of
shoulder stiffness that appear related to changes in
the joint capsule or the glenohumeral ligaments. The
term adhesive capsulitis was first noted by Neviaser.43

He described a clinical condition of limited shoulder
movement that appeared to result from an inflam-
matory process, which changed the compliance of
the joint capsule connective tissues. This sequence
resulted in fibrosis and thickening of the capsule and
ligaments. Motion limitation associated with such
diffuse connective tissue changes results in all gleno-
humeral motions being affected rather than a limita-
tion of motion in only one direction.

The pathogenesis of the stiff glenohumeral joint
(adhesive capsulitis, or “frozen shoulder”) is most
likely a cascade of cellular events that begins with an
inflammatory reaction. Such inflammatory events
are marked by increased vascularity and the presence
of inflammatory cells in the synovium.25 The synovi-
tis results in a fibroblastic response within the adja-
cent capsule. The insult initiating inflammation is
typically unknown, although microtrauma and
macrotrauma or autoimmune reactions associated
with the cells or vasculature of the joint capsule and
synovial lining may be contributing factors. The
result of a chronic inflammatory process can be
fibrosis, which results in thickening of the normally
thin and redundant capsule with associated contrac-
tures of the collagen fibers.44

Cyriax proposed that inflammation of the joint
capsule and a resultant limitation of motion fol-
lowed a predictable pattern of limitation.11 He
called the proportional limitation of motion “the
capsular pattern” and suggested that all synovial
joints have a predictable proportional loss of motion
when the joint capsule is the primary structure
involved. The capsular pattern for the shoulder is
described as a motion pattern in which the external
rotation is the most limited motion, followed by
glenohumeral (not total shoulder) abduction, and
internal rotation as the least limited motion. The
examiner will usually assess the patient for a capsu-
lar pattern when examining the shoulder using
passive range-of-motion maneuvers. It is essential
that the tests applied are truly passive in nature. If
there is muscle guarding or the patient actively
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Rotator
interval

Figure 4-15. The rotator interval is the portion of the
capsule in which there is no reinforcement by the rotator
cuff tendons. It lies between the subscapularis muscle
and the supraspinatus muscle. The coracohumeral liga-
ment supports the capsule in this space.
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assists with the motion, a true assessment of the
noncontractile tissues, such as the joint capsule, can-
not occur. Although many patients with a stiff and
painful shoulder may not have these exact propor-
tions of limitations, it is quite remarkable how com-
mon it is for external rotation to be exquisitely
painful and limited and a passive external rotation
maneuver to quickly elicit protective muscle spasm.
This is a good indication that the joint capsule is
involved in the syndrome.

Asymmetric tightness of the capsule, which
implies that only one region of the capsule is tight
rather than the complete capsule, alters the mechan-
ics of the humerus as it moves under the coracoacro-
mial arch by forcing it to translate away from its
central point on the glenoid.26,38 Matsen and col-
leagues have used the term obligate translation to
describe the phenomenon of the tight capsule push-
ing on the humerus, which shifts it off its central
position on the glenoid (Figure 4-16).38 When flexing
the shoulder with a tight posterior joint capsule, the
humeral head is driven up and forward into the
undersurface of the anterior coracoacromial arch,
compressing the soft tissues located in this region.

THE SUPRAHUMERAL-
SUBACROMIAL INTERFACE

The interface between the superior aspect of the
humerus and the inferior aspect of the acromion has
long captured the attention of clinicians as an
anatomical region from which numerous shoulder dis-
orders may emanate. The inferior bony border of the
region is the convex head of the humerus, particularly
the greater tuberosity, whereas the concave undersur-
face of the acromion and coracoid process serve as the
superior border. The complete extent of the concave
arch is even more complex because it is formed by a
combination of bony tissue and other specialized con-
nective tissues. From posterior to anterior, the arch is
formed by the acromion, acromion process, cora-
coacromial ligament, and the conjoint tendons of the
short head of the biceps and coracobrachialis muscles
(Figure 4-17).

The convex partner of this interface is truly
unique. It consists of the head of the humerus and
attached rotator cuff tendons, which are intimately
blended with the glenohumeral joint capsule. The
subacromial bursa lies at the interface between the
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Figure 4-16. The concept of
obligate translation is exhibited
when tightness of the posterior
capsule results in the humerus
being driven superiorly and ante-
riorly into the coracoacromial
arch, thus compressing the soft tis-
sues in this interface.
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rotator cuff tendons and the undersurface of the con-
cave arch (Figure 4-18). The space between the con-
vex humeral head and the arch that is formed by the
acromion, coracoacromial ligament, coracoid, and
conjoint tendons is approximately the thickness of the
rotator cuff tendons. Attrition (thinning) of the rota-
tor cuff tendons results in a decrease in the height of
the subacromial space.

Previously we described the motion between the
humerus and glenoid fossa. Note, however, that
because of the attachment of the rotator cuff ten-
dons to the head of the humerus, any movement of
the humerus must result in the rotator cuff tendons
themselves “gliding” under the arch in the interface
formed by the acromion, coracoacromial ligament,
coracoid process, and conjoint tendons (Figure 4-19,
A and B). Smooth movement of this “sphere” formed
by the humeral head and cuff tendons precisely
within the socket created by the subacromial arch is

dependent on many factors, the most important of
which are synchronized and coordinated contrac-
tions of muscles moving the humerus and scapula,
the laxity of the glenohumeral joint capsule, the
smoothness of the undersurface of the coracoacro-
mial arch, and the smoothness and thickness of the
rotator cuff tendons.

As a result of the arrangement of rotator cuff ten-
dons within this space, two surfaces of the rotator cuff
tendons are described: the bursal surface of the tendons,
which refers to the superior aspect of the infraspina-
tus–teres minor complex, supraspinatus, and sub-
scapularis, and the articular surface of the cuff tendons,
which refers to the deepest part of the cuff tendons.
This deep part of the cuff tendons is that portion
blending in with the superficial aspect of the gleno-
humeral joint capsule.

This anatomical arrangement would suggest that
friction might occur between the rotator cuff tendons
and the undersurface of the coracoacromial arch and
result in the bursal surface of the tendons, especially
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Acromion
process Coracoacromial

ligament

Coracoid
process

Conjoint
tendon

Figure 4-17. The suprahumeral-subacromial interface
is shown when the concave hood is formed (from poste-
rior to anterior) by the acromion process, coracoacromial
ligament, coracoid process, and conjoint tendon of the
short head of the biceps and coracobrachialis. The con-
vex humeral head moves within this concavity, which is
part bony tissue and part specialized connective tissue.

Glenohumeral
joint capsule

Supraspinatus

Biceps
tendon
(long head)

Subscapularis

Subacromial bursa

Infraspinatus

Teres
minor

Figure 4-18. Interposed between the concave under-
surface of the acromion and the convex humeral head
are the rotator cuff tendons, subacromial bursa, biceps
tendon (long head), joint capsule, coracohumeral liga-
ment, and superior glenohumeral ligament. 
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the infraspinatus and supraspinatus, showing the ear-
liest signs of tendon degeneration. This does not
appear to be the case. Instead, the earliest signs of cuff
attrition occur on the articular side of the tendon, an
observation first noted by Codman in one of his clas-
sic manuscripts on the shoulder (Figure 4-20).7,19,58

The most distal region of the rotator cuff tendons is
that portion attaching to the tuberosities of the
humerus. It typically shows the first signs of rents in
the tendons, cell disruption, loss of uniformity of the
collagen bundles, and a loosening of the fibers from
their attachment.45 The initial point of rotator cuff

degeneration is the anterior aspect of the supraspina-
tus on its articular side, a region immediately adjacent
to the long head of the biceps tendon. As cuff degen-
eration advances, it begins to involve more of the
supraspinatus tendon and then typically extends into
the adjacent portion of the infraspinatus tendon
(Figure 4-21).24,38

This short discussion of the degenerative process
associated with the rotator cuff is important to our
understanding of the effect that cuff degeneration may
have on the integrity of the suprahumeral-subacromial
interface. The thickness of the cuff tendons serves as
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A. FLEXION B. EXTENSION

Figure 4-19. Motion of the
humerus on the glenoid allows the
superior aspect of the rotator cuff
tendons to glide under the concave
hood formed by the acromion,
acromion process, coracoacromial
ligament, and conjoint tendons.
Note the position of the rotator cuff
tendons under the hood (A) when
the humerus is flexed and (B) when
it is extended. 
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the spacer that lies between the humeral head and the
undersurface of the arch. This is relevant to shoulder
mechanics because the pull of the deltoid results in a
superior translational force of the humeral head on the
glenoid (Figure 4-22). Thinning of the rotator cuff ten-
dons can result in the humeral head riding superiorly
because of deltoid contraction and more closely
approximating the undersurface of the coracoacromial
arch. In addition, the superior translation of the
humeral head has the potential to further erode the
superior lip of the glenoid labrum and the complex
insertional region of the long head of the biceps
tendon.

The rotator cuff plays the key role in minimizing
this translation of the humerus both actively and pas-
sively when the deltoid contracts. Deficiency of the
complete rotator cuff results in significant translation
of the humeral head with deltoid activity.53 The supe-
rior migration of the head of the humerus results in
the head no longer being centered within the glenoid,
which in further compression of the cuff tendons and
bursa, affects the undersurface of the coracoacromial
ligament and the biceps tendon. If, however, only the
supraspinatus is markedly degenerated, the patterns of
motion of the humerus on the glenoid are not signifi-
cantly altered because the subscapularis and the infra-
spinatus are reasonably effective in maintaining the
head of the humerus in the glenoid.57

Two pathoanatomical changes to the arch have
clinical relevance. The first is the anatomical change

that occurs in the coracoacromial ligament. Note that
when the head of the humerus pushes up into the
undersurface of the coracoacromial ligament, the lig-
ament is forced to deform (see Figure 4-22). Such
deformation of the ligament results in a traction force
at the ligament’s attachments, namely, the anterior
aspect of the acromion process and the posterior
aspect of the coracoid process. This continuous micro-
trauma to the coracoacromial ligament can result in
several structural changes. One is the thickening and
roughening of the undersurface of the ligament. The
other is a change in the shape of the acromion via
resultant traction spurs that develop in the region of the
attachment of the ligament to the acromion.16,18,62

When you understand these mechanisms, it sheds a
different light on the varying shapes of the acromion
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Figure 4-20. The earliest signs of rotator cuff attrition
occur on the articular side of the tendon, rather than the
bursal side.

Cuff degeneration

Figure 4-21. The anterior aspect of the supraspinatus
tendon near its insertion into the greater tuberosity is one
of the earliest locations of cuff degeneration. This region
is immediately adjacent to the long head of the biceps
tendon. From this location the degenerative process can
extend through the supraspinatus tendon and into the
adjacent infraspinatus tendon.
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seen on radiographic evaluation (Figure 4-23). While
some of the different acromial shapes may be congen-
ital, it appears reasonable that the shaping of the
acromion process also might be an acquired phenom-
enon, which occurs because of the continuous and
prolonged loading patterns subjected to it, especially
the force of the head of the humerus on the under-
surface of the coracoacromial ligament. The three
acromial shapes most often described in clinical litera-
ture are Type I, which is relatively flat, Type II, which
is curved in shape, and Type III, which resembles a
hook.3

The second pathoanatomical change of note occurs
in the long head of the biceps tendon. Figure 4-24
shows “flattening” of the long head of the biceps ten-
don with a resultant vertical crease across its substance
because of its being trapped and subsequently

Increased compression

Figure 4-22. The pull of the deltoid results in a force
that translates the humeral head superiorly. The interpo-
sitioning of the healthy, thick rotator cuff tendon acts as
a spacer preventing movement of the head of the
humerus superiorly. Thus the head of the humerus
remains centered within the glenoid. This compression
has the potential to cause deformation or thickening of
the coracoacromial ligament. The trauma to the under-
surface of the ligament results in degeneration of the
undersurface and traction spurs at the intersection of the
ligament with the acromion process. 

Type I

Type II

Type III

Figure 4-23. The typical shapes of the acromion include
Type I, a relatively flat acromion; Type II with a more
curved presentation; and Type III with a hook-shaped
appearance. These different shapes may be acquired
because of the force of the humeral head against the under-
surface of the acromion and coracoacromial ligament.
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compressed between the humeral head and the cora-
coacromial arch.51,60 With severe attrition of the cuff
tendons, the cuff spacer effect is lost and the compres-
sive trauma to the biceps tendon can result in loss of
biceps tendon integrity with resultant rupture.

The subacromial interface is thus a socket in and of
itself under which the head of the attached rotator
cuff tendons must glide with any motion of the
humerus. Smooth motion within this socket is depend-
ent on the congruence of the surface of the subacro-
mial socket with the surface of the rotator cuff
tendons. Motions of the glenohumeral joint that bring
the greater tuberosity in close approximation to the
coracoacromial arch render the soft tissues vulnerable.
These motions are noted in Table 4-3 and should be
considered during evaluation of the shoulder.

The recognition of the intimate relationship
between the cuff tendons and the undersurface of the
coracoacromial arch has led to the development of
tests used to assess for compromise of the tissues
housed in this space. Although often termed impinge-
ment tests, it is clear that this region is much more com-
plex and making a diagnosis by simply attempting to
squeeze the cuff tendons under the arch may not
always provide accurate answers. Despite limitations,
impingement tests are an important part of the exam-
ination process for the patient presenting with shoul-
der pain because such tests begin to provide clues
about the health of the tissues in this highly special-
ized region.

Numerous tests have been described, but those initi-
ated by Neer and Walsh along with the application of
the examination techniques were among the first.42

The classic impingement test uses a maneuver in which
passive full elevation of the arm with overpressure at
endrange resulted in compression of the supraspinatus
tendon under the coracoacromial arch (Figure 4-25, A).
The forced elevation was intended to reproduce the
patient’s pain. If, following injection of a local anes-
thetic into the subacromial space, the pain was absent
with the same maneuver, a cuff impingement was sus-
pected. The Hawkins test places the humerus that is
flexed to 90 degrees in full internal rotation in order to
attempt to directly compress the greater tuberosity
(with the attached supraspinatus tendon) against the
undersurface of the coracoacromial ligament (Figure
4-25, B).27 Burns and Whipple noted that the cora-
coacromial ligament is in contact with the supraspina-
tus and biceps tendons as well with varying arcs of
shoulder motion (Figure 4-25, C).5 Such findings have
led to treatment of chronic cases of impingement via
coracoacromial ligament resection in order to decrease
compression to the underlying tendons.
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CUFF DEGENERATION

Biceps tendon
(long head)

Figure 4-24. As a result of the thinning of the rotator
cuff tendons caused by cuff tendon degeneration, the
long head of the biceps tendon becomes wedged
between the head of the humerus and the coracoacro-
mial arch. This results in a crease in the biceps tendon
and the possibility of biceps tendonitis or a complete
biceps tendon tear associated with partial or full thick-
ness tears of the rotator cuff tendons.

Table 4-3. Compromising the
Subacromial Space: Bringing the

Greater Tuberosity Closer to
the Coracoacromial Arch

1. Excessive superior translation of humeral head
2. Excessive anterior translation of humeral head
3. Limited external rotation of humerus
4. Decrease in scapular upward rotation
5. Altered scapular kinematics during motion
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Figure 4-25. The classic impingement test is demonstrated when, A, the humerus is pushed into full
forward elevation and overpressure is given to determine if pain is reproduced; B, based on the
Hawkins test, the examiner brings the arm to 90 degrees and maximally to internally rotate the
humerus, seeking to reproduce the patient’s pain; or, C, as we prefer, the examiner places one hand over
the top of the acromion and clavicle to fixate the scapula in downward rotation while forcibly elevat-
ing the humerus in varying arcs of motion and with varying degrees of internal and external rotation.

A B

C

New anatomical studies of the various impinge-
ment tests have caused clinicans to reconsider the
effect such tests might have on the articular side of the
cuff tendons, which is the initial site of tendon degen-
eration.59 Although this has been discussed in

Chapter 3, it is worthwhile that you briefly revisit this
clinical entity in the context of shoulder articulations.
In these cases the deep surface of the supraspinatus
tendon (articular side of the tendon) becomes com-
pressed against the superior glenoid with all of the
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classic impingement positions. Whereas attrition of
the bursal side of the cuff tendons is often considered
to be age related, young athletes in sports requiring
overhead activity, such as throwing sports, racquet
sports, volleyball, swimming, and weightlifting, are
often confronted with articular side lesions of the rota-
tor cuff tendons. Compression of the deep surface of
the tendon against the glenoid rim is referred to as
internal impingement.13 Such impingements occur
between the undersurface of the tendon and the
posterior-superior rim of the glenoid fossa and are sec-
ondary to repetitive microtrauma.56 With the arm in
the position of abduction, external rotation, and
extension, there is markedly increased contact
between the undersurface of the supraspinatus tendon
and the posterior-superior border of the glenoid rim.
The reader can appreciate that thousands of move-
ment cycles in and out of this position result in
increased friction and compressional loading between
the tendon and rim.

Therefore the examiner must be cautious in the inter-
pretation of pain with impingement tests since repro-
duction of symptoms may be due to bursal side
involvement of the tendon, articular side involvement of
the tendon, or both. It is important to move the humerus
through various positions of potential cuff tendon stress
in order to gain a better picture as to the positions and
loads that reproduce the patient’s symptoms.

It is clear that the discussion of impingement prob-
lems related to the suprahumeral-subacromial inter-
face has markedly expanded beyond the simple
concept of compression of the supraspinatus tendon
under the coracoacromial ligament. Our expanded
understanding is not simply academic: treatment
interventions are based on etiological factors associ-
ated with the syndrome, and the cause of the impinge-
ment phenomenon must be identified in order to treat
it most effectively. Impingement causes can include
those ranging from hypomobility to hypermobility of
the glenohumeral joint, loss of normal scapulotho-
racic kinematics, and rotator cuff weakness and
fatigue. Finally, the location of the lesion can range
from internal to external to full thickness.

THE ACROMIOCLAVICULAR
JOINT

We discuss the acromioclavicular joint at this point
in the text in order to review its mechanics and
because the location of the inferior aspect of the joint

is in the coracoacromial arch and may be a contribut-
ing factor in impingement syndromes. Changes in
structure and function of the joint because of injury
or degeneration can result in a compromise to the
suprahumeral space.

The acromioclavicular joint is formed by the distal
end of the clavicle and the medial aspect of the
acromion. The clavicle is shaped like a “lazy S.”
From its attachment to the acromion, it courses pos-
terior and then anterior to terminate on the sternum,
forming the sternoclavicular joint. The clavicle
serves as a source of muscle attachment (see Chapter
3) but also serves as the anterior “stabilizer” or
“strut” for the scapula and glenohumeral joint. The
acromioclavicular joint is unusual in that the two
approximating bony ends have a variety of subtle dif-
ferences in shape and joint planes, and the articula-
tion, formed by two flat surfaces approximating each
other, seems poorly designed to withstand the stresses
that reach the shoulder with activities of daily living
and sports.

The distal end of the clavicle typically rides higher
than the acromion, which makes the palpation of the
acromioclavicular joint line relatively easy on most
patients (Figure 4-26). Although the joint surfaces are
lined with hyaline cartilage in children and teenagers,
both surfaces have fibrous cartilage by a young adult
age. The joint cavity of the acromioclavicular joint
also features a small meniscus or meniscoid inclusion.
This meniscoid inclusion typically extends into the
joint from the superior aspect of the joint capsule.
Little is understood about the roles of this oddly
placed meniscus, but as seen with other menisci in the
body, it is assumed that the meniscus helps in the dis-
tribution of synovial fluid and in attenuation of the
different forces that reach the joint. The disc degen-
erates during adulthood, at which time it essentially
functions poorly or not at all.48

Because the disc is so poorly developed and the sur-
faces of the joint have such poor congruency, it is dif-
ficult for the acromioclavicular joint to dissipate forces
in the manner seen in other joints. The weight-bearing
surface area is small, and therefore forces distributed
over this small area result in very large pressure (P =
F/A). Large compressive and shear loads can result
from simple activities in which the arm becomes
weight bearing, such as leaning on our elbows or push-
ing a heavy object away from our body. In addition,
the large pectoralis major muscle exerts significant
compressive forces over the acromioclavicular joint by
virtue of its attachments. Because of this peculiar
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anatomy and associated influence on the mechanics,
degenerative joint conditions of the acromioclavicular
joint are very common.15,28 Furthermore, a high inci-
dence of coexisting pathological conditions with
symptomatic acromioclavicular joint problems, such
as biceps tendon pathology, full or partial thickness
rotator cuff tears, and tears of the glenoid labrum,
have been demonstrated.4

Motion of the scapula on the clavicle at the
acromioclavicular joint is not as great as often sug-
gested. The joint surface is designed to permit a
small amount of sliding and rotational movement
while transferring forces to the sternum through the
long axis of the clavicle. In 1934 Codman noted that
there was minimal motion at the acromioclavicular
joint and stated that this joint “swings a little, rocks a
little, twists a little, slides a little, and acts as a
hinge.”7 This simple statement is still a most accurate
description of this joint. Very little motion occurs
separately between the clavicle and acromion, and
that is the reason why the joint can be surgically
fused without marked disruption of shoulder girdle
mechanics. Instead, the motion of the scapula and
clavicle typically occurs together and in synchrony
instead of independently.52 Approximately 20
degrees of motion of the scapula on the clavicle

occurs in the frontal and sagittal planes, which is
probably more a function of the deformability of the
ligamentous framework supporting the joint than the
actual osteokinematics. A variety of scapular posi-
tions are thus possible, all to optimally set a scapular
platform from which the glenohumeral muscles can
work, including a clockwise or counterclockwise rota-
tion of the scapula on the clavicle and a tilting of the
scapula along a vertical axis, which allows the gle-
noid to face anteriorly or more directly laterally
(Figure 4-27, A and B).

The clinician needs to recognize the mechanics of
the acromioclavicular joint when designing exercises
for the upper extremity in the presence of acromio-
clavicular joint arthritis. For example, a flat bench
press (Figure 4-28, A) has the potential to excessively
load the acromioclavicular joint not only because of
the compressive load occurring as a result of pectoralis
major contraction but also because of the forced
retraction of the scapula and endrange loading of the
acromioclavicular joint in the chest position. Several
selectorized and plate-loaded resistance exercise units
place significant stress on the acromioclavicular joint
(Figure 4-28, B and C ).

The clavicle also has the potential to rotate on its
longitudinal axis. This motion primarily occurs at the
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Figure 4-26. Because the clavi-
cle typically rides a bit higher than
the acromion, the joint line of the
acromioclavicular joint can be
easily palpated in most patients.
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sternoclavicular joint, however, and as a result of
scapulothoracic rotation (i.e., upward rotation of the
scapula). This rotation is possible mostly because of
the attachment of the coracoclavicular ligaments to
the lateral undersurface of the clavicle (Figure 4-29,
A). When the scapula moves into upward rotation (as
a result of contraction of the serratus anterior and
upper and lower trapezius muscles), the coracoid
process moves inferiorly. Because the coracoclavicular
ligaments run superiorly from the coracoid to attach
to the clavicle, this movement of the scapula pulls the
posterior aspect of the clavicle downward as a result of
the downward movement of the coracoid process,

effectively causing a rotation of the clavicle on its lon-
gitudinal axis (Figure 4-29, B).

The articulation between the clavicle and
acromion is inherently unstable, and because the
joint has the above mentioned motion requirements,
its stability is largely a result of the specialized con-
nective tissue structures, namely the acromioclavicu-
lar ligaments and the coracoclavicular ligaments.
The stronger superior acromioclavicular joint liga-
ment and weaker inferior acromioclavicular joint lig-
aments surround the joint capsule. The superior and
inferior acromioclavicular ligaments are not, how-
ever, the primary sources of acromioclavicular joint
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Figure 4-27. Two of the motions that occur at the acromioclavicular joint are, A, rotation of the
scapula in a clockwise or counterclockwise direction, and B, motion of the scapula around a verti-
cal axis, which allows the glenoid to have a more anterior or lateral presentation.

A B
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stability. The orientation of these ligaments is such that
they help check anterior-posterior translational stress of
the clavicle on the acromion, or acromion on the clavi-
cle. The potential shifting of the clavicle posteriorly on
the scapula or the scapula posteriorly on the clavicle is
checked by the acromioclavicular joint ligaments.17

In contrast, the stability of the acromioclavicular
joint, especially in regard to superior-inferior move-
ment of the clavicle on the acromion, or the
acromion on the clavicle, is largely ensured by the two
portions of the coracoclavicular ligament, the conoid
and trapezoid (see Figure 4-29, A). The two-part cora-
coclavicular ligament is a short, stout ligament that
attaches along the apex of the convexity of the lateral

clavicle. Figure 4-30, A, shows the extent of the
attachment of the coracoclavicular ligaments along
the clavicle. The strong coracoclavicular ligament is
the primary restraint against the scapula moving infe-
riorly on the thorax away from the clavicle. The
direction of the fibers also suggests that the ligament
counters or checks the strong pull of the trapezius,
which is attached to the lateral clavicle. The reader
can appreciate the strength of the coracoclavicular
ligament by considering that the scapula and attached
upper extremity literally “hang” from the clavicle via
the stout coracoclavicular ligament (Figure 4-30, B).
Disruption of this ligament markedly diminishes the
vertical stability of the scapula.
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Figure 4-28. A, In the flat bench press, the acromioclavicular joint is often forced to its endrange
position, which can be extremely problematic for an acromioclavicular joint with slight degenerative
changes. B, Use of the incline bench press places less stress on the acromioclavicular joint because
the scapula is not brought into such extreme retraction. C, Note that the bilateral pec deck exercise
unit also has the potential to take the scapula into extreme endranges on the clavicle.
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Movement of the glenohumeral and scapulothoracic
articulations ultimately terminates at the sternum via
the clavicle. The acromioclavicular joint essentially acts
like a stabilizing arm that has articulations at either end
permitting accommodation or translatory movement.
This anatomical relationship is much like a tie rod in an
automobile, which functions to stabilize and direct
movement from one surface to another.

Mechanical disorders of the acromioclavicular joint
can be due to several factors. A fall directly on the
acromion process, especially with the arm adducted
into the body, violently pushes the scapula inferiorly,
which potentially disrupts the acromioclavicular liga-
ments, joint capsule, and coracoclavicular ligaments.
Acromioclavicular joint sprains are typically classified
as Type I through VI injuries with an increasing level of
bony, ligamentous, and muscle disruption that is more

pronounced in Types IV, V, and VI (Table 4-4). The
first three classifications (Types I, II, and III) are the
most common types seen in the ambulatory outpatient
setting. Type I injuries feature sprain of the acromio-
clavicular ligaments, but since the coracoclavicular liga-
ment is intact, there is no loss of joint stability. Type II
injuries feature torn acromioclavicular ligaments but
only a sprain of the coracoclavicular ligament, and
therefore some joint stability is compromised. Type III
injuries feature a dislocation of the clavicular and
acromion joint surfaces. Type III injuries are more
complex than initially meets the eye because the attach-
ments of the deltoid and the trapezius are also dis-
rupted depending on the direction of the dislocation.
The deltoid attachment on the lateral aspect of the
clavicle and the acromion is in the same insertional
region as the trapezius, and since both of these muscles
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Conoid
ligament

Trapezoid
ligament

Upward
rotation

Figure 4-29. A, The coracoclavicular ligaments are composed of two components: the conoid lig-
ament and trapezoid ligament extend from the superior aspect of the coracoid to the inferior aspect
of the clavicle. B, As the scapula is upwardly rotated, the clavicle moves up and away from the cora-
coid process. The coracoclavicular ligaments hold the posterior part of the clavicle downward, cre-
ating rotation of the clavicle on its longitudinal axis.
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span the acromioclavicular joint, they become compro-
mised after Type III injuries and are more grossly dis-
rupted by an injury classified as Type IV through VI.

The acromioclavicular joint can also be symptomatic
as a result of degenerative joint disease, osteoporosis, or
osteolysis of the lateral aspect of the clavicle. Osteolysis
is seen primarily in individuals with repeated heavy
stresses to the shoulder, such as weightlifters or heavy
laborers. Pain from the acromioclavicular joints is typi-
cally felt along the C3-C4 dermatomal distribution,
which is localized to the superior and anterior aspects of
the shoulder. Referred pain may also be felt in the
anterolateral neck and trapezius-supraspinatus region.20

It is not typical for pain from the acromioclavicular joint

to refer into the forearm or hand, and if such symptoms
are present, the clinician should examine the complete
upper quarter. Pain is often reproduced with palpation,
and the joint can be provoked in the physical examina-
tion by maximally horizontally adducting the arm that
has been elevated forward (Figure 4-31).

THE SCAPULOTHORACIC
INTERFACE

Nearly all shoulder function requires movement of
the scapula concurrent with movement of the humerus.
Scapular motion complements glenohumeral motion,
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Trapezoid ligament

Conoid
ligament

Coracoid

Clavicle

Figure 4-30. A, This view shows the extent of the attachment of the coracoclavicular ligament
(conoid and trapezoid components) along the inferior aspect of the clavicle. B, Appreciate the
strength of the coracoclavicular ligament. The scapula and upper extremity “hang” from the clavi-
cle via the coracoclavicular ligament. 
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and it also is essential to achieving the full range of
shoulder movement possibilities. For example, reaching
completely forward is the summation of scapular pro-
traction and shoulder flexion. Likewise, reaching
behind our back or attempting to scratch our own back
requires the humerus to be adducted, hyperextended,
and internally rotated, and the scapula must be
retracted and downwardly rotated as well. These
motions are complex because they involve movement of
the scapula over the thorax, the scapula on the clavicle,
and the clavicle on the sternum. While historically a 2:1
ratio of glenohumeral motion to scapulothoracic
motion has been discussed, the scapular contribution to

elevation of the arm is much more complex in terms of
the subtleties of the motion and highly variable
depending on the loads the arm is lifting.41

Because the scapulothoracic interface is limited to
the acromioclavicular joint and the glenohumeral
joint in terms of bony articulations, and the scapula is
only indirectly attached to the axial skeleton at the
sternoclavicular joint via its linkage to the clavicle, the
scapula is almost entirely dependent on the muscula-
ture for its mobility, as well as its ability to be fixated
or stabilized on the thorax. The Kibler lateral scapu-
lar slide test is designed to look at the posture of the
scapula as it rests on the thorax.14,32,33 In this test the

Table 4-4. Acromioclavicular Joint Injuries 

Pathology Clinical Findings Management

Type I

Minor sprain of AC ligaments Tender to palpation Ice, sling 5-7 days
Isometrics, ROM
Return to activity after 2 weeks

Type II

AC ligament rupture Pain with provocation Ice; sling 1-3 weeks
Distal clavicle unstable Higher riding clavicle Isometrics, ROM when symptoms 

decreased
Coracoclavicular ligaments intact Accessory motion increased Return to activity after 2-4 weeks

May have residual deformity

Type III

AC ligament rupture Marked deformity, asymmetry Ice; sling 2-4 weeks
Coracoclavicular ligament rupture Distal end of clavicle unstable and Isometrics, ROM when tolerated

palpable
Deltoid, trapezius disruption Consider surgical repair

Type IV

AC ligament rupture Marked deformity and disability Surgery
Coracoclavicular ligament rupture
Deltoid, trapezius disruption
Clavicle lodged in trapezius

Type V

AC ligament rupture Marked deformity and disability Surgery
Coracoclavicular ligament rupture
Deltoid, trapezius detachment
Marked displacement of clavicle

Type VI

AC ligament rupture Marked deformity and disability Surgery
Coracoclavicular ligament rupture
Deltoid, trapezius disruption
Clavicle displaced behind coracoid 

process and conjoint tendons
Rib and soft tissue injury

ROM, Range of motion; AC, acromioclavicular joint.
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Figure 4-31. In a provocational
test of the acromioclavicular joint,
the arm is flexed and brought into
horizontal adduction and then
gentle overpressure is applied.

distance from the inferior angle of the scapula to the
corresponding thoracic vertebra is measured for both
scapulae. Then both sides are compared after plac-
ing the arms in three different positions: at the side,
with the hands on the hips, and at 90 degrees abduc-
tion with full glenohumeral internal rotation.
Differences of less than 1 cm bilaterally are consid-
ered normal, whereas differences greater than 1.5
cm are considered abnormal. Litchfield and co-
workers noted further that the Kibler lateral slide test
was valid for helping to identify patients with
impingement.36 In other words, patients with sus-
pected scapular asymmetry had evidence of
impingement syndrome.

Although the term scapulothoracic interface is used to
imply motion of the scapula on the thorax, the motion
interfaces are actually between the deep aspect of the
serratus anterior muscle and the ribs, intercostal mus-
cles, and serratus posterior muscles and between the
deep surface of the subscapularis muscle and the super-
ficial surface of the serratus anterior muscle. Several
bursae are present at these interfaces. One large bursa
is located at the superior medial corner of the scapula
and lies between the serratus anterior and subscapularis
muscles. Another large bursa that typically is prominent
in most shoulder dissections lies between the serratus
anterior muscle and the lateral wall of the chest.
Therefore the scapula lies within a canopy of muscles,

and it is the muscles that must move freely among one
another, as well as across the thoracic cage.

While “snapping scapula” is often thought to be a
condition related to the movement across thickened
bursal tissue, the causes of this syndrome are
unknown. It may be caused by a variety of reasons
including bony exostosis of the undersurface of the
scapula or the ribs, neoplasms of the scapula, or exces-
sive weight loss or muscle atrophy, in which the mass of
the subscapularis or serratus anterior no longer pro-
vides a thick cushion in which the scapula can sit.

In addition, a change in the position of the thorax
itself alters the position of the scapula at this scapu-
lothoracic interface. For example, the forward head,
rounded shoulder posture seen so often in the clinical
examination is often due to a thorax that is now cau-
dal and forward as a result of abdominal wall weak-
ness. This collapse of the thorax forward results in the
scalene muscles and sternocleidomastoid muscles pas-
sively pulling the cervical spine forward and also posi-
tions the scapula in protraction and downward
rotation, which potentially compromises the tissues
within the subacromial space. The relationship of the
abdominal wall to the shoulder girdle muscles is detailed
in Chapter 3.

Motion of the scapula occurs in numerous direc-
tions and planes simultaneously. Motions include
upward and downward rotation of the scapula
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(glenoid facing upward or downward, respectively),
protraction and retraction (also referred to as abduction
and adduction, respectively), elevation and depression,
tilting about a frontal axis, and tilting about a vertical
axis (Figure 4-32, A-E ). The wide range of scapular
movement is designed to provide optimal positioning
of this important bone so that the muscles originating
from it and moving the humerus are functioning at
their optimal length-tension relationship. Scapular
motion and muscle strength and endurance of the
muscles directly moving the scapula are essential com-
ponents of shoulder function. McQuade and col-
leagues noted that fatigue of the shoulder muscles has
a pronounced effect on the synchrony of movement
between the scapula and the humerus with a con-
comitant change in expected scapulohumeral
rhythm.40 This has significant implications for load
distribution at the glenohumeral joint and at the

suprahumeral region for sport activities and repetitive
motions associated with the work setting.

Treatment of many acute neck disorders is often
best begun with passive mobilization techniques of the
shoulder.50 Because scapulothoracic motion is so
essential for functional shoulder motion, mobilization
of the scapula is extremely important in the treatment
of many shoulder conditions, including frozen shoul-
der, or adhesive capsulitis syndromes, postsurgical
rehabilitation for rotator cuff repair, repair of
humeral fractures, and capsular repairs. Such mobi-
lization techniques are safe and help modulate pain
and maintain and restore motion of this key interface
(Figure 4-33).

Several muscles move the scapula directly by virtue
of their attachments. These include the serratus ante-
rior, trapezius, rhomboid major and minor, pectoralis
minor, and levator scapulae (see Chapter 3). Several

Figure 4-32. It is important to understand the various motions of the scapula relative to the tho-
rax: A, upward and downward rotation; B, protraction and retraction; C, elevation and depression;
D, tilting about a frontal axis; and E, tilting about a vertical axis. 
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other key muscles move the scapula indirectly by
virtue of their attachments to the humerus. These
include the latissimus dorsi (scapular depression and
retraction) and pectoralis major (scapular depression
and protraction). Finally, it is important to realize the
synergistic activity of the thoracoscapular and scapu-
lohumeral motions with everyday activities (Figure 4-
34). For example, when you pull a heavy weight
toward your body, which requires strong activity of
the humeral extensor, such as the posterior deltoid
and the teres major, the scapula must be fixated so
that these muscles have a stable origin to pull from. In
this example, the scapula retractors, such as the
rhomboids and middle trapezius, must strongly fixate
the scapula in order to allow the posterior deltoid and
the teres major to effectively move the humerus.

THE STERNOCLAVICULAR JOINT

The sternoclavicular joint is the upper extremity’s
only articulation with the axial skeleton, and thus the
weight of the upper extremity is continuously trans-
ferred through the clavicle to this important articula-
tion. Disorders of the sternoclavicular joint (sprains of

the joint or dislocations) are relatively rare, which
implies that the articulating elements, the medial end
of the clavicle and the sternum, are highly congruous
and result in bony stability. This is far from the case,
however, as the bony elements result, when considered
alone, in the sternoclavicular joint being one of the
least stable joints in the body.

Like the glenohumeral joint, the sternum and clav-
icle are poorly matched. Typically, less than half of
the medial end of the clavicle is in contact with the
concave clavicular notch of the sternum. A close look
at the medial end of the clavicle reveals it to be sad-
dle shaped, with its convex rim running vertically and
its concave region running anterior to posterior
(Figure 4-35, A). Given such poor congruency of the
joint partners, the stability of the joint must come
from the ligaments, namely the anterior and posterior
sternoclavicular ligaments, interclavicular ligament,
and the costoclavicular ligament, in addition to the
articular disc that supports the sternoclavicular joint
(Figure 4-35, B).

The articular disc of the sternoclavicular joint is
unique because it attaches inferiorly at the junction
of the first rib and sternum and then proceeds supe-
riorly to attach to the superior aspect of the clavicle
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Figure 4-33. Mobilization of the
scapulothoracic interface is accom-
plished from the side-lying position.
The scapula can be easily grasped by
the examiner and passively moved
across the thorax for superior and
inferior glides, protraction and
retraction, or tilting of the scapula
along a vertical axis. (From Porter-
field JA, DeRosa C: Mechanical neck
pain: perspectives in functional anatomy,
Philadelphia, 1995, WB Saunders.)
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(Figure 4-35, C). Note how the articular disc prevents
superior and medial displacement of the clavicle on
the sternum. Superficial to the disc is the broad cos-
toclavicular ligament (Figure 4-35, D). This ligament
is actually made of two parts and helps stabilize the
clavicle.

Perhaps the key ligament that resists upward dis-
placement of the clavicle away from the sternum is
the capsular ligament, particularly its anterior cap-
sule component. Just like most capsular ligaments,
the anterior and posterior sternoclavicular capsular
ligaments are thickenings of the joint capsule, with
the anterior in this case being quite substantial.
Bearn’s classic work on sternoclavicular stability
demonstrates that the capsular ligaments strongly

resist the upward motion of the clavicle. The motion
would occur simply because of the weight of the
upper extremity.2 The resting shoulder posture (point
of the shoulder being held up) is in large part a result
of the ligamentous structure of the sternoclavicular
joint resisting upward displacement of the clavicle’s
sternal end (Figure 4-36, A).

The motion of the scapula over the scapulothoracic
interface results largely from the mobility present at
the sternoclavicular joint (Figure 4-36, B). Motion
occurs in the horizontal and frontal planes, and rota-
tion occurs around the longitudinal axis of the clavi-
cle. This capability at the sternoclavicular joint plays a
great role in allowing the shoulder girdle its extraordi-
nary mobility.
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Rhomboids

Trapezius

Serratus
anterior

Figure 4-34. The scapula must be
stabilized by the serratus anterior,
trapezius, rhomboids, and levator
scapulae when the glenohumeral
joint flexes past 90 degrees. If the
scapula is not stabilized, the scapula
drops toward downward rotation,
resulting in a decrease in the
suprahumeral space.
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Sternoclavicular
joints

Clavicle
Articular disc

Sternum

First rib

Costoclavicular
ligament

Costoclavicular
ligament

Costoclavicular
ligament

Figure 4-35. A, The medial end of the clavicle is saddle shaped, with its convex rim running ver-
tically and its concave region running anterior to posterior. B, This large medial prominence (ster-
nal end of the clavicle) is poorly matched to the clavicular notch of the sternum, as the notch is much
smaller than the sternal end of the clavicle. C, The articular disc of the sternoclavicular joint passes
superiorly from the junction of the ribs and the sternum to the superior surface of the clavicle, effec-
tively dividing the joint into two compartments. D, The costoclavicular ligament originates from the
junction of the first rib and the sternum and courses superiorly to attach to the inferior margin of
the sternal end of the clavicle. The broadness of this ligament results in it stabilizing rotary and ele-
vation movements of the clavicle on the sternum.
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SUMMARY

We reviewed the articulations of the shoulder gir-
dle in this chapter, including the synovial joints and
key interfaces allowing shoulder motion. The study
of each articulation of the shoulder girdle under-
scores the synchrony necessary among all moving
parts and implies that dysfunction in one of the

articulations or interfaces can result in overload or
repetitive strain in another region. Therefore it is
essential that the clinician evaluate each articulation
of the shoulder girdle in order to make the most accu-
rate diagnosis and direct a course of treatment aimed
at addressing the cause of the problem instead of sim-
ply treating the symptoms associated with the disor-
der. The application of the clinical anatomy of any
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region of the body is best illustrated in the evaluation
process for that region. In Chapter 5 we present the
evaluation of the shoulder in the context of its
anatomical region.
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GENERAL CONCEPTS

Pathomechanical Versus
Pathoanatomical Diagnosis

There are many tissues within the shoulder girdle
complex that are potential sources of pain. In addi-
tion, the cervical spine, visceral structures such as car-
diac and pulmonary tissues, and select abdominal
viscera, all have the capacity to refer pain to the shoul-
der region. Once referred pain from visceral structures
has been ruled out, the clinician must identify the pre-
cise anatomical tissue causing the painful syndrome
within the shoulder complex or determine those
movements and combinations of applied stresses that
reproduce familiar signs or symptoms. The shoulder
complex can be assessed from either a pathoanatomi-
cal or pathomechanical perspective. This may, how-
ever, present a dilemma in the development of an
active treatment program or an exercise prescription.
For example, does the clinician prescribe exercise in
order to minimize stress to a suspected lesion of the
long head of the biceps because he surmises that is the
painful tissue? Or does he prescribe exercises around
the nociceptive mechanics evaluated, designing an
exercise program around the motions and forces that
clearly reproduce the patient’s signs and symptoms?
The pathoanatomical approach to examination seeks
to discover the tissue that might be at fault, whereas
the pathomechanical approach seeks to identify those

motions, postural positions, stresses, or combinations
of stresses that are contributing to the painful syn-
drome.

The first and most basic question to ask is: What is
the precise anatomical lesion causing pain in most
shoulder conditions? Even a well-understood condition
such as impingement syndrome presents great diffi-
culty in identifying the exact tissue that might be at
fault. The anatomy described in Chapters 3 and 4 illus-
trates that in addition to mechanical linkages and
anatomical connections among the various tissues, the
structures lie in very close proximity to each other. Is it
possible, for example, to definitively conclude that pain
resulting from an impingement test is actually from the
anterior aspect of the supraspinatus tendon rather than
the posterior portion of the long head of the biceps ten-
don, since they are so closely placed? Likewise, with the
intimate blending of the anterior aspect of the infra-
spinatus tendon to the posterior aspect of the
supraspinatus tendon, is it possible to identify the spe-
cific symptomatic tendon? Shoulder instability provides
another example. Classic shoulder instability is rela-
tively easy to identify based on information gained from
the patient history and several passive motion maneu-
vers. It is not as easy to identify the exact anatomical
tissue that is the nociceptive generator because so
many tissues are typically compromised when the
glenohumeral joint is unstable. Chapter 4 reviewed the
possible joint structures that might be implicated with
instability, along with the potential for secondary

CHAPTER 5
FUNCTIONAL
ASSESSMENT OF THE
SHOULDER GIRDLE
COMPLEX
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compromise to surrounding tissues such as the rotator
cuff tendons and long head of the biceps.

Certainly the increased use of imaging and arthro-
scopic techniques optimizes the chances of identifying
the tissues that appear to have been injured or are in
the varying stages of degeneration. In some clinical
conditions the tissue at fault can in fact be identified.
For example, the history of an abrupt loss of the abil-
ity to lift the arm following shoulder trauma, coupled
with a positive drop-arm test (described later in detail)
and diagnostic arthroscopy revealing a full thickness
tear of the supraspinatus tendon, allows us to appro-
priately conclude which tissue is at fault.

In many shoulder syndromes the history, signs, and
symptoms are less clear. It is important to recognize that
the similarities and differences between normal age-
related changes and pathology have not been clearly
elucidated. It is difficult to be certain that the nocicep-
tive generator in someone complaining of shoulder
pain is due to pathology of the cuff tendons rather than
surrounding tissues because rotator cuff tendons begin
to show age-related changes as early as the second and
third decades and yet can be asymptomatic.

Another example relates to glenoid labrum damage.
We previously mentioned that the superior aspect of
the glenoid labrum is less firmly attached to the gle-
noid rim than the inferior aspect (see Chapter 4).
Short of an obvious tear in the superior aspect of the
labrum, when should the superior labrum be consid-
ered pathological because it is identified as “too loose”
and hence diagnosed as a SLAP lesion (see Chapter 4)
as opposed to simply being the normal loose attach-
ment for that particular patient? Consideration of the
questions these clinical examples raise is fundamen-
tally important because ultimately the conclusions that
the examiner reaches after taking the history and con-
ducting the physical examination direct the course of
treatment, whether it is surgical or nonsurgical.

The Concept of Applied 
Physical Stresses

Perhaps the most compelling reason for the thor-
ough discussion of the shoulder anatomy in the pre-
vious chapters is that it provides the clinician with
an appreciation of the anatomy in three dimensions.
Combining a comprehensive understanding of the
anatomy and biomechanics of the articulations
comprising the shoulder complex with knowledge
about fiber direction, connective tissue linkages,

and spatial relationships of the muscles allows the
examiner to resolve every force the patient applies
during the physical examination into component
vectors. For example, what might look like a simple
anterior-to-posterior shear of the head of the hu-
merus on the glenoid by the examiner with the
patient in the supine position may in fact have
the following concurrent stresses applied to associ-
ated tissues:

1. Compression of all soft tissue (skin, anterior del-
toid, vasculature, neural tissue, subscapularis, long
head of biceps tendon, joint capsule, coraco-
humeral ligament, glenohumeral ligaments)
between the skin and the head of the humerus

2. Compression of the head of the humerus into the
posterior part of the labrum and glenoid if the
application of the anterior-posterior shear stress is
not applied parallel to the glenoid surface

3. Stretch of the posterior joint capsule and the cuff
muscles reinforcing the posterior aspect of the cap-
sule by movement of the humeral head against the
inner capsule wall

We suggest that in the nonsurgical management
of many musculoskeletal conditions, it is not as crit-
ical to determine the anatomical tissue that is at fault
but rather to find out what abnormal or excessive
stresses or combinations of stresses are reproducing
familiar pain by stimulating the nociceptive system.
Nociceptive stimulation occurs as a result of the tis-
sue’s inability to attenuate such stresses, typically
because of injury as a result of age-related tissue
changes.

Therefore the examination methods discussed in
this chapter largely describe efforts to reproduce
familiar symptoms through the application of three
primary stresses: compression, tension, and shear.
Whether the examination procedure involves active
motion, passive motion, resisted motion, palpation, or
the use of shoulder-specific special tests, the unifying
feature of these tests is that they are typically assessing
the shoulder tissues’ ability to attenuate compression,
tension, or shear. Such an approach provides clinical
utility for several reasons:30

● It allows the clinician to use the results of the exam-
ination as the basis for designing an exercise pro-
gram around these nociceptive mechanics.

● It correlates the patient’s vulnerable and invulnera-
ble positions and movements to his work and activ-
ities of daily living.
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● It provides information to the patients in under-
standable and practical terms.

Thinking in terms of applied physical stresses also
provides meaningful information regarding the irri-
tability of the tissues. The examiner needs to be able
to correlate the magnitude of their applied stress to
the ease or difficulty in evoking a painful response.
The goal is to identify the intensity and direction of
the forces used in the physical examination in order
to determine the relationship of the applied stresses
to the painful syndrome. After this information has
been gained, an appropriate active treatment plan
can be established, which minimizes further tissue
damage and promotes connective tissue and muscle
growth while simultaneously decreasing sensitivity
to pain.

INFORMATION GAINED FROM
THE EXAMINATION

Perhaps no area of the musculoskeletal system
besides the shoulder complex has such a broad array
of special tests available to help with assessment.
Numerous tests have been described for the biceps
tendon, thoracic outlet syndrome, and shoulder insta-
bility, to name just a few. Indeed, there are enough
special tests for specific tissues of the shoulder to war-
rant their own complete chapters in textbooks.

This presents a challenge for the examiner. How
can a comprehensive clinical examination of the
shoulder be conducted while maintaining a balance
between thoroughness and efficiency? What are the
best tests to use? It is not enough to have a particular
sequence of examination in mind. The clinician must
also use the patient history in a manner that dictates
the essential pieces necessary to the physical examina-
tion so that he can conduct it in a manner that avoids
unnecessary redundancy while simultaneously sub-
stantiating what has already been discovered up to
that point in the examination process.

Regardless of the examination scheme chosen,
there are a few essential pieces of information that
must be gleaned on completion of the history and
physical examination. Recognizing such end points
allows the examiner to conduct an effective and effi-
cient examination. The minimal essential pieces are
threefold and fall under the categories of pathomechan-
ics, syndrome classification, and presence or absence of
stability.

Pathomechanics

During the physical examination the clinician
guides the patient through a series of systematic
motions and then applies various stresses and combi-
nations of stresses to and through the tissues. As
implied in the previous section, the examiner ulti-
mately concludes which series of motions and combi-
nations of stresses reproduce familiar pain. The
application of overpressure to these motions results in
increased tension, compression, or shear to the struc-
tures. The clinician seeks the specific combination of
stresses that exacerbates the condition or provokes famil-
iar pain. The pathomechanics that reproduce familiar
pain or are recognized to yield atypical responses such as
abnormal motion, muscle or motion guarding, or
apprehension are acknowledged by the examiner and
then substantiated by applying similar stresses in other
positions. Applying similar stresses with the shoulder
in dependent and nondependent positions, for exam-
ple, and from different starting points in the range of
motion, allows the examiner to correlate these
responses and determine their relationship to the
painful syndrome.

Syndrome Classification

The second piece of necessary information relates
to the syndrome presentation itself. Is the patient pre-
senting with an acute shoulder problem, an exacerba-
tion of a previous problem, or a syndrome exhibiting
chronic pain behaviors? The great majority of shoul-
der joint disorders fall into one of the first two cate-
gories. It is only when there is evidence of little or no
direct relationship between the physical stimulus
applied in the examination and the pain response
from the patient, combined with the complaint of per-
sistent pain well beyond expected healing time, that
the clinician begins to consider the presence of chronic
pain syndrome.

Acute injuries are those in which the response of the
patient to various stresses is proportional to the time
since the onset of the painful syndrome and the
pathomechanics of injury. Because of the predictabil-
ity of the healing times for many of the specialized
connective tissues and based on work that has been
done with spinal disorders, acute injuries are generally
considered to be those that are less than 7 weeks old.

Because acute injuries are typically accompanied by
swelling and the associated alteration of the chemical
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milieu of the tissues, morning stiffness and discomfort
are positive indicators of swelling and the acuteness of
the injury. When an injured tissue is placed at rest and
very little movement occurs, fluid stasis chemically
activates the nociceptive system (see Chapter 6). The
remaining category of syndrome classification is the
exacerbation of previous injury patient presentation.
Within this group patients typically describe previous
injuries, past symptoms, or an antecedent event from
which a pattern of pain develops over the course of
time, with varying levels of pain intensity and varying
intervals of time between episodes. The pain pattern
described gives the examiner a sense of the limited
capacity of the injured tissues to attenuate compres-
sion, tensile, and shear loads. This syndrome is related
to tissues that have been previously subjected to
macrotrauma and those tissues affected by the age-
related, degenerative processes. In both cases the opti-
mal loading capacity or limit of the tissue’s tolerance
to compression, tension, or shear is being exceeded
(see Chapter 1). Patients in this category describe sim-
ilar episodes of their unique problem, which typically
worsen over time.

Presence or Absence of Stability

The third piece of information that must be deter-
mined from the examination concerns the stability of
the key articulations of the shoulder complex. Stability
of the articulations within the musculoskeletal system
is primarily due to two reasons: the integrity of the
connective tissues associated with the articulations and
the status of the neuromuscular control over these
articulations.16 This is especially true for the gleno-
humeral joint. As seen in many other areas of the
musculoskeletal system, the body type, connective tis-
sue integrity, and neuromuscular health of the region
determine how the forces of weight bearing and
movement converge on the region and are attenuated.
Do these forces result in aberrational motion between
the articulating structures, and is this abnormal
motion excessively loading support tissues and result-
ing in stimulation of the nociceptive receptors associ-
ated with the articulations? This is a key question that
the examiner needs to ask while administering tests
during the examination process.

In Chapter 1 the concept of the optimal loading
zone of tissues was explained. In Chapter 3 the role of
the muscular system over the articulations was dis-
cussed in detail. Chapter 4 focused on the specialized

connective tissues associated with the shoulder. The
important point to be gleaned from these chapters is
that the precision and interplay of neuromusculocon-
nective tissues are vital for joint stability and subtle
changes in any of these tissues have the potential to
contribute to joint instability. Therefore the patient
history and physical examination for mechanical dis-
orders of the shoulder have to be designed to ulti-
mately confirm the presence or absence of stability,
which then guides the examiner in determining the
causative factors if instability is suspected.

In the remaining sections of this chapter, we will
provide the reader with a pattern of examination for
activity related disorders of the shoulder complex.
Using a consistent pattern of examination is impor-
tant because it helps ensure thoroughness and allows
physical findings to be compared among patients. The
examiner must understand the potential relevance of
key elements in the history and be able to administer
important provocative tests to tissues, palpate key
structures, and identify those factors that may be con-
tributing to the pain pattern or dysfunction at the
shoulder. The composite of this information provides
the examiner with information regarding the patho-
mechanics, the syndrome classification, and the pres-
ence or absence of stability.

COMPONENTS OF THE PATIENT
HISTORY

Initial Considerations

The patient history often dictates the direction that
the remaining portion of the musculoskeletal exami-
nation will take. During questioning, pay close atten-
tion to patient affect, posturing, and willingness to give
information. Be a focused listener, and think in terms
of joints or soft tissues under the area of complaint
that might be causing the problem and any anatomi-
cal region that might refer pain to the shoulder and
associated regions of the upper quarter. Frame ques-
tions in such a way that you and the patient can reach
a common understanding of the problem. This is the
first step in helping the patient recognize how impor-
tant his role will be in the management of his prob-
lem. During the history, the therapeutic relationship
between clinician and patient begins, as well as the
patient’s educational process.

And as mentioned earlier, it is important to be com-
plete but also succinct. Table 5-1 lists key questions
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that the examiner needs to ask a patient who is com-
plaining of pain or change in function in the shoulder
girdle. These questions help the clinician begin to
discern if the pain is of mechanical origin.

Screening for Medical Conditions
That Might Present as Shoulder
Pain

Musculoskeletal tissues react and respond pre-
dictably. When signs and symptoms begin to fall out of
expected patterns, such as the inability to reproduce
familiar pain with motions or postures, continuous
and unrelenting pain, or pain that is greater at rest

than during activity, visceral pathology referring pain
to the shoulder must be considered and appropriate
medical referral made for additional diagnostic
workup. Visceral pathology such as vascular distur-
bances leading to avascular necrosis and the presence
of heart disease, lung tumors, and gallbladder disease
has a propensity to refer pain to the shoulder. If the
patient has similar complaints at other joints, for
example, bilateral shoulder pain or bilateral wrist
pain, then rheumatoid disease or one of the rheuma-
toid variants must be ruled out. Likewise, a past his-
tory of cancer such as lung cancer, breast cancer, or
any other metastatic tumor should alert the clinician
that the current pain complaints might not be associ-
ated with the musculoskeletal tissues of the shoulder
girdle. Therefore the examiner should always be
aware that other disorders might be the source of pain
when the pain pattern, aggravating factors, and easing
factors do not follow recognized musculoskeletal pat-
terns. The clinician should be suspicious when the
patient cannot find any position that eases discomfort,
has night pain that far exceeds pain during the day or
during his activities, or is complaining of a pain pat-
tern that does not follow the typical referral zones for
musculoskeletal tissues of the neck or shoulder.
Chapter 2 thoroughly detailed the referral pattern for
pain from the cervical joints and nerve roots.

Even before beginning the physical examination,
answers given by the patient to some of the questions
noted in Table 5-1 cue the clinician to a potential
cause or causes of the problem and allow him to pri-
oritize which special tests might be indicated. In addi-
tion, a thorough history directs him to properly plan
the examination of the joints and soft tissues that are
under the area of complaint and the tissues that have
the capacity to refer pain to the region.17

Predisposing Factors

Examples of questions that lead the clinician to
consider predisposing factors include “How old are
you?” “What is your occupation?” and “What sports or activ-
ities are you involved in?” Answers to these questions help
him focus on the tests and measures that need to be
included during the physical examination.

It is important to know how old a patient is because
common shoulder conditions such as instability and
rotator cuff pathology are often associated with age.
For example, instability would be less likely in a
patient under the age of 30 than in a patient of 65.
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Table 5-1. Questionnaire for Patient
History: Shoulder

1. How old are you? What is your occupation?
2. In your words, what is the problem?
3. How long have you had shoulder pain? How would you

describe it?
4. Show me where you have pain. (Consider using a body

chart.) Do you ever have pain, numbness, or tingling in any
other areas? Do you notice any numbness or tingling in the
arm or hand? Does your pain extend toward elbow or
wrist? Does it stay localized to the shoulder?

5. What position were you in when you were initially hurt?
6. Is it difficult to perform activities that require reaching

above shoulder level?
7. Describe previous episodes of shoulder pain. How long did

these episodes last?
8. What positions or activities increase your pain? What activ-

ities are limited by this problem? Are you able to lie on that
shoulder at night? Does the shoulder pain awaken you at
night?

9. Do you have any neck pain, or do neck movements
increase your shoulder pain?

10. Is your pain worse in the morning on awakening, or is it
worse toward the end of the day? Are you more stiff or
sore in the morning as compared with the end of the day?

11. How would you rate your level of activity? What activities
are limited and why?

12. How would you rate your level of pain?
13. Are you currently taking any medications?
14. Have you had any surgeries in the past?
15. What do you think is the cause of your shoulder pain?
16. What goals do you have for treatment results?

Special Questions Related to General Health

1. Have you had any recent weight loss? Do any other joints
in your body have this same type of pain?

2. Does your pain prevent you from sleeping? Is it worse at
night?
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By comparison, frank pathology of the rotator cuff is
more common in patients over 40, whereas the earlier
stages of rotator cuff disorders such as tendonitis are
more common in the 25 to 40-age-group.24 The Neer
classification scheme for shoulder impingement illus-
trates the cascade of age-related degenerative changes
of the rotator cuff that progress from edema and hem-
orrhage of the tendon through tendon fibrosis and
ultimately tendon rupture (Table 5-2). Understanding
these stages and correlating them with the age of the
patient provide more clues.

Another example of shoulder pathology influenced
by age is nontraumatic primary “frozen shoulder,” or
adhesive capsulitis.7,12 This phenomenon is poorly
understood and most often is seen in women from 45 to
60 years of age. It is characterized by three stages, any of
which might be the first point of contact with the clini-
cian. The first stage is the initial freezing stage in which the
abrupt loss of motion and excessive pain begin. This is
followed by the frozen stage in which pain decreases but
the motion is markedly restricted, and then a final stage
of thawing during which slow, spontaneous recovery
occurs, often over a period of 1 to 3 years.22

Finally, it is essential to conduct a careful analysis of
the patient’s activities of daily living and sport activi-
ties, especially those related to overhead activities or
repetitive motions of the upper extremity. The
requirements of the shoulder complex are typically
sport and job specific, so the examiner’s suspicions
based on this information regarding which movements
and stresses will be painful in the physical examination
and tissues that are most likely compromised are usu-
ally accurate. For example:

● Swimming is associated with a high incidence of
impingement problems, especially in a swim stroke
such as the butterfly and during training with the
use of swim paddles and elastic bands.8 Internal
rotation during the stroke increases the compression
of tissues in the suprahumeral space.

● Throwing sports can place a significant stress to the
anterior aspect of the glenohumeral joint complex,
especially during the late cocking and acceleration
phase of throwing.11,29 Pain during these phases is
usually felt anteriorly or superiorly as a result of
anterior subluxation of the humerus and impinge-
ment of the rotator cuff as the humeral head
migrates superiorly. Throwers also have increased
stresses to the rotator cuff muscles in the cocking,
acceleration, and follow-through phases of throw-
ing. Pain in the acceleration phase of throwing can
be due to strain on the posterior cuff tendons,
whereas the deceleration phase of throwing can
result in pain due to humeral head translation fur-
ther increasing rotator cuff strain as a result of
eccentric workload and long head of the biceps ten-
don strain. Table 5-3 lists the phases of throwing
and selected biomechanics related to clinical prob-
lems often noted in the shoulder. Contact sports
including football may result in glenohumeral sub-
luxation, tensile injuries to the brachial plexus, or
acromioclavicular joint injuries. When the patient
describes contact injuries, the examiner must also
prepare to assess cervical nerve root and brachial
plexus function.

● Tennis may lead to cumulative microtrauma in the
posterior rotator cuff tendons and the long head of
the biceps since the athlete must eccentrically con-
trol the lever, now lengthened because of the rac-
quet, during the deceleration phase of the stroke.
The result is excessive tension to these tissues. The
overhead activity that occurs during the cocking
and acceleration phases also results in the tissues of
the suprahumeral space being compromised via
compression and renders the articular surface of
the tendons susceptible to internal impingement.

● Weight lifting practiced with poor technique and
weak scapulothoracic muscles places the tissues of
the suprahumeral space in a compromised posi-
tion while performing upper extremity elevation
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Table 5-2. The Neer Classification Scheme for Shoulder Impingement

Stage Age Clinical Course Treatment
I: Edema and hemorrhage <25 Reversible Conservative
II: Fibrosis and tendonitis 25-40 Recurrent pain with activity Consider subacromial decompression
III: Bone spurs and tendon rupture >40 Progressive disability Subacromial decompression and cuff repair

From Neer CS II: Impingement lesions, Clin Orthop 173:70, 1983.

W9272-05.qxd  8/20/03  7:10 PM  Page 134



exercises. Movements such as overhead presses or
shoulder raises that maintain the humeral head in
the internally rotated position potentially increase
compression under the coracoacromial arch and
shear at the glenohumeral and acromioclavicular
joints. Poor control of heavy weights during bench
press maneuvers stresses the acromioclavicular joint
and the anterior and posterior capsular tissues.

● Work-related movements in an industrial setting
may jeopardize arms and shoulders during their
work tasks. Often, poorly designed workstations
contribute to overuse syndromes not only of the

shoulder but also of the cervical spine and scapu-
lothoracic complex. Perhaps even more impor-
tantly, the gradual loss of range of motion in the
lower cervical and upper thoracic spine, coupled
with loss of glenohumeral motion, as occurs with
age, contributes to the inability to position the arms
completely overhead or in the necessary work posi-
tion. Full extension of these regions of the spine is
necessary for full shoulder girdle range of motion.
This is one of the primary reasons that the forward
head, rounded shoulder position of the upper quar-
ter, which is often accompanied by a slouched,
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Table 5-3. Biomechanics of Throwing

Phase Features Pain
I. Windup and cocking Abduction, extension, and external rotation Pain in the later part of the cocking 

phase of the humerus phase is usually felt anteriorly or 
● Strong deltoid action in this phase superiorly because of anterior 
● Tension placed on the anterior joint structures subluxation of the humerus and 
● Supraspinatus provides a stabilizing force through its impingement of the rotator cuff, 

action in compressing the humeral head in the glenoid and the humeral head moves superiorly.
● Infraspinatus and teres minor maintain humeral head in 

fossa through inferior directed forces and also provide 
concentric contraction

● Subscapularis, aided by the pectoralis major, restricts the 
terminal external rotation of this first phase through 
eccentric control and helps stabilize head of humerus 
in glenoid

II. Acceleration phase Complete reversal of above motion that begins with Pain in the acceleration phase is often 
internal rotation caused by strain on the posterior cuff

● Internal rotators, notably the subscapularis and pectoralis tendons. Pain in the elbow is caused by 
major, provide the force valgus stress.

● Eccentric contraction of posterior cuff muscles
● Latissimus dorsi, serratus anterior, and triceps provide 

additional force through concentric activity
● Very strong contraction of the serratus anterior, 

trapezius, rhomboids, and levator scapulae, implying 
that scapular stabilization is essential during 
this phase

● Large valgus stress at the elbow

III. Deceleration and Strong activity of the rotator cuff to slow the arm down Pain in the deceleration phase may be 
follow-through phase as motion is completed caused by humeral head translation, 

● Subscapularis continues to rotate internally rotator cuff strain, and long head of
● Posterior cuff works to decelerate the arm and the biceps tendon strain.

maintain the humeral head within the glenoid; the 
posterior cuff muscles are the key stabilizing force 
resisting glenohumeral distraction and anterior 
subluxation forces

● Supraspinatus works to keep head of humerus 
compressed to glenoid

● Biceps acts eccentrically to control the rate of elbow 
extension; supinator acts to eccentrically control the 
rapidly pronating forearm
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kyphotic posture, is a contributing factor to the
development of impingement syndromes. When
these types of postural changes are coupled with
weakness and fatigue of scapular muscles such as
the serratus anterior and trapezius in conjunction
with weakness of the abdominal wall, tissues in the
suprahumeral space have an even greater potential
for compromise (see Chapters 3 and 6).

Mechanism of Injury

Answers to questions such as “What position were you
in when you were initially hurt?” and responses to state-
ments such as “Describe previous episodes of your shoulder
pain and tell me how long the episodes have lasted” allow the
examiner to begin analyzing whether increased com-
pression, tension, or shear stresses may have
occurred or are recurring. Does the patient describe
either a fall on the point of the shoulder that results
in damage to the coracoclavicular ligaments and
acromioclavicular joint separation, or a fall on the
outstretched hand (a FOOSH injury) (Figure 5-1)?
Either can cause a potential fracture to the humerus,
scapula, or clavicle or result in significant trauma to
the soft tissues of the shoulder. Falls also may result
in subluxations of either the acromioclavicular joint
or the glenohumeral joint. Landing on the point of
the shoulder can completely disrupt the coracocla-
vicular ligaments (conoid and trapezoid), which are
the key support ligaments of the acromioclavicular

joint, or result in significant trauma to the rotator
cuff tendons over the greater tuberosity, which may
cause tendon rupture. Likewise, falling on the elbow
may violently drive the humerus superiorly into the
suprahumeral space and result in mechanical trauma
to the glenohumeral joint capsule, rotator cuff ten-
dons, and subacromial bursa.

Was there excessive motion that put the shoulder
into an extreme range of motion? Does the patient
now feel a “giving away” sensation with movement?
Did the patient feel the shoulder “come out”? One of
the most common mechanisms of injury resulting in
anterior instability of the shoulder is forced abduction
and external rotation of the glenohumeral joint,
which stresses the joint capsule, the labrum, and the
inferior glenohumeral ligaments (Figure 5-2).

Pain Location and Associated
Symptoms

Statements such as “Show me where you have pain” and
questions such as “Do you notice any numbness or tingling in
the arm or hand?” “Does your pain extend toward the elbow or
wrist?” “Does your pain stay localized to the shoulder?” “Do
you have any neck pain or does neck pain reproduce your shoul-
der discomfort?” and “Do you feel your shoulder ‘gives out’?”
all provide key information that ultimately directs the
level of scrutiny of the physical examination. For
example, instability of the glenohumeral joint can also
compromise the brachial plexus as it courses through
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Figure 5-1. Shoulder injury can occur via
a fall on the point of the shoulder that results
in damage to the coracoclavicular ligaments
and acromioclavicular joint separation, or a
fall on the outstretched hand (FOOSH
injury), as illustrated here, that results in
fracture about the glenohumeral joint.
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the axilla. This results in a patient’s complaints of
transient numbness in the arm or hand, a “dead” feel-
ing in the arm with certain movements, or paresthesia.
The examiner needs to visualize how the head of the
humerus could compromise the brachial plexus if it
assumes a more anterior and inferior position with dif-
ferent postures or movements or how the brachial
plexus might have been compromised during the
trauma of the injury.

Clinicians must recognize the potential for periph-
eral nerve injury secondary to dislocation of the

glenohumeral joint. For example, the axillary nerve,
which courses around the neck of the humerus with
the posterior humeral circumflex artery, can be
injured with a glenohumeral dislocation. Injury to the
axillary nerve may result in paralysis or weakness of
the deltoid and teres minor muscles. Other terminal
branches of the brachial plexus, such as the musculo-
cutaneous and radial nerves, potentially may be com-
promised by the inferior position of the head of the
humerus, which can occur with dislocation (see
Chapter 2). Therefore when there is a history of dislo-
cation, the examiner is prepared to clinically assess the
muscles supplied by the terminal branches of the
brachial plexus.

When instability is suspected, the clinician will clarify
whether or not there was a traumatic event, the positions
and motions in which symptoms are reproduced or the
shoulder feels “unstable,” and whether or not the patient
can voluntarily sublux or dislocate his glenohumeral
joint. A wide range of shoulder instabilities exist, from
the TUBS type (traumatic onset in a unilateral direction,
often causing a Bankart lesion and optimally treated
with surgery) to the AMBRI type (atraumatic etiology
with multidirectional instability pattern bilaterally, often
responsive to rehabilitation, and if surgery is indicated,
an inferior capsular shift procedure is commonly used).
If the history leads the examiner to suspect gleno-
humeral joint instability, he performs several tests in the
course of the physical examination.

The examiner needs to carefully determine the
area of pain. It is one of the most important pieces of
information to be ascertained. The location of pain
may indicate that the structures have been injured
and alert him to stresses that might be poorly toler-
ated during the physical examination (Figure 5-3,
A and B). For example, pain felt at the region of the
deltoid insertion (an area within the C5 dermatome)
is often a referred pain pattern from lesions of the
rotator cuff tendons. Problems of the glenohumeral
joint termed capsulitis refer pain along the C5 and C6
dermatomes, which include the area of skin over the
deltoid insertion and the lateral border of the arm
and forearm. Note that since many of the tissues of
the shoulder are derived from the fifth and sixth cer-
vical cord segments, referral of pain to the arm and
forearm is common, whereas referral to the hand
from lesions of the shoulder is less common.
Acromioclavicular joint problems typically remain
localized to the top of the shoulder region because
the acromioclavicular joint is derived from the third
and fourth cervical cord segments.
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Figure 5-2. Forced external rotation in an abducted
position can damage the anterior aspect of the gleno-
humeral joint capsule and the inferior glenohumeral lig-
ament complex. Such injury can occur during an
afternoon touch football match.
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Patients with multidirectional instabilities of the
humerus on the glenoid typically complain of diffuse
shoulder pain with global muscle soreness about the
shoulder girdle. This is in contrast to unidirectional
instabilities that characteristically result in complaints
of pain on the opposite side of the instability. For
example, the patient with anterior instability will often
describe soreness and aching of the shoulder posteri-
orly, as well as being tender to palpation over the
region of the anterior glenoid.

Aggravating Factors

Questions that assess the nociceptive mechanics
include “Is it difficult to perform activities that require reaching
above the shoulder level?” “What positions or activities increase
your pain?” “What activities are limited by this problem?” and
“Are you able to lie on that shoulder at night?” When answer-
ing these questions, the patient has an opportunity to
describe those positions, movements, or activities that
reproduce familiar pain in the shoulder complex.
Based on an in-depth understanding of the clinical

anatomy of the region, the examiner can begin to visu-
alize how compression, tension, and shear stresses
potentially compromise the musculoskeletal tissues in
the positions or movements the patient describes.

Many patients with shoulder disorders complain
about an increase in pain when they attempt to sleep
on the side of the shoulder disorder. This is especially
common in late stage adhesive capsulitis disorders and
rotator cuff problems. In both cases, the tissues are
markedly irritable, and the combination of no move-
ment, which promotes stasis, and pressure from lying
on the shoulder increases pain and results in increas-
ing the referred pain pattern along the lateral aspect of
the arm.

Pain Behavior and Intensity

Questions such as “On a scale of 0 to 10 with 10 being
the most discomfort you have had with this particular problem,
what level of pain are you currently experiencing?” and “Is your
pain greater in the morning than in the evening?” provide the
clinician with the patient’s own interpretation of his
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Figure 5-3. A and B, Patients with cervical nerve root problems often need to support the shoul-
der girdle in some way in order to minimize tensile stresses through the brachial plexus and cervical
nerve root complex.

BA
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pain. Mechanical disorders of the musculoskeletal sys-
tem typically feature pain patterns that are aggravated
with increased compression, tension, and shear
stresses to the injured tissues (mechanical stimulation
of the nociceptive system) or continued activation of
the nociceptive system by chemical irritation (i.e., a
change in the chemical milieu as a result of tissue
injury). For example, pain felt in the morning when
the patient awakens that eases as the day progresses is
typical for injured tissues that have an associated
inflammatory process (Figure 5-4). With rest and sleep
in the recumbent position, there is no muscle pumping
action to decrease fluid stasis and therefore the chem-
ical environment associated with stasis results in chem-
ical activation or depolarization of the nociceptive
system. When we get up and begin to move, muscle
contraction around the injured tissues creates pres-
sures that restore microcirculation and lymph
drainage. This results in a change in the chemical

environment of the injured region. The Blazina clas-
sification of pain, presented in Table 5-4, offers a way
to assess the severity of the complaint.

Assessment of Functional
Limitations

Patients seek help for their musculoskeletal prob-
lems for one of two reasons: pain or a problem that
is now compromising desired function. Questions
such as “What activities are limited because of this prob-
lem?” or “On a scale of 0 to 10 with 0 being no limitation
to activity and 10 representing all activity that you normally
do, what level of activity are you at because of this problem?”
begin to provide the clinician with information
regarding the patient’s perception of his problem
and how this problem is affecting his life. Answers to
these types of questions need to be correlated with
self-reports of pain because a reasonable relation-
ship between pain intensity and compromise to
function will exist.

Several tools designed to provide a convenient way
to systematically document shoulder function are
available. We refer the reader to two different shoulder
questionnaires that are reliable and are more sensitive
to change in patients with shoulder pain than a
generic questionnaire.2 The tools are the Simple
Shoulder Test (SST) and the Shoulder Pain and
Disability Index (SPADI).

The SST is a self-report questionnaire that takes
approximately 5 to 10 minutes to complete and con-
sists of 12 yes or no questions that assess functional lim-
itations caused by shoulder pathology.18 The questions
focus on an individual’s ability to tolerate or perform
multiple activities of daily living.

The second outcome tool is the SPADI.10,31 This is
a self-report questionnaire that consists of two sub-
scales identifying pain and projecting disability. The
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Sleep
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(swelling)
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PMAM

Figure 5-4. Pain is experienced in different ways dur-
ing the AM and PM time periods as shown in this graphi-
cal representation of pain behavior. Pain that is greater
in the morning but decreases as we move the injured
region is suggestive of inflammatory conditions and
swelling of the injured tissues. Such a reaction indicates
a chemical cycle of pain (top graph). Pain that is greater
toward the end of the day suggests muscular fatigue and
a resultant loss of neuromuscular control of the affected
regions that cause mechanical overload in the connective
tissue elements. Such reaction indicates a mechanore-
ceptor cycle of pain (bottom graph).

Table 5-4. The Blazina Classification
of Pain

Grade I: Pain with activity
Grade II: Pain during and after activity, but not disabling
Grade III: Pain during and after activity and disabling
Grade IV: Pain with activities of daily living

Data from Blazina ME et al: Jumper’s knee, Orthop Clin North Am 4(3):665,
1973.
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pain dimension is measured based on the severity of
an individual’s pain, whereas the disability dimension
is measured based on the degree of difficulty an indi-
vidual has with various activities of daily living that
require upper extremity use. The time needed to com-
plete this 13-item index is also 5 to 10 minutes. Both
tools can easily be used to assess a patient’s own per-
ception of the pain and functional limitations he now
has because of his shoulder condition.

The Patient’s Description 
of the Problem

Ask the patient, “What do you think is the cause of the
pain?” or “What goals do you have as a result of treatment?”
His analysis of the cause of his pain provides you with
additional information regarding nociceptive mechan-
ics. For example, patients often talk about “pressure,”
“grinding” or “slipping,” or a fear of different posi-
tions. If the patient states that he does not know what
the problem is, encourage him to describe his own
shoulder in his terms. The intent is to further your
understanding of how the patient views his problem.
This information is used to more tightly focus the
physical examination.

Asking the patient to articulate his goals for treat-
ment establishes his role in the total rehabilitation
process. In addition, it allows the clinician to begin
determining whether these goals are realistic when
compared with the results of the examination. Injured
connective tissues are repaired rather than regenerated.
Injured tissues and those tissues with age-related degen-
erative changes have newly imposed mechanical stress
limits that imply what activities of daily living and sport
may need to be modified (see Chapters 1 and 6).

To review, three essential pieces of information
need to be gained from the questions asked. They are
the pathomechanics, the pain syndrome that is being
presented, and the presence or absence of stability.
Whatever the format of the questions, each question
needs to be asked within a logical order so that the
patient can follow the sequence of this history. When
the patient is following the line of questioning, he can
better relate one question to the other. Furthermore, a
logical line of questioning gives the clinician opportu-
nities to show the patient how one piece of informa-
tion begins to correlate with another. Thus the
teaching process for self-management of the condition
has already begun.

Physical Examination

Carry out the physical examination in a manner
that does not require the patient to change positions
continuously. Organize it in logical fashion so that sub-
sequent portions of the physical examination build on
the results of tests immediately completed and the
patient history. The challenge is to be thorough yet
avoid unnecessary redundancy. If the examiner is able
to conclude from the history the pathomechanics, syn-
drome classification, and presence or absence of sta-
bility, the essential tests needed in the active, passive,
resisted, and palpation sequences of the examination,
coupled with observation of static and dynamic pos-
tures, become more obvious. We will review and dis-
cuss each part of the sequence of the physical
examination that we typically use here.

Observation and Inspection

The physical examination begins with the patient in
the standing position (Table 5-5). Observation of the
patient presenting with shoulder complaints includes the
head, neck, shoulder girdle, thoracic spine, and abdom-
inal wall. Key aspects of the observation portion of the
physical examination are noted in Table 5-6. Inspecting
the posture in the sagittal plane is the best way to assess
for the presence of the forward head, rounded shoulder
posture, which provides an excellent indication of the
function of the abdominal wall musculature.

Frontal plane postural assessment often reveals
asymmetry associated with handedness patterns.
Typically the dominant side shows slightly greater
hypertrophy and a lower riding scapula on the rib
cage. Noting the levels of the iliac crests, posterior
superior iliac spines, and the lumbar waist angle also
provides information regarding the overall frontal
plane posture.

Clarify bruises or scars and clearly understand past
surgeries to any region of the upper quarter. Compare
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Table 5-5. Sequence of Physical
Examination: Standing Position

1. Have patient place hands on hips.
2. Observe static upper quarter and trunk posture.
3. Manipulate active physiological motions with overpressure if

indicated.
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the contour of the shoulders bilaterally, giving special
attention to the humeral heads on both sides of the
body, the acromioclavicular joints, and the muscle
girth in the infraspinatus fossa. The humeral head
inspection is especially important because even a slight
inferior displacement of a subluxed humeral head and
the resultant sulcus sign over the suprahumeral space
can be detected in lean individuals. We prefer to look
at the resting posture of the shoulder girdle with the
patient placing his hands on his hips. Scapula positions
and the detection of shoulder girdle muscle atrophy
especially over the infraspinatus fossa are much easier
to compare bilaterally from this position (Figure 5-5).

Finally, how the individual is holding the upper
extremity is instructive. Note how the individual pro-
tects or supports the upper extremity and the manner
in which he carries his upper quarter. This can reveal
how fearful he might be during further aspects of the
examination. For example, shoulder-hand syndromes
are extremely complex disorders accompanied by
vasomotor changes in the upper quarter and extreme
guarding and fear of movement of the complete
upper extremity. Be cognizant of the potential for such
syndromes with any type of trauma or surgery associ-
ated with the upper extremity.

Active Motion

The best way to begin the provocation portion of the
physical examination is to start with active motions. We
prefer to carry out the active motions with the patient in
the standing position (Table 5-7). Active motions pro-
vide information regarding the patient’s ability and will-
ingness to move. During the active motion examination

of the shoulder girdle, look at the glenohumeral
motion, the scapulothoracic motion, and the motion of
the cervical and thoracic spine. As mentioned through-
out Chapter 4, the ability to elevate the arm completely
overhead is dependent on full mobility and strength for
all shoulder girdle articulations, as well as for cervical
spine and upper thoracic spine extension. During any
motion, clarify if familiar pain is reproduced and the
location of that particular pain.

The sequence of active motions is noted in Table 5-7.
A quick screen of the cervical spine begins active
motion assessment. The patient is asked to move the
head and neck into the forward (Figure 5-6, A) and
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Table 5-6. Observation and Inspection:
Key Points

1. Check sagittal and frontal plane postural relationships of
head, neck, shoulder girdle, thorax, and abdominal wall.

2. Observe posture of arm and shoulder girdle and position of
scapula on rib cage.

3. Check symmetry.
4. Check the relationship of clavicle to acromion process.
5. Observe arm swing.
6. Check for evidence of atrophy.
7. Check for scars and bruises.
8. Observe contour: does the patient tend to support arm or

hold arm close to chest?
9. Always compare bilaterally.

Table 5-7. Assessment of Active Motion

1. Clearing of cervical spine
2. Glenohumeral assessment: consider having the patient start

by simultaneously moving both arms
Flexion, extension
Abduction, adduction
Internal and external rotation
Horizontal adduction
“Scaption,” or movement with arm in internal and external 

rotation
3. Scapula: Elevation, depression, protraction, retraction

Figure 5-5. The hands on hips position makes it easier
to detect the various shoulder asymmetries, such as those
affecting the scapular position or muscle atrophy.
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backward (Figure 5-6, B) bending quadrants, and the
examiner can overpressure these motions to see if
shoulder pain is reproduced. If the examiner suspects
that the upper quarter pain is from cervical spine
involvement, then a complete cervical spine examina-
tion is indicated.

Now active movement of the shoulder girdle can be
assessed. Elevation is the terminology typically used for
any movement of the arm overhead and includes the
contributions for all articulations of the shoulder com-
plex. Such motion can occur in the sagittal (pure flex-
ion motion) or frontal (pure abduction) cardinal
planes, but from a functional standpoint, elevation of
the arm typically occurs in an arc that lies somewhere
between the frontal and sagittal planes. We typically
have the patient elevate the arm overhead several
times and in varying positions between the sagittal and
frontal planes. The patient is asked to raise his arms
forward as high as he can several times in different
portions of the arc between the sagittal plane and
frontal plane. The plane midway between the sagittal
and frontal planes is referred to as the scaption plane and
is the approximate plane of the scapula as it sits on the
thorax. We then ask the patient to place his shoulders
in varying degrees of internal and external rotation as
he elevates the arm in order to assess how symptoms
might be affected (Figure 5-7, A-E ). Note any appre-
hension to motion and points in the range of motion

that reproduce familiar pain. We do not hesitate to
apply gentle overpressure at the patient’s limits of
active arm elevation because we now have the ability
to clarify the effects of increased compression, tension,
or shear to the motion with simple adjustments of
hand position or direction of force application. The
ranges of motion can then be recorded, with 175 to
180 degrees of motion being the normal ranges of
overhead motion.

Acromioclavicular joint pain is typically increased
at the extremes of shoulder range of motion, so over-
pressure to arm elevation at 170 to 180 degrees may
provoke this joint. Likewise, horizontally adducting
the glenohumeral joint fully eventually begins to force
the scapula into protraction, and further overpressure
of this maneuver increases stress to the acromioclavic-
ular joint and increases compression of the soft tissues
between the humerus and coracoid process. Therefore
the examiner needs to apply overpressure to active
motions using several different lines of force, all the
time visualizing the tissues that are simultaneously
being compressed or that are subject to shear and
tension with such maneuvers.

During active elevation of the arm overhead the
presence of a painful arc may be revealed. Although
not as valuable a sign with an acutely painful shoul-
der, a painful arc has been defined as an arc of
motion in which there is a beginning range without
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Figure 5-6. Ask the patient to move the cervical spine in the forward bending and backward bend-
ing quadrants. In A, apply overpressure to the forward bending quadrant, and in B, apply over-
pressure to the backward bending quadrant.

BA
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pain (Figure 5-8, A), followed by a portion of the arc
with pain (Figure 5-8, B), whereas the last part of the
arc is without pain (Figure 5-8, C).4,23,25 No
pain–pain–no pain constitutes the classic painful arc as
the arm moves from a position at the side of the body
to complete elevation and has been attributed to irri-
tation of tissues in the suprahumeral space, which are
maximally stressed in compression during the middle
range of elevation as the tuberosity of the humerus
engages with the undersurface of the coracoacromial
arch. The structures potentially irritated include the
supraspinatus, the infraspinatus, the long head of the
biceps tendon, the subacromial bursa, and the supe-
rior aspect of the glenohumeral joint capsule.

Notice the difference between a painful arc due to
impingement and loss of the arc of motion because of
suspected capsular restriction. In a capsular restriction
pain and motion limitation would begin at some point

in the arc and progressively become more problematic
without an easing of pain toward the end of the
motion. The pattern of the capsular restriction is thus
no pain followed by increasing pain, as compared with a
painful arc where we see pain toward the middle of
the arc of motion.

All motions of lifting the arm overhead include
scapulothoracic motion that is smooth and relatively
symmetrical without winging from the rib cage.
The pattern of scapular motion is actually quite
unpredictable as it moves in varying amounts of
upward rotation and protraction depending where in
the arc between the sagittal and frontal plane the arm
is elevating. The clinician also needs to realize that the
majority of scapular motion occurs after humeral ele-
vation exceeds approximately 90 degrees and it is only
in coronal plane motion that the scapula begins its
rotation at lower degrees of elevation.5
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Figure 5-7. A, To demonstrate active
glenohumeral and scapulothoracic
motion in the scaption plane, ask the
patient to begin by elevating the
humerus in the scaption plane, B, and
complete the motion by elevating the
scapula. C, Then with the humerus at
90 degrees of abduction the patient is
asked to perform complete external rota-
tion, D and E, and internal rotation.
The quality of motion and apprehen-
sion is observed.
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The range of motion for active internal rotation is
normally 70 degrees, whereas that of active external
rotation is approximately 90 degrees. Although it often
is suggested that having the patient reach behind his
low back and attempt to bring his hand up the spine is
an excellent way to assess internal rotation, such a
motion results in so much scapular movement on the
thorax that the value of assessing internal rotation in
this way is questionable. It is much easier, and perhaps
has greater functional implications, to assess active
rotation in these two ways:

1. With the arm at the side and elbow flexed to 90
degrees and then observing active internal and
external rotation

2. With the humerus abducted in the coronal plane to

approximately 90 degrees and then asking the
patient to internally and externally rotate his shoul-
ders. From this position it is very easy to see how
early the scapula comes into play during external
rotation and whether or not there is a significant
difference in the scapulothoracic and gleno-
humeral motions when comparing the two sides
(Figure 5-9, A-C ).

If overpressure is applied to the rotations of the
glenohumeral joint at this point, special attention
needs to be paid to potential subluxations. The patient
may feel especially vulnerable with overpressure in
external rotation, so do not attempt to push through
any muscle guarding that may be present. Consider
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Figure 5-8. The typical painful arc of motion
that signifies capsular restriction and impinge-
ment begins at 0 degrees of active abduction to
approximately 60 degrees A, and is painless. 
B, As the arm moves from 60-120 degrees
there is a scapular substitution that accompa-
nies humeral abduction that is designed to min-
imize suprahumeral compression and this arc is
painful. C, The arc from 120 degrees to end of
range of abduction is again painless.
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stabilizing the anterior aspect of the humerus and gle-
noid if overpressure in external rotation is applied at
this point in the examination. Subtly removing and
reapplying this stabilization force over the anterior
aspect of the glenohumeral joint offers significant clues
regarding the presence or absence of joint stability.

During all requested movements, it is essential to
view scapular motion and humeral motion simultane-
ously. Assess whether the overhead motion attempted
by the patient is primarily scapulothoracic motion that
might occur with adhesive capsulitis or rotator cuff
problems. With these two clinical problems, very little
humeral motion occurs on the glenoid, and instead,
the arm moves upward or out to the side primarily by
motion of the scapula on the thorax. The scapulotho-
racic articulation is quite mobile in all planes, and the
clinician can be misled into thinking that more gleno-
humeral motion is present than is actually available.
The final portion of the active motion tests look at iso-
lated scapular motion, such as elevation, retraction,
depression, and protraction, and the effect these
motions may have on the familiar pain.

On completion of the assessment of the active
motions of the shoulder girdle, we have a good idea
of the pain location, where throughout the ranges the
patient has the most difficulty (due to pain, weakness,
motion limitation, or feeling of instability), and the
ease in which the symptoms can be provoked. We
have the patient repeat these active motions numer-
ous times because the self-report of any difficulties
experienced during active ranges needs to be consis-
tent and reproducible to be of value. Subsequent por-
tions of the examination use the information already
gleaned to place selected stresses into the various tis-
sues in order to provide further clarification of the
painful syndrome.

Passive Motion Assessment and
Passive Provocational Tests

At this point we ask the patient to be seated.
Typically we conduct several of the passive tests
described in this section from the seated position
(Table 5-8) and then conduct the remaining passive
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Figure 5-9. Assess glenohumeral rotation in
two ways: A, Examine the supine patient with
an extremely painful shoulder with the involved
arm in a neutral position. B and C, Use a posi-
tion that begins to approximate functional
motion where the humerus is abducted to
approximately 90 degrees and ask the patient
to externally, B, and internally, C, rotate from
that position. This is the best position to see
how quickly the scapulothoracic articulation
moves and how much of the rotation is actually
glenohumeral versus scapulothoracic.
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tests from the supine position. If necessary, the side-
lying or prone positions can also be used to further
substantiate findings from the seated or supine
positions.

The passive tests are designed primarily to provoke
familiar pain through carefully applied compression,
tensile, or shear stresses to the glenohumeral structures.
Most passive tests for the musculoskeletal system take
advantage of an understanding of the three dimen-
sional relationships of anatomical structures, and thus
many of the tissues can be passively prepositioned so
that the examiner can apply a passive force and assess
the response. Thus passive tests are not limited to assess-
ing the connective tissues, such as the joint capsule and
ligaments, but can also be used in physical examination
of the shoulder to assess muscle-tendon tissues.

We feel that the passive tests are the most important
part of the physical examination for mechanical
shoulder pain. Although there are many different pas-
sive tests for physical examination of the shoulder, two
key items are important to consider regardless of the
test used:

1. Recognize exactly where the forces you apply ulti-
mately converge in the region and what movements
of the articulation might occur with the application
of such forces. It is essential to have the ability to
visualize the anatomy and understand exactly
which force or combinations of forces are being
applied to tissues of the region.

2. Apply overpressure carefully during the test and
note the end feel (e.g., the feeling imparted to the
examiner’s hands during the passive test) and the
relationship of that end feel to the patient’s
response. Does pain occur before, during, or after
your hands meet resistance? This information is
important for examination purposes and when
considering and planning the treatment process.

The examiner has most likely decided whether or
not stability is a question from the information
obtained in the patient history and the active tests.
Further corroboration can be gained using a series of
passive tests from the seated position.

The first test we prefer to conduct is the sulcus test,
which assesses inferior glenohumeral joint instability
(Figure 5-10). In this test the patient is seated with the
arm comfortably at the side. The examiner palpates
the suprahumeral space with one finger, and the oppo-
site hand applies an inferiorly directed force through
the long axis of the humerus. A positive sulcus test
results in a “gaping” at the suprahumeral space
because of excessive inferior translation of the head of
the humerus.6,19

After repeating the sulcus test, and thus developing
the ability to visualize the anatomical relationships of
the patient’s scapulohumeral interface, we perform the
load and shift test (Figure 5-11, A-C ).9 In this test the
patient is seated with his hand resting on his thigh.
The examiner grasps the humeral head and com-
presses it into the glenoid fossa, thus seating the head
of the humerus within the glenoid. This is considered
the “load” portion of the load and shift test. From this
point the examiner attempts to translate the head of
the humerus anteriorly and posteriorly, noting
humeral motion, and ascertains whether the humeral
head is clicking over the glenoid rim. Because of the
loading portion of the examination, less movement
would be expected in this test than the next test that
we perform: the drawer test.

Drawer tests also assess translation of the humeral
head. Normally translation is equal anteriorly and
posteriorly and is best assessed with the arm toward 90
degrees abduction and neutral rotation (Figure 5-11,
D-E ). Carefully assess motion and whether the
humeral head, if unstable, clicks over the glenoid rim
during the test. Again, it is important to compare the
first with the opposite shoulder. If it is difficult to hold
the arm and apply the translatory stresses, or if exces-
sive muscle guarding develops as the arm is passively
brought out to the start position, the test can easily be
done when the patient is moved to the supine position.

Palpation

Although some clinicians prefer to wait until the
end of the examination to conduct a palpation
sequence, the examination process has already
revealed a significant amount of information from the
history, the active tests, and the beginning battery of
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Table 5-8. Sequence of Physical
Examination: Seated Position

Sulcus test
Load and shift test
Drawer tests
Palpation
Neuromuscular resisted tests
Impingement tests
Assessing generalized connective tissue laxity
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stability tests. Thus the information that can be gained
from conducting a palpation examination at this point
is valuable because it confirms findings that have
already been arrived at and helps provide the focus for
the remaining portion of the physical examination.

Palpation is usually performed to detect tender-
ness in underlying musculoskeletal structures but also
needs to be performed to assess for the presence of
muscle spasm, nodules, temperature and swelling,
and changes in contour when the two sides are com-
pared. We prefer to start away from the area of pain
and then move toward the existing complaint. Table
5-9 lists the essential areas for palpation in the shoul-
der examination. The examiner cradles the humerus
and the arm as it is moved to varying positions in
order to palpate and repalpate the shoulder. We pay
particular attention to the region over the anterior
glenoid, the complete surfaces of the tuberosities, the
suprahumeral space, and the acromioclavicular joint.
We typically use the following sequence when
palpating the shoulder:

Anterior
Key palpations on the anterior aspect of the shoul-

der include the acromioclavicular joint and along the
length of the clavicle. The clavicle usually rides
slightly higher than the acromion and can be checked
to reveal whether or not a subluxation or dislocation of

the acromioclavicular joint is present. Old fractures of
the clavicle may have formed a large, bony callus,
which can mechanically compromise the neurovascu-
lar bundle as it travels between the clavicle and first
rib. Acromioclavicular joint arthritis can manifest as
pain with palpation over the joint line. At this point in
the examination, the clavicle also can be gently moved
inferiorly or posteriorly to assess the response of the
acromioclavicular joint to accessory movement. The
undersurface of the acromioclavicular joint is often
associated with compromise to the rotator cuff ten-
dons, contributing to impingement syndrome. The
sternoclavicular joint region can be palpated as well,
although its involvement in shoulder joint pathologies
is significantly less likely than involvement of the
acromioclavicular joint.

The anterior aspect of the glenoid labrum is
another important structure to palpate (Figure 5-12,
A and B). The glenoid labrum is often tender to pal-
pation in patients with subluxation or instability
problems of the glenohumeral joint. From this point
in the palpation, the examiner can move to the
region of the lesser tuberosity, which serves as the
insertion for the subscapularis muscle, and then just
laterally to the bicipital groove. The examination of
the anterior structures is usually concluded with the
soft tissues of the anterior axillary fold and the supra-
clavicular tissues.
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Figure 5-10. Perform the sulcus test to
assess inferior glenohumeral joint insta-
bility with the patient seated with the
arm comfortably at the side. Palpate the
suprahumeral space with one finger, and
use the opposite hand to apply an inferi-
orly directed force through the long axis
of the humerus. A positive result on the
sulcus test is marked by a “gaping” at the
suprahumeral space because of excessive
inferior translation of the head of the
humerus.
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Figure 5-11. In the load and shift test, A, first the examiner uses his bottom hand and body to exert
a superior and medial force along the humerus to increase compression at or “seat” the gleno-
humeral joint. B, The opposite hand cups the humeral head, and then the thumb and middle finger
create a transitional force that moves the head of the humerus anteriorly, C, and posteriorly. The
drawer test examines passive mobility or stability of the glenohumeral joint. A positive finding allows
the examiner to feel the humeral head rise up on the glenoid labrum, often producing an audible
click. This can be interpreted as one or a combination of capsular instability, a labral tear, or
detachment of the glenoid labrum. Other techniques, D and E, can be used to assess the integrity
of the glenoid labrum. Such techniques use the humerus and the base of the hand to specifically
direct the desired force to the head of the humerus.
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Many tests have been described for assessing labral
defects, and several are illustrated here that are useful in
identifying labral problems, including the “clunk test”1

(Figure 5-13, A and B), the Kibler test15 (Figure 5-14),
and the O’Brien test,28 or active compression test (Figure
5-15, A and B). Further examination via arthroscopy,

magnetic resonance imaging, or CT arthrography is
often necessary to make the definitive diagnosis.

Lateral and Posterior
One of the key areas for palpation is the

suprahumeral space. Several key tissues, notably the
glenohumeral joint capsule, the supraspinatus and
infraspinatus tendons, the long head of the biceps ten-
don, and the subacromial bursa, lie in this region. The
examiner needs to carefully palpate the region imme-
diately under the acromion and continue the palpa-
tion inferiorly over the complete greater tuberosity. We
prefer to place the humerus in various degrees of
external and internal rotation and then palpate the
greater tuberosity as increasing areas of the cuff and
bursa become exposed with this technique.

Table 5-9. Key Areas for Palpation:
Shoulder Region

Acromioclavicular joint
Greater and lesser tuberosities of humerus
Bicipital groove for long head of the biceps
Areas of bursae, especially suprahumeral space
Anterior axillary fold
Anterior labral region
Supraclavicular soft tissue
Any other areas on basis of examination

B

A

Figure 5-12. Palpation of the ante-
rior aspect of the glenoid labrum can
be done with, A, the patient in a
supine position, or B, the patient
seated. This is an important palpation
because tenderness in this region is
common in patients with subluxation
or instability problems of the gleno-
humeral joint. Tenderness also may
indicate anterior labral lesions.
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The supraspinatus and infraspinatus muscles can
then be palpated in their respective fossae. We conclude
the examination of the posterior structures by assessing
the soft tissues of the posterior axillary fold and the
paraspinal muscles. Tenderness over the superomedial
corner of the scapula is often found in patients with
rotator cuff tendonitis. One potential reason for this is
the mechanical linkage between the supraspinatus and
levator scapulae muscles at the medial aspect of the
supraspinous fossa (see Chapter 3).

Muscle-Tendon and Neuromuscular
Examination via Resisted Tests

Once the information from the patient history is
confirmed via palpation and stability tests and with
the patient still seated, we proceed with tests that are
intended to answer two questions:

1. Do contractions of the muscles associated with the
shoulder girdle reproduce familiar pain?

2. Are there any neural conduction problems?

Resisted tests were first described by Cyriax as a
means to discern muscle-tendon lesions from lesions of
the inert tissues.4 While instructive for reviewing the
functional anatomy of the shoulder, it is probably not
possible to completely isolate the muscle-tendon units
from the connective tissue structures. As noted in

Chapter 3, the attachments of the rotator cuff muscles
are not simply connected to the tuberosities of the
humerus, but rather via a blending with the gleno-
humeral joint capsule. Likewise, the muscle tissues are
intimately related to the fascial networks of the

150 FUNCTIONAL ASSESSMENT OF THE SHOULDER GIRDLE COMPLEX

BA
Figure 5-13. The “Clunk test” is performed by positioning a supine patient’s shoulder in 0 degrees
abduction and 90 degrees elbow flexion and then slowly A, internally and B, externally rotating the
humerus while maintaining strong joint compression through the long axis of the humerus. A “catch-
ing or clunking” of the humerus during the rotation is considered to be a positive sign.

Figure 5-14. In the Kibler test, the standing patient has
his hands on his hips, with his thumbs draped over the
posterior aspect of the iliac crest. Stabilize the shoulder
girdle with one hand and push strongly through the elbow
along the long axis of the humerus while the patient
pushes back in the opposite direction. Pain, popping, or
clicking in the shoulder is considered a positive sign.
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shoulder, and contraction of the muscle exerts tensile
stresses to the fascia and ligaments via direct pull and
through the broadening effects of the muscle within its
fascial envelope, such as the compartmentalized infra-
spinatus muscle.

Despite the limitation of not being able to com-
pletely isolate the muscle-tendon unit, screening the
shoulder muscles is essential because of the possibil-
ity of provoking pain and detecting weakness. If
weakness is detected, the examiner needs to com-
prehensively test the muscles of the shoulder girdle.
The motions that should be tested as part of the rou-
tine shoulder examination are listed in Table 5-10.
We pay particular attention to those tests that can
potentially detect strength or weakness of the cuff
tendons and whether contraction of the muscles
reproduces familiar pain because a large proportion
of shoulder pathologies are related to involvement
of the rotator cuff.

We do the initial portion of resisted testing with the
patient’s arm at the side and without any movement
allowed between the humerus and the scapula. The
intent of such an isometric test is to minimize forces
on surrounding capsule or ligamentous structures. We
request that the patient “hold” the position while the

testing force is being applied rather than encouraging
him to “push against us.” Using the former command
instead of the latter one ensures that the examiner is
in complete control of the test and allows for specific
gradations of resistance force to be applied. Figure 5-16,
A-F, demonstrates selected tests for the resisted tests
portion of the shoulder examination.

Since rotator cuff pathology is so common, special
attention usually is given to assessment of the muscles
that make up this important complex. The supraspinatus
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Figure 5-15. Perform the O’Brien or active compression test by having the patient bring the shoul-
der to 90 degrees flexion and 15 degrees adduction. A, With the humerus externally rotated (thumb
up), resist further shoulder elevation, and B, Repeat the same maneuver with thumb down position.
The thumb down position exhibits increased loading of the labrum-biceps tendon complex.
Consider the test positive if the thumb up position relieves pain compared to the results in thumb
down position.

BA

Table 5-10. Resisted Tests of the Shoulder

Assess for weakness and reproducibility of symptoms using:
Forward flexion in neutral
Forward flexion with arm forward (Speed’s test)
Shoulder extension
Shoulder abduction in neutral
Shoulder abduction in impingement position
Shoulder adduction
Internal rotation
External rotation
Elbow flexion
Elbow extension
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B

Figure 5-16. There are a number of resisted tests for examination of the shoulder. Examples include:
A, Resisted external rotation from neutral position. B, Resisted external rotation with the arm pre-
positioned in internal rotation. Note that this position stretches the infraspinatus and teres minor, and
then asks the muscle to contract strongly from the stretched position. Generally, if more passive pre-
stretch is needed to provoke pain with muscle contraction, the lesion is considered to be less severe. 
C, Impingement test position with the arm forward flexed and internally rotated. The patient is asked
to “hold,” and pain with contraction usually incriminates the supraspinatus muscle. D, Speed’s test is
an excellent tool to assess the biceps tendon, specifically for the SLAP lesion. The examiner resists
shoulder flexion while the arm is first supinated, and then with it pronated E, while the elbow remains
extended. An even better assessment that uses Speed’s test actively resists an eccentric movement of the
arm into extension. This puts increased tension onto the biceps tendon and moves the bone under the
tendon. F, Position the shoulder to place maximal stress to the biceps tendon by creating a posterior to
anterior force to the humeral head with the left hand while the right hand resists shoulder and elbow
flexion. This uses the head of the humerus as a fulcrum, which increases the tensile stress of the biceps
tendon. Resisted pronation and supination further stress the tendon and its attachment.
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muscle is often tested using the “empty can” test, in
which the patient’s arm is abducted to approximately 90
degrees without any rotation of the humerus.13 A resist-
ance force to abduction is applied, and the arm is
brought forward into the scaption plane while the
humerus is internally rotated (thumb toward the floor as
if emptying a can), with resistance to abduction being
applied once again. Weakness or pain is indicative of
supraspinatus involvement.

A variation of the empty can test is used to detect
complete tears of the rotator cuff tendons and is
known as the “drop-arm” test.21 Here the examiner
passively lifts the shoulder to the abducted position
and asks the patient to hold the position and begin to
slowly lower the arm to the side. The test is considered
positive when the patient cannot hold the position or
lower the arm slowly and the arm falls back to the
patient’s side.

In our experience simple resisted flexion of the
elbow as described by Cyriax rarely elicits pain from
involvement of the long head of the biceps tendon.
This is because lesions of the long head of the biceps
tendon are primarily of two types: the SLAP (supe-
rior labral anterior to posterior) lesion, which is a par-
tial avulsion of the long head of the biceps and
superior glenoid labrum from the glenoid, and ten-
donitis or tenosynovitis as a result of friction of the
tendon in the bicipital groove of the humerus. SLAP
lesions are among the most complex because they can
be subdivided into four different classifications based
on the extent of the labral and biceps tendon detach-
ment.33 One of the best tests to assess the long head
of the biceps is to pre-position the shoulder in for-
ward flexion and apply resistance to forward flexion
in a manner that makes the test an eccentric contrac-
tion of the shoulder flexors (Speed’s test). In other
words, the examiner carefully pushes the patient’s
shoulder back toward extension, gently overcoming
the resistance of the shoulder flexors. Further tension
can be placed through the long head of the biceps by
simultaneously resisting forearm supination during
the flexion movement, or by passively pre-positioning
the forearm in full pronation for the test. The exam-
iner needs to be careful during this test because an
abrupt force, or one that is too great, can cause fur-
ther injury to the long head of the biceps tendon and
the glenoid labrum.

Performing these tests places a strong tensile stress
to the long head of the biceps tendon and moves the
humerus under the tendon. The examiner needs to
realize that sometimes it is this movement rather than

the resistance that reproduces shoulder pain; move-
ment of the humerus under the tendon creates a fric-
tional force between the tendon and the bicipital
groove. The biceps tendon does not slide in the bicip-
ital groove, but rather the bony groove slides under the
tendon. Understanding this subtle difference between
these mechanics becomes important in developing an
exercise program. Patients with a suspected tenosyn-
ovitis problem must learn that decreasing motion of
the affected arm from flexion to extension (such as in
rowing exercises, work, or sport) is the best way to rest
the injured long head of the biceps tendon, rather
than simply decreasing the movements of elbow
flexion and extension.

Finally, muscle tests can be performed to confirm or
rule out any neural conduction problem (see Tables 2-1
and 2-2).

Impingement Tests

The patient history, along with results of palpation
and resisted tests, provides the examiner with important
information about the tissues under the coracoacromial
arch. Next, we typically conduct the various impinge-
ment tests with the patient in the seated position. As
mentioned in Chapter 4, the examiner’s frame of refer-
ence must include both external and internal impinge-
ment. We simplify the examinations for these two
conditions by considering external impingement to be
primarily related to the bursal side of the cuff tendon
and the intimate association that this side of the tendon
has with the coracoacromial arch and internal impinge-
ment to be more closely related to the articular side of
the tendon and the relationship that this region of the
tendon has with the glenoid labrum.

External impingement is recognized as a compo-
nent of cuff disorders and frequently, and perhaps
even more commonly, a secondary phenomenon asso-
ciated with activities or adaptive changes in the con-
nective tissues of the glenohumeral joint capsule.
Overuse and fatigue related to eccentric overload of
the rotator cuff muscles resulting in intrinsic fiber fail-
ure of the cuff and biceps tendon constitutes the pri-
mary etiology in the active, young population
(throwers, lifters, workers). The initial failure of the
fibers may lead to secondary impingement as external
forces, such as those with throwing, pull the cuff supe-
riorly. Patients with anterior instability are also at risk
for impingement because of the architecture of the
subacromial region. Those with loose shoulders or mul-
tidirectional instabilities may develop cuff tendonitis

FUNCTIONAL ASSESSMENT OF THE SHOULDER GIRDLE COMPLEX 153

W9272-05.qxd  8/20/03  7:10 PM  Page 153



because of overwork and overstretching of the gleno-
humeral joint capsule.

There are several special passive tests for external
impingement (Figure 5-17, A-D). Pain on forced for-
ward flexion in which the greater tuberosity is forced
up against the acromion is often referred to as the Neer
impingement test.26 This test may be varied through an
attempt to provoke pain with forced internal rotation
of the 90-degree forward flexed arm. We use a com-
bination of these tests in which the humerus is forced
up against the acromion with the humerus initially in
maximal external rotation. After the humerus is low-
ered away from the arch, it is internally rotated and
then again forced up against the arch. This is repeated
several times with the arm internally rotated slightly

more each time until it reaches full internal rotation.
Testing in this manner presents a significant portion of
the greater tuberosity and the bicipital groove to the
undersurface of the coracoacromial arch.

Internal impingement is a phenomenon most often
found in shoulders that exhibit laxity, whether that
laxity is congenital or, more commonly, a result of
acquired laxity seen in overhead athletes. An abduc-
tion and external rotation motion with a lax shoulder
results in the humerus subluxing anteriorly. When this
subluxation occurs, the greater tuberosity impinges on
the posterior-superior aspect of the glenoid rim. The
deep surface of the rotator cuff may be pinched
between these two structures and under repetitive
loading can lead to partial thickness tears of the
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Figure 5-17. Passive tests for impingement are illustrated in A-D. A and B, Passive forward eleva-
tion is used in which the greater tuberosity approximates the under surface of the acromion, often
referred to as the Neer test. The movement impinges on the suprahumeral tissues between the bony
surfaces. C and D, Another passive test for impingement abducts the humerus to 90 degrees and a
force is generated by the examiner’s right hand along the humerus. This position and force increases
the compression load or impinges these tissues and directs increased loads to the acromioclavicular
joint. A patient with swelling in her suprahumeral tissues or at the AC joint will experience pain as
compression increases.
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tendon’s undersurface. Continuous compressive load-
ing of the tuberosity on the labrum can also result in
the labrum loosening or becoming detached, thus
compounding the instability problem. We typically use
a noninvasive test for internal impingement. We posi-
tion the shoulder toward abduction and external rota-
tion and then subtly use controlled and careful glides
of the humeral head while noting whether posterior
shoulder joint pain results with the position or gentle
translations.

Assessing Generalized Connective
Tissue Laxity

Before we move the patient from the seated position
to the supine position, we conduct an assessment of
generalized ligamentous laxity. Body type influences
the mobility of the joints because of the inherent elas-
ticity of the connective tissues. The examiner needs to
check quickly how much thumb hyperabduction,
index finger metacarpophalangeal (MCP) joint hyper-
extension, and elbow hyperextension is present to get
a sense of the patient’s connective tissue makeup.
When the examiner does this at this stage, he can con-
duct the remaining mobility and stability tests with the
patient in the supine position with more accurate
interpretation.

Physiological Motion Testing

At this point, we move the patient to the supine
position (Table 5-11). Tests that have been performed
from standing and sitting positions may be repeated in
order to confirm the patient’s previous responses to
the compressive, tensile, and shear stresses of the
examination. Confirmation of the patient’s responses
also occurs with variations of the previously adminis-
tered tests and additional tests that are best conducted
from the supine position.

The passive physiological motion tests are the first
that we typically perform from the supine position.
We take the patient’s arm through passive flexion-
extension, abduction-adduction, internal-external
rotation, and horizontal adduction. Note that a sig-
nificant amount of shoulder joint motion in the car-
dinal planes is from the contribution of the
scapulothoracic articulation. Therefore when the
patient is lying supine with the scapula compressed
against the table, the endrange of passive gleno-
humeral motion is reached much earlier than when
the scapula is free to move. Be sure to assess carefully

what is actually true glenohumeral motion, rather
than total shoulder motion, with passive tests. More
clinical skill is needed with assessment of true gleno-
humeral motion from the supine position than typi-
cally meets the eye.

Rather than limiting the assessment to the cardinal
planes only, the examiner needs to move the humerus
in arcs of motion throughout the quadrant between
the sagittal and frontal planes, noting available range,
where in the range pain is felt, and the end feel that
limits the passive motion. Rotations are assessed from
varying positions in the different quadrants. It is
important to passively rotate the glenohumeral joint in
varying degrees of abduction, scaption, and flexion
in order to stress all parts of the glenohumeral joint
capsule and intrinsic ligaments.

Horizontal adduction is included in the passive
physiological tests for its assessment of the joint cap-
sule and the effect of increased tensile stress to the
posterior cuff muscles and a means to assess the
endrange capabilities of the acromioclavicular joint
and the ability of the tissues under the coracoacro-
mial arch and over the coracoid process to tolerate
compression.

The capsular pattern of the glenohumeral joint as
described by Cyriax is a passive pattern of motion that
reveals a marked limitation of glenohumeral external
rotation and an accompanying limitation of gleno-
humeral abduction and internal rotation.4 The most
typical “pattern” is one in which the external rotation
limitation is the most significant motion loss and
glenohumeral abduction is the second most significant
loss. The usual explanation for the pattern of motion
loss is the loss of elasticity of the anterior pleats of the
glenohumeral joint capsule (limiting external rotation)
and a loss of the elasticity of the inferior pleats of the
capsule (limiting abduction).

Although this explanation helps us begin to under-
stand the relationship of the anatomy of the joint cap-
sule to movement, the syndrome adhesive capsulitis is
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Table 5-11. Sequence of Physical
Examination: Supine Position

Passive physiological motions
Joint play to glenohumeral joint
Stability tests (relocation tests)
Apprehension tests
Joint play to acromioclavicular and sternoclavicular joints
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much more complex because physiological changes
are mostly at the cellular level (see Chapter 4).
Typically the inflammatory process and tissue fibro-
sis are centered in the subsynovial layer of the joint
capsule and the joint capsule may be adhered to the
humeral head itself.27 Tissue fibrosis also may occur
in other regions of the joint capsule, leading to dif-
fering patterns of movement. For example, a
“reverse” capsular pattern for impingement prob-
lems of the shoulder has been described in which
there are more limitations in glenohumeral internal
rotation than in glenohumeral abduction and exter-
nal rotation.34 Additionally, it is important to realize
that patients with diabetes have a much higher inci-
dence of shoulder joint capsule problems than those
without the disease.3,20,32 Therefore the pathogenesis
of capsulitis is probably multifactorial and not simply
a disuse phenomenon. We noted earlier that there
are three phases of “frozen shoulder,” or adhesive
capsulitis. Although a pattern may be present, it is
perhaps more important to concentrate on the end
feel when passive tests are used in the physical exam-
ination because it is the end feel, coupled with the
patient’s response to pain when the end feel is
reached, that ultimately identifies the phase of the
syndrome present and directs the treatment process.

Joint Play and Stability Tests

We focus the next part of the examination on the
quality of and the patient’s reponse to glenohumeral
joint play. Joint play refers to the accessory motions of
the glenohumeral joint, as well as those incorporated
via specific tests to determine the possible presence of
glenohumeral instability. Three of the more important
signs that we look for include conditions in which the
humerus has less-than-normal movement with trans-
latory motion of the humerus on the glenoid (capsule
hypomobility), movements that either increase pain or
result in apprehension by the patient, or excessive
mobility of the humerus on the glenoid with or with-
out pain (capsule hypermobility). Be aware that if
there is any muscle guarding or muscle spasm while
the passive tests are performed, mobility of the
humerus on the glenoid cannot be accurately assessed.

Simple anterior, posterior, and inferior glides of the
head of the humerus on the glenoid with the patient
in the side-lying position and the shoulder joint in the
“loose packed” position (55 degrees abduction, 30
degrees forward flexion, neutral rotation) are an excel-
lent way to begin this portion of the examination
(Figure 5-18, A and B).14 The examiner needs to apply
the anterior and posterior forces in the scaption plane
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Figure 5-18. Examination of anterior and posterior translations of the head of the humerus on
the glenoid with the patient in the supine position with the shoulder in the “loose-packed” position
(55 degrees abduction, 30 degrees forward flexion, neutral rotation). We secure the head of the
humerus with one hand and grasp the distal humerus with the other hand. A simple anterior (A) and
posterior (B) glide is used with the force being applied in the plane of the scapula (scaption plane)
rather than the force being applied in the cardinal sagittal plane. Varying degrees of traction can be
applied to the humerus with the right hand.
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rather than the sagittal plane and determine the
patient’s response to the motion or the presence of
increased or decreased mobility in comparison with
the opposite side. Although abnormal anterior laxity
of the glenohumeral joint is the most common type of
instability, posterior and multidirectional instabilities
are increasingly recognized.

Numerous classification mechanisms for instability
can be used, including frequency and chronology, direction
and degree of instability, etiology, and presence or absence of vol-
untary control:

1. Acute, recurrent, or chronic conditions may be
described with regard to temporal background of
the patient’s complaints.

2. Instability may occur anteriorly, posteriorly, or infe-
riorly, or it may be multidirectional.

3. Articular surfaces may be completely separated
(dislocation), or symptoms may result from abnor-
mal translation without complete separation (sub-
luxation).

4. Episodes of macrotrauma are common. Micro-
trauma associated with repetitive use is very

common, especially in throwers, swimmers, and
workers with continual overhead demands.

Apprehension tests and relocation tests are often used to
examine the shoulder for instability. The simplest
apprehension test is one in which the patient’s shoul-
der is moved toward abduction and external rotation.
Typically, the patient with a history of subluxations or
dislocation has markedly increased muscle guarding or
voices fear (apprehension) of the shoulder “popping out”
as external rotation is increased. We perform a reloca-
tion test by placing one hand over the anterior shoulder
of the supine patient (Figure 5-19, A-C ). A posteriorly
directed force is applied with the hand to prevent ante-
rior translation of the head. Then the shoulder is
abducted and externally rotated in the same manner
used with the anterior apprehension test. A positive
result is obtained when this pressure used to stabilize
the head of the humerus and prevent it from sublux-
ing anteriorly allows increased external rotation and
diminished associated pain and apprehension.

Finally, the joint play of the acromioclavicular and
sternoclavicular joints can be assessed from the supine
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Figure 5-19. In the relocation test: A, The
examiner places his hand over the anterior
shoulder of the supine patient. B, A posteriorly
directed force is applied with the hand to pre-
vent anterior translation of the head. C, Then
the shoulder is abducted and externally rotated
in the same manner as in the anterior appre-
hension test.
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position. Simple anterior-posterior pressures on the
lateral aspect of the clavicle just adjacent to the
acromioclavicular joint assess this joint’s tolerance to
shear loads. The same anterior-posterior pressures at
the medial end of the clavicle just adjacent to the ster-
num assess the sternoclavicular joint’s responses to
shear.

Special Tests

Special tests including radiographic assessment,
arthograms of the glenohumeral joint, magnetic reso-
nance imaging of the shoulder, or diagnostic
arthroscopy are important adjuncts to the patient his-
tory and physical examination (Table 5-12). Neural
tension and thoracic outlet tests are controversial in
both their application and interpretation. The rele-
vant anatomy for such tests and clinical considerations
have already been described in Chapter 2.

SUMMARY

We have provided a template from which to con-
duct the patient history and physical examination for
problems related to the shoulder girdle as a basis for
evaluation. Although there are numerous special tests
available for the analysis of the shoulder, many are
redundant. We encourage the reader to learn and
understand the clinical anatomy and choose provoca-
tional tests that make good clinical sense and can be
reproduced from patient to patient. We have offered
an examination sequence that moves the patient infre-
quently and allows the information gained to be
applied continuously to the next portion of the physi-
cal examination. It is important to recognize that a
diagnosis for shoulder problems is rarely made using a
singular test but instead relies on correlating the

information gained from the history and results of the
physical examination.

In Chapter 6 we will look at specific problems
related to the shoulder and make suggestions regard-
ing the organization of various interventions in order
to optimize treatment outcomes. The examination
described here typically provides the information from
which a treatment plan can be developed and perhaps
more importantly results in gaining information,
which allows the patient to assume responsibility for
important aspects of the management process.
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INTRODUCTION

In this text we have emphasized that a detailed
understanding of the anatomy, especially the relation-
ships of individual tissues and structures to one other,
is requisite to effective application and interpretation
of various aspects of the physical examination and to
implementation of appropriate treatment interven-
tions. References to video clips have been placed at
key points throughout Chapters 2, 3, and 4 to enhance
this understanding, highlight its clinical relevance, and
provide the reader with a three-dimensional apprecia-
tion of the pertinent anatomy. On gaining a thorough
understanding of the region, it becomes easier to visu-
alize the mechanisms by which different structures
related to the shoulder girdle are stretched and com-
pressed and move in relation to one another during
exercise or as a result of the application of any man-
ual techniques. We encourage the reader to use the
accompanying anatomical DVD often during this dis-
cussion of rehabilitation for the shoulder, especially
when considering exercises. Visualizing the anatomy
in this way will augment the reader’s ability to scien-
tifically analyze the potential effects of every aspect of
treatment and allow appropriate modification of exer-
cises or movement patterns based on examination
findings.

The basic tissues of primary concern in the treat-
ment of mechanical disorders of the shoulder are the
connective, muscle, and nerve tissues. Examples of the
most commonly seen medical diagnoses of the shoul-
der, with reference to the tissues of primary concern,
include:

● Shoulder instability (connective tissues)
● Rotator cuff tears and surgical repairs (muscle and

connective tissues)
● Calcific tendonitis (connective tissues)
● Complex regional pain syndrome (nerve tissue)
● Repetitive strain syndrome (muscle tissue)
● Glenoid labral lesions (connective tissues)
● Neurovascular compression syndromes (nerve tissue)
● Acromioclavicular joint disorders (connective tissues)
● Fractures and total joint arthroplasty (connective

tissues)

When working from this tissue construct, the princi-
ples of treatment are very similar to those for the
extremities and the spine. In this chapter we will suggest
that by coupling the four objectives of treatment (patient
education, pain modulation, movement promotion
through strategically applied forces, and neuromuscular
efficiency enhancement) with an understanding of the
response of tissues to aging and injury, a logical and
effective plan of care can be established.

CHAPTER 6
TREATMENT OF
MECHANICAL
SHOULDER DISORDERS
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Disorders of the shoulder are a particular challenge
because of the inherent instability of the various artic-
ulations and the limited understanding of the complex
yet highly coordinated roles the neuromuscular system
plays over these same articulations. The enormously
wide range of surgical and nonsurgical interventions
(for example, thermal capsular shrinkage, exercise,
acromial resection, rotator cuff repair, capsular shifts,
bone and tendon translocations, subacromial debride-
ment, rest, prolotherapy) not only reinforces that
science has a surprisingly limited understanding of the
shoulder complex but also suggests that no one
formula exists for shoulder treatment.

Trying to determine the best treatment for shoulder
disorders is extremely difficult owing to the realities of
clinical practice. Since it is problematic to select a
homogenous group of patients with precisely the same
anatomical lesion responsible for the shoulder disor-
der, it is very difficult for outcome studies to compare
and contrast the results of treatment interventions
between patient populations. Diagnostic labels must
be valid and reliable if treatment results are to be
compared. Yet it is not simply the difficulty in estab-
lishing a meaningful diagnostic label that renders
analysis of a homogenous group of patients with
mechanical shoulder disorders difficult but also such
factors as the patient’s work requirements, social roles,
myriad insurance and legal influences, and the unique
and individualized responses that each individual has
to pain stimuli and disability.

Despite such limitations, treatment can be based on
the known sciences related to tissue aging, injury, heal-
ing, and repair. In addition, the effect of exercise on
the promotion of general health, physical well-being,
and enhancement of tissue strength and function is
well accepted and understood. It is on these strong
foundational principles that this chapter is based.

GENERAL CONCEPTS

For the most part musculoskeletal tissues heal pre-
dictably. This is an important point to recognize in
planning the treatment process for mechanical disor-
ders of the shoulder. The literature is replete with
information regarding the healing potential of
bone,4,5 tendon,16,19,25 ligament,2,8 muscle,14

nerve,3,20 and cartilage.6,17,18 Therefore rehabilitation
for any musculoskeletal disorder should by definition
follow foundational guidelines that have been estab-
lished for these tissues.

The uniqueness of any rehabilitation program,
however, becomes dependent on the functional
demands of that region. Therefore while the founda-
tional rehabilitation principles regarding tissue repair
might be similar for rehabilitation of the shoulder, low
back, or knee, the uniqueness of the rehabilitation pre-
scriptions is dependent on the functional demands
that the region is currently being subjected to and is
expected to be subjected to in the future.

This is the primary reason that the concept of force
attenuation was introduced in Chapter 1 and then
continuously reiterated in subsequent chapters, cul-
minating in Chapter 5, with this paradigm being the
essential focus of the examination process. The rela-
tionship of the loading response from functional
demands to treatment of mechanical shoulder disor-
ders is extremely important. Management strategies
will need to be tailored to and implemented for con-
ditions as varied as those seen in the throwing athlete,
the older adult patient with full thickness tear of the
rotator cuff, the swimmer, the overhead worker, the
gymnast, the tennis player, the patient with neurovas-
cular compromise to a component of the brachial
plexus, or an individual who insidiously loses gleno-
humeral capsular resiliency within a few days.

Accurate mechanical diagnosis and the implemen-
tation of appropriate interventions are thus inti-
mately related. Being able to predict the outcome of
the treatment dosage based on the interpretation of
the findings of the history and physical examination,
along with meaningful and practical patient educa-
tion, is closely related to quality patient care. In the
shoulder, particularly with the dominant side, the key
to any treatment approach is to minimize, and in the
best of circumstances, prevent the overload to the
injured tissue while staying active. The assessment
process suggested in Chapter 5 helps the clinician
determine the “barrier,” the position of the extremity
or the loading response of the tissues that just begins
to stimulate the nociceptive system or reproduces
signs or symptoms similar to the original problem for
which the patient has sought help. Once such a bar-
rier is determined, the clinician must decide whether
rehabilitation should work through that barrier,
mechanically stressing the repairing tissues, or be
designed to work away from the barrier, recognizing
that the force attenuation capabilities of the tissues
have been irrevocably lost. Such a decision becomes
part of the guiding philosophy behind designing the
plan of care and is scientifically grounded when the
loading responses of tissues, the effects of age and
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injury on tissues, and recognition of the three major
influences on the painful response (chemoreceptor
activation of the nociceptive system, mechanorecep-
tor activation of the nociceptive system, and the influ-
ence of psychosocial factors on the pain response) are
understood.

In order for any rehabilitation program to be effec-
tive, the patient must also take “ownership” of his
problem. It is therefore important for the patient to see
and understand the similarities of the positions and
forces mentioned above in his activities of daily living
or the requirements of his work or sport. In order for
collagenous structures to repair, a balance between tis-
sue loading and controlled rest must be struck. This
becomes one of the primary dilemmas with rehabilita-
tion of the shoulder, especially in regard to work and
sport requirements. The successful clinician helps the
patient analyze movement and the relationship of
movement to healing and potential reinjury. The
patient must then pay particular attention to those
activities that are more reflexive or subconscious in
nature, such as arising from his chair, opening and clos-
ing heavy glass doors, reaching overhead for cups and
dinner plates, lying on his shoulder when falling asleep,
or abruptly lifting heavy objects, among a wide array of
movements, and be able to relate these to his shoulder
impairment or functional loss. The successful patient
will make the temporary changes in physical behavior
that minimize the overload, while remaining active. At
the risk of being redundant, it is important to remem-
ber that this is the primarily purpose of the evaluation
system as outlined in Chapter 5: to provide the clini-
cian and the patient with a knowledge base that allows
for the implementation of practical solutions to bal-
ance activity and rest.

We have already seen that the neurology of the
upper quarter is complex and intricate. Also, it must
always be considered in the design of treatment pro-
grams. In many ways, the upper quarter neurology is
more complex than that of the lower extremities
because of the density of sensory receptors and mus-
cle spindles present here. Unlike other areas of the
body, pain anywhere in the upper quarter has the
potential to exacerbate symptoms within the entire
region. Several examples illustrate this:

● The source of pain may be in the neck, but the
patient also complains of his entire arm aching, as
well as ringing in the ears.

● The patient with a degenerative segment in his cer-
vical spine feels pain “right between my shoulder

blades” when he extends his neck and laterally
flexes toward one side.

● The patient complains of pain along the back of
the arm, scapular regions, and neck after injuring
himself while performing a pull-up.

● The patient with the frequently dislocated shoulder
complains of headaches and pain at the superior
medial border of the scapula.

● The patient with a trivial injury to the wrist and
hand develops edema, pain, and discoloration of
the complete arm and forearm and is unable to tol-
erate any sensory stimulus to the upper quarter.

● The patient presents with carpal tunnel syndrome
but on close examination also has shoulder pain and
evidence of cervical nerve root involvement.

● The patient attempts a new exercise on a selector-
ized exercise machine at his local exercise facility
and feels an immediate discomfort in the shoulder,
which then results in neck stiffness and diffuse arm
pain the following day.

These examples demonstrate that it is not only the
anatomical linkages of tissues that have been
described in this text that are important to recognize
but also the neurology of the region. Both must be
taken into consideration when examining any patient
with upper quarter pain.

Finally, we must mention the importance of move-
ment in the early phases of rehabilitation. With most
injuries, the sooner the injured region can be moved
into and through a painful range of motion with an
intensity, frequency, and duration that does not exac-
erbate the condition, the more rapid the recovery.
Moving through the painful range at the appropriate
rate and amplitude requires guidance by the clinician
and is an essential factor in facilitating functional heal-
ing and ultimately the determination of future func-
tional limitations.

INTENT OF TREATMENT

The intent of treatment has four basic compo-
nents:26

1. Optimize the healing environment.
2. Restore anatomical relationships between the

injured and noninjured tissues.
3. Maintain the normal function of the noninjured

tissues.
4. Prevent excessive stress or strain to the injured

tissues.
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Optimize the Healing Environment

Healing of collagenous structures can be described
in three phases: reaction, regeneration, and remodel-
ing.26 The reaction phase calls on specific cells to cre-
ate the cellular and chemical environment required for
tissue repair. Mast cells, granulocytes, leukocytes,
fibroblasts, and myofibroblasts respond and reach the
injured and surrounding regions quickly. This barrage
of cells, when coupled with the inflammatory exudate
that results, creates a “biological soup.”28 This is an
excellent analogy because it provides a strong visual
image of the thickened fluid–like nature of the envi-
ronment and the tissue stasis that result. This soup
becomes the basis for increased tissue pressure, which
retards lymph drainage and microcirculation, render-
ing the area hypoxic and acidic. The depolarization
threshold of the nociceptive free nerve endings lessens
as the pH decreases, resulting in axonal depolarization
and increased afferent input into the central nervous
system. The resultant pain can begin a cascade of
events, including muscle spasm, decreased blood flow,
and increased fluid congestion.

The goal with treatment is to maximize the healing
environment through restoration of the microcircula-
tion environment and is often best accomplished
through graded and controlled movement. This is best
introduced by the clinician in the form of passive,
active assistive manual techniques, active movements,
or controlled muscle contractions over the area.

Time frames need to be considered with this treat-
ment intent and are dependent on the circulation pres-
ent in the region and the age of the patient. In an
adolescent a well-vascularized area may require as lit-
tle as 6 to 8 weeks for reasonable repair of connective
tissues, whereas a young adult may require 8 to 12
weeks. At the other end of the spectrum, the older
adult patient with an injury in an area with less optimal
vascularization, such as the rotator cuff tendons, may
require 6 to 9 months for reasonable repair, if repair is
even possible. In all cases, repair of collagenous tissues
ultimately results in some loss of function.10,22,29

Restore Anatomical Relationships
Between the Injured and Noninjured
Tissues

This second intent of treatment refers to the intro-
duction of movement designed to stress the injured
tissues in a way that stimulates functional healing and

allows the tissues to begin assuming their role of load
attenuation in concert with the surrounding tissues.
Restoration of the strength, length, and motion capa-
bilities of the injured tissue relative to the surround-
ing region is important if loads are to be effectively
distributed via multiple tissues in the region. Tissues
must be able to glide over, compress onto, and exert
tension to the attached tissues. This ultimately results
in functional healing.

Maintain the Normal Function
of the Noninjured Tissues

The third intent of treatment is designed to intro-
duce the right dosage of movement and tissue loading
in order to simultaneously maintain tissue health and
reduce disuse atrophy. The dosage is important, and
clinicians always must keep in mind that symptom
reduction in and of itself is not the best indicator of
tissue repair. For example, the degenerated and
painful rotator cuff may become asymptomatic, but its
ability to tolerate loads may not have appreciably
changed. Excessive load to the degenerated asympto-
matic rotator cuff tendon can result in a partial thick-
ness tear increasing to a full thickness tear. A fine line
always exists between too much and too little activity.
A direct relationship exists between the restoration of
microcirculation, the required healing times for
injured or surgically repaired tissues, and the intro-
duction of movement for healing.

Prevent Excessive Stress or Strain
on the Injured Tissues

The final intent of treatment requires an under-
standing of the mechanics of the articulations related to
the shoulder girdle and the requirements of muscle
activity during functional activities. Clinicians can
design exercise programs or apply manual techniques
safely and without compromise to the injured region
only when those interventions are based on a complete
understanding of the anatomy and biomechanics of the
region. For example, when any exercise is being per-
formed, the clinician should be able to clearly visualize:

● When the acromioclavicular joint is placed at its
endrange

● When the supraspinatus tendon is simultaneously
loaded in compression and tension
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● What position of the glenohumeral joint places the
greatest tension to the anterior-inferior gleno-
humeral ligament

● What motions of the upper extremity place the
greatest stress to the long head of the biceps tendon

● What position of the shoulder puts the greatest
stress to a subacromial region that has recently been
surgically debrided

● What exercises place the greatest degree of fric-
tional loading on a recently repaired anterior gle-
noid labrum

● What sleeping postures stress an inflamed and irri-
tated glenohumeral joint capsule

These types of joint and tissue specific analyses con-
tinually guide the clinician’s treatment approach, espe-
cially regarding development of the exercise
prescription. While it is important to guide the patient
through a painful range of motion without further exac-
erbation of symptoms, it cannot be done at the expense
of placing excessive stress on the injured tissues.

PRIMARY INFLUENCES ON THE
PAIN RESPONSE

When considering the wide range of clinical pre-
sentations possible in patients with shoulder girdle dis-
orders, two theoretical questions should be considered
in order to better appreciate the complexity of the
pain response:

1. Can pain exist without inflammation?
2. Can inflammation exist without pain?

Theoretically, both scenarios have the potential to
exist. Pain without inflammation might best be inter-
preted as mechanical pain, that is, stimulation of the
mechanoreceptor nerve endings when endranges of
motion result in tissue distortion great enough to result
in depolarization of the afferent nerve endings with-
out tissue damage. When the excessive force or motion
is removed, the discomfort decreases or is diminished.

It is reasonable to assume that the answer to the
second question is also “yes” because, again, we
must take into account the depolarization threshold
of the nociceptive system, this time chemically
instead of mechanically. High depolarization thresh-
old refers to the necessity of a larger stimulus being
required for axonal discharge, while a low threshold
requires less or little stimulus for axonal depolariza-
tion. The threshold is reached because of sufficient

chemical activation of the nociceptive system. In
many patients with shoulder disorders, one often
hears of a “pre-pain continuum” during the history,
which begins with stiffness and movement com-
plaints, after which an appreciation of pain occurs
at a later time.

Pain is also influenced by emotions and the individ-
ual’s behavioral responses to his surrounding environ-
ment. Factors such as family stress and job stress and
emotional states including fear and depression all con-
tribute to the complexity and uniqueness of the per-
ception of pain, the pain response, and the ultimate
response to treatment. Therefore in planning the
treatment of mechanical disorders of the muscu-
loskeletal system, the clinician should first consider
these three influences on pain:

● Chemoreceptor or biochemical cycle
● Mechanoreceptor cycle
● Emotional or behavioral cycle

The clinician also needs to be cognizant of the var-
ious behavioral and physiological responses that occur
as a result of these three stimuli. Figure 6-1 illustrates
this via the use of a clockwise spin of three cycles:
chemoreceptor, mechanoreceptor, and emotional/
behavioral. Each cycle includes the associated physio-
logical or behavioral changes that occur. Pain percep-
tion is typically due to a contribution from each cycle,
and during the assessment and reassessment processes,
the clinician is always attempting to ascertain which
three cycles are “spinning” to the greatest degree. In
other words, what is the primary stimulus contributing
to the disorder?

Determining which of the three cycles predomi-
nates ultimately influences what interventions will
be applied. For example, pain syndromes that are
thought to be primarily influenced via the chemore-
ceptor cycle are best treated with carefully con-
trolled motion and appropriate rest. Working
through the barrier would most likely exacerbate the
condition, as might the initiation of resistance exer-
cises. Pain that is primarily caused by the
mechanoreceptor cycle has less inflammation and
tissue damage associated with the disorder and can
tolerate more loading to the tissues. Thus it can be
treated with more active approaches such as incor-
porating resistance exercises and more aggressive
joint mobilization and stretching activities. Such
conditions can often be treated into and through the
barrier. When the emotional/behavioral cycle is
the major influence, patient education becomes the
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primary treatment approach. Less hands-on inter-
vention is used because the pain generator has min-
imal mechanical or chemical basis. While all three
cycles contribute to the painful syndrome, the clini-
cian is attempting to determine the hierarchy of
each cycle’s influence and then use the appropriate
treatment techniques indicated to match each cycle
with such a hierarchy.

OBJECTIVES OF TREATMENT

While there are anatomical differences and
unique functional demands for each region of the
musculoskeletal system, four basic objectives of
treatment for orthopedic mechanical disorders exist
that should be considered regardless of the region.
These objectives are:
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Figure 6-1. The injury-degenerative cycle illustrates the factors affecting the perception of pain.
These stimuli can be viewed as three separate “spinning cycles.” They include the chemoreceptor,
mechanoreceptor, and emotional-behavioral cycles. Pain can be related to each individual cycle or to
a combination of the three. Chemoreceptor cycle: The nociceptive effects of fluid stasis and altered bio-
chemistry of the injured region, often noted as morning stiffness by the patient. Mechanoreceptor cycle:
The effects of early onset fatigue and decreased activity, often noted as pain at the end of the day by
the patient. Emotional-behavioral cycle: Shows the influence of psychosocial stressors on the patient.
When viewing these three components as spinning cycles, the clinician attempts to determine which
of the cycles is dominant or the most responsible for the pain perception and therefore should take
precedence in establishing the treatment process. (From Porterfield JA, DeRosa C: Mechanical low back
pain: perspectives in functional anatomy, ed 2, Philadelphia, 1998, WB Saunders.)
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1. Patient education and biomechanical counseling
2. Modulation of pain and the promotion of analge-

sia
3. Application of controlled forces to promote patient

activity
4. Enhancement of neuromuscular health and per-

formance

We will consider each of these objectives in relation
to the development and implementation of treatment
interventions for painful disorders of the shoulder
complex.

Patient Education and
Biomechanical Counseling

Appropriately directing the responsibility of recov-
ery to the patient via education is the key to any suc-
cessful rehabilitation program. It is important to realize
that if a patient is treated in a clinical environment 3
days a week for 1 hour at each visit, the clinician is
interacting with the patient only for a very small per-
centage of the time that the patient is awake and
active. What the patient is doing away from the clinical
environment becomes critical to care management. In
order to obtain the best results from a rehabilitation
program, the patient must understand his injury and
what his own contribution must be to the rehabilitation
process. Establishing reachable, realistic, short- and
long-term goals becomes a very important aspect of
this process since it underscores the significance of the
patient’s involvement in the treatment process.

Patient education needs to include an explanation
of anatomical and biomechanical aspects of the injury
or condition, the rationale for the suggested treatment
program, and the expected outcomes. One very
important aspect of the initial stages of the treatment
process is to assist the patient in understanding the
relationships between the intervention and the
expected outcome. In most cases, the initial outcome
is a decrease in pain and an increase in function, after
which there are more complex outcomes such as the
development of specific neuromotoric skills that can
be set as goals. The latter are especially important in
dealing with the painful shoulder of the patient
returning to sport or industry.

When treating the patient with an acute injury, the
optimal reassessment of the patient has to take place
within the most immediate time period following
treatment. Often the constraints of authorized visits

and insurance limitations influence this, but optimal
care is achieved when the results of treatment for the
acute injury are promptly assessed. A daily reassess-
ment, for example, permits the clinician to substanti-
ate his findings and understanding of the extent of
the injury. Following an initial treatment, the clini-
cian might predict such changes as the extent of pain
relief that the patient should experience, a change in
the referral zone of pain, how easy or difficult it will
be for the patient to sleep that night as a result of
treatment, and the amount of stiffness that the
patient might experience the following morning
upon awakening. When the patient returns to the
clinic on a subsequent visit, the predictions are revis-
ited by both clinician and patient and revised deci-
sions regarding further interventions are made.
Outcome prediction following the subsequent treat-
ment is repeated again, with the result being that the
clinician ultimately can confidently predict the extent
of the injury and the short- and long-term course of
the rehabilitation program. If the clinician has
gained the essential information from the patient his-
tory, clearly understands the ease in which painful
responses can be elicited, and knows how the shoul-
der girdle will be used in work and activities of daily
living, such predictions often can be made with a
high degree of accuracy.

Biomechanical counseling establishes those posi-
tions, movements, and forces that have the potential to
compromise the patient’s shoulder injury in activities
of daily living, work, and sport throughout each phase
of the recovery process. Making correct judgments
and providing clear explanation about the demands
of various activities of daily living on his injury is an
important clinical skill. Decisions regarding the
patient’s gradual progression of activity during reha-
bilitation and the demands associated with return to
work or reactivation into sport must be based on
observation, accurate prediction, and effective plan-
ning. The shoulder complex is involved in almost all
activities of daily living and sport, and therefore keep-
ing the loads under the injury threshold throughout
rehabilitation is important.

In most mechanical shoulder disorders, it is unusual
to progress completely through the rehabilitation
process without some form of exacerbation of the
condition. It could be successfully argued that a mild
increase in symptoms along the rehabilitation contin-
uum is helpful in determining the upper limit of tissue
tolerance as the patient progresses from one stage of
activity to the next. The dialogue established between
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patient and clinician is one of the main factors in the
successful return to painless activity.

There are numerous examples of patient education
and biomechanical counseling that are used to help
the patient manage his shoulder disorder. Many can
be surmised from the mechanics of injury discussed in
Chapters 2, 3, and 4, and additional examples are
included in the case studies in the final section of this
chapter. Several practical examples to share with
patients are listed here in order to relate this objective
of treatment to selected shoulder impairments and
functional limitations:

● Avoid carrying heavy purses or backpacks over one
shoulder when symptoms of brachial plexus
involvement or neural entrapment are present.

● Avoid excessive scapular retraction in the presence
of symptomatic degenerative joint disease of the
acromioclavicular joint.

● Modify rowing exercises in the presence of long
head of the biceps tenosynovitis.

● Avoid any shoulder elevation exercises that leave the
glenohumeral joint in a relatively internally rotated
position.

● Realize the importance of trunk rotation (when
throwing) during the acceleration and deceleration
phases.

● Make sure enough body roll is occurring during the
recovery phase of swimming in order to avoid
abnormal glenohumeral joint motion.

● Realize increased thoracic extension and scapular
retraction occur when carrying out tasks in the
overhead position for extended periods of time.

These examples use the biomechanical knowledge
of shoulder girdle function to provide specific and
individualized advice to a patient regarding protection
of his injury.

Modulation of Pain and the
Promotion of Analgesia

Shoulder pain often is poorly tolerated. Pain toler-
ance is lessened by the inability to assume a comfort-
able position for sleep, the inability to move the
shoulder in activities of daily living without provoking
pain, or the presence of sharp episodes of pain on
simple shoulder movements. Because pain is also a
part of the healing process, it serves as a warning sig-
nal that assists us in making the correct decisions
regarding motions and tissue loading patterns.

Pain modulation interventions are important in
order to begin to reintroduce functional activities at the
earliest possible opportunity. Several different strategies
are available that meet this objective of treatment.
Controlling exuberant inflammation and hence pain is
the primary reason for using medication as a strategy
to meet this objective. This includes nonsteroidal anti-
inflammatory drugs (NSAIDs), steroidal medications,
and corticosteroid injections. In several disorders of
the shoulder, the rapid control of inflammation
brought about by corticosteroid injections is the best
management strategy, as in the case of the rapid
onset subacromial bursitis. Although such a problem
might also be treated with ice and antiinflammatory
medication, an injection of corticosteroid and anal-
gesic into the region provides rapid relief and more
importantly does not allow the glenohumeral joint
to remain immobilized as a result of pain for an
extended period of time. Analgesics used alone in
the treatment of mechanical shoulder disorders are
primarily used for pain modulation without antiin-
flammatory qualities.

The most difficult question here is determining
the length of time to use such a medication and how
to couple its use with the active rehabilitation
process. Monitoring the changing level of pain rep-
resents one of the best guides in directing the pro-
gression toward recovery. Oftentimes medication is
used until the patient can comfortably sleep through
the night.

Avoid muscle relaxants during the active rehabilita-
tion process. They are primarily used to enhance the
patient’s ability to sleep and often may make the
patient groggy. The appropriate resting state of mus-
cle activity helps to control the loads that need to be
attenuated for injured tissues during even the simplest
of movements and postures. Therefore, depending on
the problem, decreasing muscle activity is not always
in the patient’s best interest.

Proper hydration is essential while taking medica-
tions. Fatigue, one of the more common indicators of
dehydration, is most often seen as a side effect when
patients are taking medication and needs to be moni-
tored by the clinician.

Thermal and electrical modalities administered to
the injured region of the shoulder in the most com-
fortable position can often be coupled with manual
techniques to stimulate fluid dynamics and help
decrease pain as a result of alteration of the chemical
environment associated with the injured tissue. Ice
applied to the shoulder in the form of ice massage,
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coupled with soft tissue and joint mobilization tech-
niques, also produces advantageous results.

Application of Controlled Forces
to Promote Patient Activity

The objective of applying controlled forces refers to
the clinician’s ability to introduce motions in such a
way that active movements by the patient are subse-
quently encouraged. There are numerous ways in
which controlled forces can be effectively used in the
management of mechanical disorders of the shoulder.
Table 6-1 lists active, manual, and mechanical treat-
ment techniques that are often used in this objective of
treatment. Although many different explanations have
been made regarding the effects of these techniques,
we believe that the physiological outcomes of all of
the techniques are remarkably similar and can be
distilled to a combination of the following:

● Stimulation of fluid dynamics. As previously mentioned,
stasis results in an altered biochemical environment
associated with the region of injury and this chemical
environment activates the nociceptive system. Active
motion and some of the passive motion techniques
help move tissue fluid along a gradient, thus altering
the chemical milieu associated with injured tissue.

● Increasing afferent input into the central nervous system.
Many of the manual and active techniques provide
mechanoreceptor input into the central nervous sys-
tem, which has a twofold reflexive effect.

● Enhanced modulation of pain. Many of the joint and
soft tissue techniques have sufficient mechanorecep-
tor stimulation to help modulate the afferent pain
impulse emanating from the injured region at the
central nervous system level; this is especially

important when dealing with the exquisitely painful
glenohumeral joint capsule.

● Modulation of the resting state of muscle contraction. Many
of these techniques are effective in decreasing mus-
cle spasm and guarding through the reflex connec-
tions associated with mechanoreceptor input.

● Modification of connective tissue. This is especially
important when considering rehabilitation follow-
ing surgery; recently injured or surgically repaired
connective tissues respond to applied forces by stim-
ulation of new fibroblast formation and realign-
ment of collagen fibril orientation.

The total endrange time or time that the joint is
held at the end of its available range becomes an
important consideration because it is this parameter
that has the most significant effect on the modulation
of connective tissue length.7,15

Soft tissue techniques (Figure 6-2) and joint mobi-
lization techniques (Figure 6-3) are often used to man-
age pain and inflammation and can be obstacles to
active movement. As noted in Chapter 4, various
accessory joint mobilizations are designed to improve
general joint mobility. Do not think of them as
increasing one particular physiological motion over
another. The longer the time frame of the injury, how-
ever, or the more the healing scar proliferates, the
greater the cross linking of the collagen fibrils. Thus at
some point there is a reduced ability to actually mod-
ify connective tissues through any mobilization or
stretching techniques.

Oftentimes manual treatment of the upper quarter
has physiological effects on the surrounding area as
well, most likely because of the increased afferent
input afforded by the stimulation of the joint, muscle,
tendon, and skin mechanoreceptors. Therefore treat-
ment often is directed to the primary region of
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Table 6-1. Application of Controlled Forces to Promote Patient Activity

Passive Manual Techniques Mechanical Interventions Active Techniques
Glenohumeral joint mobilization Shoulder slings Active range of motion
Scapulothoracic mobilization Shoulder taping Muscle energy techniques
Acromioclavicular and sternoclavicular Shoulder abduction splints Proprioceptive neuromuscular facilitation

joint mobilization Isometric stabilization
Soft tissue mobilization
Physiological joint and muscle stretching
Cross friction massage
Effleurage
Acupressure
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Figure 6-2. A-D, Although soft tissue techniques can be used over any area of the shoulder girdle,
the tissue techniques are primarily used over the scapulothoracic articulation. In these examples the
scapula is passively moved by the examiner along all available planes of motion. E, The sequence
moves clockwise. (From Porterfield JA, DeRosa C: Mechanical neck pain: perspectives in functional anatomy,
Philadelphia, 1995, WB Saunders.)
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involvement, as well as associated regions. For exam-
ple, internal derangement within the glenohumeral
joint, such as seen in a torn glenoid labrum, may initi-
ate protective guarding (spasm) and pain throughout
the upper quarter. This, in turn, results in cervical
spine discomfort, scapulothoracic complaints, and
headaches, perhaps as the result of abnormal and
excessive spine and scapula muscle activity.

Finally, splints and taping of the various shoulder
articulations often are used in an attempt to control
how forces reach the region and therefore such inter-
ventions also fall under this objective of treatment.
Abduction splints are especially important in some
surgical repairs because the positioning of the arm
with such splints minimizes the chances that adhesive
capsulitis will develop. Taping of the anterior aspect of
the glenohumeral joint in the case of chronic anterior
subluxation is another such intervention.

The following examples illustrate how this objective
of treatment is used in selected shoulder disorders:

● Passive stretching to increase glenohumeral external
rotation in order to allow the patient to avoid sub-
acromial compression when raising the arm over-
head

● Small and controlled translations of the humeral
head on the glenoid using very specific handholds to

treat the patient with a humeral shaft fracture in
order to help maintain some degree of capsular
mobility and avoid secondary adhesive capsulitis

● Use of a sling to support the upper extremity in
order to counter the gravitation pull to the scapula
on the clavicle in the recently injured acromioclav-
icular joint

● Cross friction to the infraspinatus tendon to help
mobilize the connective tissue and also induce a
hyperemic response in the mildly involved case of
infraspinatus tendonitis

● Glenohumeral joint mobilization using an inferior
glide translation “stretch” to help decompress the
subacromial space and allow for active overhead
movement to be initiated

● Use of rhythmic internal and external rotation oscil-
lations in order to treat the acutely painful capsulitis

● Manual stretching of the pectoralis major and
minor to decrease the shoulder protraction position
and minimize subacromial compression

● Use of a shoulder wand or L bar to introduce active
assistive motion in the shoulder that has been
recently surgically repaired

● Codman’s exercises to apply passive range-of-
motion techniques to the glenohumeral joint, which
allows gravity to decompress the loading between
the humeral head and the glenoid
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BA
Figure 6-3. General mobility of the glenohumeral joint can be encouraged with the use of passive
physiological motion in conjunction with various translations of the humeral head on the glenoid.
Shown in this example are anterior, A, and posterior glides, B, of the humerus on the glenoid, use-
ful as a supplemental technique to help restore or improve general joint mobility. During these acces-
sory motion techniques, one must be cognizant of the joint plane and then be certain that movement
of the two bones relative to one another remains parallel to this joint plane.
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Enhancement of Neuromuscular
Health and Performance

The rehabilitation process shifts toward resisted
exercise once motion has been restored, the patient is
sleeping through the night and waking up without
excessive stiffness or soreness (one of the best indica-
tors of an inflammatory condition), the time of pain
relief from treatment is lengthening, and the inten-
sity of pain has been lessened. Injuries to the con-
nective tissues associated with the articulations of the
shoulder girdle result in a loss of stability. Because
connective tissues repair rather than regenerate,
restoration of stability will not come from the con-
nective tissue contribution but instead from
enhanced neuromuscular control. Therefore this
objective is very important.

Several definitions are important to understand. An
operating definition of strength indicates that the
recruitment of motor units allows the muscle to gen-
erate sufficient tension to overcome a given load or
resistance. Power refers to the amount of force that can
be generated over a unit of time, whereas endurance is
the ability of the neuromuscular system to sustain a
given force or repeated contractions. Coordination, the
most complex of motor functions, is the integration of
cortical, subcortical, and spinal cord levels of control
with the receptor system associated with the joints and
soft tissues. Coordination also includes the motor
planning that actually precedes the activity. Exercise
programs designed around the enhancement of neu-
romuscular health and performance need to include
these parameters.

Use of poor exercise technique can result in further
injury, oftentimes compounding the original injury. It
is very important then that the clinician is able to
assess the biomechanics of each exercise, especially as
resistance or repetitions are increased, and successfully
match these mechanics to the positions and move-
ments that have been altered as a result of the injury
or degeneration. The successful clinician visualizes the
anatomy of the shoulder girdle, spine, and trunk in
three dimensions during movement and then assesses
the structural and load-bearing changes imparted to
the joint structures and related tissues. This knowledge
permits the clinician to customize the strengthening
program to meet the needs of each patient. The goal
is to develop resisted movement patterns that appro-
priately load each tissue within the shoulder complex
without injury. Such treatments are based on the
following concepts:

● Movement enhances healing.
● Movement against resistance can enhance connec-

tive tissue strength and muscle strength.
● Greater overload applied causes greater tension

generating demands of the muscle and thus the
potential for muscle hypertrophy.

● Resistance coupled with repetition leads to neuro-
motoric changes and motor learning.

The challenge is to effectively teach the patient how
to exercise against resistance using proper biomechan-
ics until a change in the quality of the motion occurs
and proper form is lost. The patient must develop the
ability to move the humerus irrespective of the scapula,
scapula irrespective of the humerus, and both in con-
cert with the trunk. Fatigue of any one aspect of the
shoulder girdle mechanism can result in movement
substitution and thus the loss of the targeted training
stimulus. Strict form is essential, and the clinician must
continually monitor trunk, cervicothoracic, scapu-
lothoracic, and upper extremity move-ments and posi-
tioning until the patient gains the necessary awareness
of the proper mechanics for the exercise.

The goal of weight training is to increase and
improve all aspects of the neuromuscular system,
including strength, power, and endurance without
injury. The challenge to both clinician and patient is to
learn proper technique in order that controlled, non-
injurious, resisted movement can be consistently car-
ried out. To accomplish these goals, a process must be
developed and adhered to at the beginning of exer-
cise. We recommend the following training process:

1. Establish the range of motion. Start with a small
range of motion and gradually increase the range
of motion to points just short of compromising
tissue stress.

2. Establish the speed of motion. The emphasis is to
learn to move in a smooth, rhythmical, and con-
trolled fashion without excessive pauses at either
end of the range of motion or ballistic quick starts
to the motion.

3. Complete the motion. Include as many of the
articulations of the shoulder girdle and trunk as
possible while maintaining control of the loads as
they pass into and through the injury. For example,
in the seated row exercise, the motion can begin
with simple humeral movement, progress to
include scapular protraction and retraction, and
then continue to include the entire coordinated
motion of the trunk and shoulder girdle, which
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adds spinal flexion and resisted spinal extension to
the complete exercise. Starting with a simple
humeral extension and ending with compound
trunk and shoulder girdle motion is most desirable.
Note how the most comprehensive approach to
training the shoulder girdle involves monitoring the
activity of the muscles of the abdominal wall and
extensors of the trunk.

4. Monitor substitution of motion. Once range of
motion is established, the speed is constant, and
compound movements have been integrated, the
next step is to recognize the subtle signs of fatigue
or what is referred to as “repetitions to substitu-
tion.” Fatigue can be defined as performing consis-
tent movement patterns against resistance until
change in speed and/or range of motion is real-
ized. Fatigue can take place in any represented part
of the motion and over any articulation of the
shoulder girdle. For example, during one exercise
session, the first muscle group to fatigue may be
the scapular retractors and those muscles responsi-
ble for controlling the scapula. The patient recog-
nizes the gradual changes in the position of his
scapula as it completes its excursion over the tho-
rax. In a subsequent exercise session the fatigue
may not be in the scapula retractors but instead in
prime movers associated with glenohumeral
motion. “Clinical” fatigue is a change of speed or
change in motion that alters the loading patterns of
each involved tissue. Again, the role of the abdom-
inal wall cannot be overemphasized.

Once the patient is appropriately instructed and
involved in strengthening in this manner, the coordi-
nation or control of weight bearing will be accom-
plished, and each repetition and set of resisted
exercises will appropriately stimulate the tissues. We
feel that in a therapeutic condition, it is a mistake to
develop the exercise prescription that states “do 3 sets
of 10 repetitions.” One day 10 repetitions might be
excessive for the tissue, resulting in injury, whereas the
next day 10 repetitions may be more easily tolerated
and the training effect not even realized. This is espe-
cially important in the rehabilitation of the shoulder
because it is very easy to overstress the rotator cuff
tendons.

Once the patient comprehends this four-step
process, the chances of reinjury decrease markedly.
The exercise prescription is then further developed to
meet specific training needs. The question becomes,
“To what sport or activity of daily living is the patient

attempting to return?” Understanding the goal is obvi-
ously a major component in determining the intensity,
frequency, and duration of the rehabilitation process.
Designing the rehabilitation to fit the task is ultimately
the goal that we need to progress toward, closely repli-
cating the movements and forces that mimic the activ-
ity to which the patient expects to return. Effective
strength training will result in neural and musculofas-
cial changes.13,23

THE EXERCISE SECTION

A unique aspect of this text is marked by the inclu-
sion of a comprehensive series of exercises that can be
selected for many of the mechanical shoulder condi-
tions that we have discussed. The sequence of exer-
cises also includes clinical commentary regarding
essential considerations for positioning, in addition to
positions or movements that have the potential to
compromise a particular tissue or structure. This “set”
of exercises is meant to serve as a “palette” from
which the clinician can make selections based on
desired outcome.

The exercise section provides an array of exercises
designed to improve the strength, power, and
endurance of the global and local muscles associated
with the shoulder girdle. The reader is encouraged to
revisit Chapter 3 to understand where different mus-
cle fiber crossing relationships occur because these
often represent foci for resistance exercises. Such
crossing relationships exist between the following:

● Latissimus dorsi and serratus anterior
● Latissimus dorsi and gluteus maximus
● Serratus anterior and abdominal wall bilaterally
● Trapezius and rhomboids
● Pectoralis major bilaterally
● Long head of the triceps and the teres major and

infraspinatus
● Coracobrachialis or short head of the biceps brachii

and the subscapularis

These regions of muscle crossing, with each other
or as a result of the muscle fiber direction when the
muscles are considered bilaterally, are a focus for
strengthening exercises. This type of training comple-
ments and enhances specific, localized strengthening,
such as isolated rotator cuff strengthening. Isolated
strengthening is an excellent point at which to intro-
duce resistance exercises, but it is necessary for each of
the shoulder girdle articulations to work in concert
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with the trunk and spine in order to optimize upper
quarter function. Therefore the exercise section that
follows illustrates therapeutic exercises essential for
scapulothoracic, trunk, and spinal stability or motion,
as well as those that cross the glenohumeral joint.
Appropriately strengthening the tissues at the apex of
these relationships enhances the ability to stabilize the
trunk and neuromuscularly “link” the extremities.

Closely examine the starting, midrange, and finish-
ing positions for each of the exercises presented.
Whereas one clinician may look at a particular exer-
cise and recognize its utility for a specific clinical prob-
lem, another may see the same exercise and consider
it useful for a markedly different problem. Many times
exercises are categorized according to muscle groups
(e.g., exercises for the anterior deltoid, exercises for the
pectoralis major, exercises for the rhomboids). The
reader will appreciate after reviewing Chapters 2, 3,
and 4 that no muscle group works in isolation regard-
less of the exercise. Trunk, spine, scapula, and
humeral muscles are all required to serve as stabilizers
or prime movers or contribute muscle forces, which
cancel the unwanted motions that the prime mover
would introduce to the desired movement pattern as a
result of its muscle fiber orientation.

We have organized this section to serve the clinician
seeking strengthening strategies for his patients and to
illustrate exercises considered essential for general
conditioning of the upper quarter. The exercises
appear in the following order:

● Exercises 1 through 7. An excellent group of exercises
that the clinician incorporates for the patient in the
prone position to strengthen the scapular retractors

and those muscles of the glenohumeral joint associ-
ated with pushing, pulling, and moving the arm
overhead.

● Exercises 8 through 11. Seated resistance exercises for
the prime movers and scapular and trunk stabilizers
involved with arm elevation.

● Exercises 12 through 15. Rowing exercises from differ-
ent positions are some of the most useful exercises
for strengthening the shoulder extensors, scapular
retractors, and spine extensors.

● Exercises 16 through 18. The pull-downs and assisted
pull-ups are powerful exercises for the latissimus
dorsi, teres major, and the downward rotators of the
scapula, such as the rhomboids.

● Exercises 19 through 35. Functional strengthening
exercises include the variations of the standing row
and pulling exercises. These exercises combine the
stimulus of stabilization via the lower extremities
with trunk and shoulder girdle movement.
Depending on the instructions given by the clini-
cian, these exercises can exert a training effect to the
spinal extensors, abdominal muscles, and scapu-
lothoracic and glenohumeral muscles.

● Exercise 36. The classic dumbbell curl.
● Exercises 37 through 45. Pushing exercises are essential

for training the muscles of the anterior chest wall,
the shoulder protractors, the abdominal muscles,
and, with the arms beginning in the overhead posi-
tion, the glenohumeral extensors.

● Exercises 46 through 48. Exercises emphasizing sen-
sorimotor integration, quickness, and speed of
movement.
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Beginning Position: Lie in a
comfortable prone position with a
light weight in hand. The table
height permits complete scapular
protraction without weight touch-
ing the floor. Retract scapula while
the arm remains straight.
Focus: Isolated and complete
scapular retraction.
Sequence: A, B, A, B, A.

Exercise 1—Prone Lying Scapular Retraction

BA

Exercise 2—Prone Lying Humeral Extension and Scapular
Retraction With Elbow Flexion

Beginning Position: Lie in a comfortable prone position with a light weight in hand. The table
height permits complete scapular protraction without weight touching the floor. Extend humerus
while flexing elbow and then retract the scapula. Perform one or more scapular retractions before
returning to the starting position.
Focus: Complete scapular retraction.
Sequence: A, B, C, B, C, B, A.

B CA
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Exercise 3—Prone Lying Humeral Abduction

Beginning Position: Lie in a comfortable prone position with a light weight in hand. The table
height permits complete scapular protraction without weight touching the floor. Abduct and
externally rotate the humerus to horizontal position and then retract the scapula. Perform one or
more scapular retractions before returning to the starting position.
Focus: Complete scapular retraction and external rotation of the humerus.
Sequence: A, B, C, D, C, D, C, B, A.

C

B

D

A
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Exercise 4—Prone Lying Forward Humeral Elevation

Beginning Position: Lie in a comfortable prone position with a light weight in hand. The table
height permits complete scapular protraction without weight touching the floor. Forward elevate
and externally rotate the humerus with final scapular upward rotation and retraction.
Focus: Complete scapular upward rotation.
Sequence: A, B, C, B, A.

B

C

A
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Exercise 5—Prone Lying Resisted Scaption

Beginning Position: Lie in a fully supported position on a table high enough that the arms can
hang down freely. Flex, abduct, and externally rotate the humerus to the horizontal position.
Hold arm position isometrically, pause, and then perform a few complete repetitions of scapular
retraction and humeral external rotation. Pause and reverse.
Focus: Externally rotating the humerus and the quality of scapular motion.
Sequence: A, B, C, D, C, D, B, A.

C

B

D

A
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Exercise 6—Prone Lying Humeral Extension With Internal Rotation

Beginning Position: Lie in a comfortable prone position with a light weight in hand. The table
height permits complete scapular protraction without weight touching the floor. Extend and
slightly internally rotate humerus to the horizontal position, and then retract the scapula. Perform
one or more scapular retractions before returning to the starting position.
Focus: Complete scapular retraction.
Sequence: A, B, C, D, C, D, C, B, A.

C

B

D

A

W9272-06.qxd  8/20/03  7:13 PM  Page 179



180

Exercise 7—Prone Lying Humeral Extension With External Rotation

Beginning Position: Lie in a comfortable prone position with a light weight in hand. The table
height permits complete scapular protraction without weight touching the floor. Extend while
externally rotating the humerus. Pause and retract the scapula. Perform one or more scapular
retractions before returning to the starting position.
Focus: Complete scapular retraction.
Sequence: A, B, C, D, C, D, B, A.

C

B

D

A
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Beginning Position: Sit up
straight with a dumbbell in each
hand; scapulae are fully depressed.
Elevate and retract scapulae, keep-
ing arms straight. Pause and
reverse.
Focus: Isolating the motion to
the scapulae, and the last portion
of scapular elevation and retrac-
tion (up and back, squeeze).
Sequence: A, B, A.

Exercise 8—Seated Scapular Elevation and Retraction With Dumbbells

BA

Exercise 9—Seated Humeral Forward Elevation

Beginning Position: Sit up straight with a dumbbell in each hand. Forward elevate and exter-
nally rotate the humerus in the scapular plane until weights are overhead. Vary planes of motion
from straight abduction to humeral flexion.
Focus: External rotation of humerus during humeral forward elevation.
Sequence: A, B, C, B, A.

B CA
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Exercise 10—Seated Forward Elevation and Upward
Rotation of the Scapula

Beginning Position: Sit up straight with a dumbbell in each
hand. Flex elbows and abduct humerus in scapular plane; push
dumbbells overhead. Keep forearms in a neutral position. Push the
front of the dumbbell up in a curvilinear motion, rotating the
scapulae upward as high as possible (squeeze). Pause and retract
scapulae, keeping arms straight. Repeat a number of times, then
return arms to the starting position.
Focus: Isolating the movement to the scapulae and completing the
range in forward elevation. The focal point is the interior angle of
the scapulae.
Sequence: A, B, C, D, C, D, C, B, A.

B

C

A

D
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Beginning Position: Sit up
straight with a dumbbell in each
hand; scapulae are fully depressed.
Elevate and retract scapulae; ab-
duct and slightly externally rotate
the humerus. Squeeze, pause, and
reverse.
Focus: Slight external rotation of
the humerus after full scapular
elevation (up and back, squeeze,
pause, reverse).
Sequence: A, B, A.

Exercise 11—Seated Scapular Elevation and Retraction With Humeral
Abduction and External Rotation Using Dumbbells

BA

Exercise 12—Single-Armed Dumbbell Row

Beginning Position: Place one knee and ipsilateral arm on bench with other foot on the floor,
and place dumbbell in the other hand with the left scapula fully protracted. Flex elbow, extend
humerus, retract the scapula, and slightly rotate trunk. Make sure to maintain the midrange posi-
tion of the contralateral scapula and lumbar spine.
Focus: Full scapular retraction.
Sequence: A, B, A.

BA
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Exercise 13—Seated Row, High Range With No Spinal Motion

C

Beginning Position: Sit up straight with scapulae fully protracted. Extend the humerus and
retract the scapulae (do not extend lumbar spine past the neutral position). Pull cable to eye level.
Pause and reverse.
Focus: The last portion of scapular retraction.
Sequence: A, B, C, B, A.

BA
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Exercise 14—Seated Row, Midrange With Trunk Flexed

Beginning Position: Sit and bend forward with spine flexed and scapulae fully protracted.
Slightly extend the head, pull the humerus and scapulae back, sit up straight (do not extend the
lumbar spine past the neutral position), and retract (squeeze) both scapulae. Pull cable to lower
rib cage. Pause and reverse.
Focus: The last portion of scapular retraction.
Sequence: A, B, C, D, C, B, A or E, F, E.

B

A

E

D

C

F
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Exercise 15—Seated Row, High Range With Trunk Flexed

Beginning Position: Sit and bend forward with spine flexed and scapulae fully protracted.
Slightly extend the head and neck, extend the humerus, retract the scapulae, and extend the spine
to the neutral position (do not extend the lumbar spine past the neutral position). Pull cable high
to eye level. Pause and reverse.
Focus: The last portion of scapular retraction (squeeze).
Sequence: A, B, C, B, A.

B

C

A
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Exercise 16—Latissimus Dorsi Pull-Down, Wide Grip

Beginning Position: Sit up straight and use wide grip; stabilize thighs under pad. Lean back
and pull cable down to mid-chest. Pause and reverse.
Focus: Pulling bar down in front, and scapular depression and retraction.
Sequence: A, B, C, B, A or D, E, D.

B
C

A

ED
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Exercise 17—Latissimus Dorsi Pull-Down, Narrow Grip

C

B

D

Beginning Position: Sit
up straight and use narrow
grip; stabilize thighs under
pad. Lean back and pull
cable down to mid-chest.
Pause and reverse. NOTE:
Compared with the wide
grip lat pull-down, this posi-
tion and movement can pro-
duce more force and may
need more resistance.
Focus: Pulling handle
down in front, and scapular
depression and retraction.
Sequence: A, B, C, D, C,
B, A.

A
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Exercise 18—Pull-Up, Gravity Assisted

Beginning Position: Stand on platform. Flex, abduct, and externally rotate humerus, and
grasp bar. Extend and adduct humerus, and downwardly rotate the scapulae. NOTE: This exer-
cise requires specialized equipment that permits adjustment to counterbalance (minimize) body
weight.
Focus: Complete coordinated, smooth motion.
Sequence: A, B, C, B, A.

B

C

A
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Exercise 19—Standing High Row, Midrange

Beginning Position: Stand with one foot forward and both scapulae fully protracted and ele-
vated. Slightly flex trunk. Pull cable down to the zyphoid process of the sternum while transfer-
ring weight to back foot and retract the scapulae. Pause and slowly reverse. Do not extend the
lumbar spine.
Focus: Retraction and downward rotation of the scapulae.
Sequence: A, B, C, D, C, B, A.

C

B

D

A
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Exercise 20—Standing High Row, Low Range

Beginning Position: Stand with foot forward and scapulae fully protracted and elevated. Pull
cable down to mid-thighs while transferring weight to back foot, pull rib cage slightly down
toward the top of the pelvis (crunch), and extend humerus and retract scapulae.
Focus: Slight trunk flexion (crunch) and scapular retraction at the end.
Sequence: A, B, C, D, C, B, A.
OR
Focus: Emphasize scapular depression and trunk flexion.
Sequence: A, B, C, E, F, C, B, A.

B CA

E FD
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Exercise 21—Standing Two-Handed Diagonal High Row

Beginning Position: Stand facing pulley, then turn left to a 90-degree angle from the pulley.
Reach up across with both hands (note hand placement) and pull cable down and across. NOTE:
The motion is an 80% push with the top (right) hand and a 20% pull with the bottom (left) hand.
Use varying degrees of motion. Slow down and even stop a few times during the eccentrics to
enhance the training effect.
Focus: Smooth and controlled weight transfer passing from the closest foot to the pulley to the
back foot while flexing and slightly rotating the trunk with full scapular protraction.
Sequence: A, B, C, D, C, B, A.

C

A

D

B
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Exercise 22—Standing One-Armed Diagonal High Row
With External Rotation

Beginning Position: Stand facing pulley, then turn left to a 90-degree angle from the pulley.
Reach up across with scapula fully protracted and upwardly rotated. Pull cable down, high to low,
extending and externally rotating the humerus while retracting and depressing the scapula and
rotating the trunk. Use varying degrees of motion.
Focus: Smooth and controlled weight transfer, and scapular retraction and trunk rotation at the end.
Sequence: A, B, C, B, A.

B CA

Exercise 23—Standing Mid-Row, Midrange

Beginning Position: Stand with one foot forward and both scapulae fully protracted. Pull the
cable straight back to belt line while transferring weight to back foot. Pause and reverse.
Focus: Full scapular retraction (squeeze).
Sequence: A, B, C, B, A.

B CA
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Exercise 24—Standing Mid-Row, High Range

Beginning Position: Stand with one foot forward and both scapulae fully protracted. Pull the
cable back and up to chin level, and squeeze the scapulae together. Pause and reverse.
Focus: The smoothness of scapular motion and the tight squeeze at the end of the motion.
Sequence: A, B, C, D, C, B, A.

B

C D

A
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Exercise 25—Standing Mid-Row, Low Range

D

Beginning Position: Stand with one foot slightly forward and scapulae fully protracted. Arms are
straight. While transferring weight from the front foot to the back foot, pull the cable to mid-thighs
by extending and depressing the humerus and flexing the trunk (crunch) at the end.
Focus: Humeral depression and crunch at the end.
Sequence: A, B, C, D, C, B, A.

B

C

A
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Exercise 26—Standing One-Armed Mid-Row, Midrange With
External Rotation

Beginning Position: Stand facing pulley, then turn left to a 90-degree angle
from the pulley. Reach across body with scapula fully protracted. Pull cable
straight across, extending and externally rotating the humerus, retracting the
scapula, and slightly rotating the trunk. Use varying degrees of humeral motion
and trunk flexion.
Focus: Smooth and controlled weight transfer, and humeral external rotation
and scapular retraction.
Sequence: A, B, C, B, A.

BA

C
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Exercise 27—Standing One-Armed Diagonal Mid-Row With
Increased Trunk Motion

C

Beginning Position: Stand facing pulley, then turn to a 90-degree angle from the pul-
ley. Bend forward, side bend to the right, slightly rotate trunk to the right, and transfer
weight to the right foot with scapula fully protracted. Pull up and out, transferring weight
from the right foot to the left foot and extending, abducting, and externally rotating the
humerus while at the same time retracting the scapula. Pause and protract the scapula
forward (lunge). Use varying degrees of motion.
Focus: Smooth and controlled weight transfer, and scapular retraction, stabilization, and
protraction at the end.
Sequence: A, B, C, B, A.

BA
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Exercise 28—Standing One-Armed Punch

Beginning Position: Stand facing away from pulley with one foot (left) forward, humerus
extended, elbow fully flexed, scapula fully retracted, and trunk rotated to the right. Transfer
weight forward onto the front foot while performing a horizontal punch. Pause, then perform a
few repetitions of scapular protraction before returning to the starting position.
Focus: Smooth and controlled weight transfer and complete scapular protraction at endrange.
Sequence: A, B, C, D, C, B, A.

C

B

D

A
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Exercise 29—Standing Low Row, High Range

Beginning Position: Stand with one foot forward and flex knee, hip, and lumbar and cervical
spine. Slightly extend the head, extend and abduct the humerus, retract and elevate the scapula,
and pull cable to the middle of the eyes. Pause and reverse; return to starting position with
smooth and controlled motion.
Focus: Spinal extension and smooth weight transfer.
Sequence: A, B, C, D, E, D, C, B, A.

D

C

E

A B
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Exercise 30—Standing Low Row, Midrange

Beginning Position: Stand with one foot forward, slightly flex spine, and fully protract scapula.
Slightly extend the spine, transfer weight to back foot, and retract the scapula while pulling cable
to the belt line.
Focus: Transfer weight to back foot without extending the lumbar spine past the neutral posi-
tion and complete scapular retraction.
Sequence: A, B, C, D, C, B, A.

C

B

D

A
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Exercise 31—Standing Low Row, Scapular Elevation

Beginning Position: Stand with neck and thoracic spine slightly flexed and scapulae fully pro-
tracted, depressed, and downwardly rotated. Pull scapulae straight up and back. Pause and
reverse. Permit elbows to flex only slightly.
Focus: Elevating and retracting the scapulae.
Sequence: A, B, A.
OR
Beginning Position: Stand with neck and thoracic spine slightly flexed and scapula fully
depressed and downwardly rotated. Pull scapulae up, flex elbows, and bring hands to the chin.
Pause and reverse. Abduct while extending the humerus.
Focus: Elevating and retracting the scapulae by emphasizing the final scapular “pinch.”
Sequence: A, B, C, D, C, B, A.

C

B

D

A
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Exercise 32—Standing One-Armed Diagonal Low Row

Beginning Position: Stand facing pulley, then turn left to a 90-degree angle from the pulley.
Flex and slightly rotate trunk to the right with scapula fully protracted. Pull cable up, low to high,
extending and externally rotating the humerus, retracting and elevating the scapula, and rotating
the trunk. Use varying degrees of motion.
Focus: Smooth and controlled weight transfer, trunk rotation, and scapular elevation and retrac-
tion at the end.
Sequence: A, B, C, B, A.

B CA

Exercise 33—Standing Humeral Abduction, External Rotation

Beginning Position: Stand with one foot in front and dumbbell in
each hand, stabilize the trunk, and rotate humerus internally.
Forward elevate and externally rotate the humerus and retract the
scapulae. Begin moving in the scaption plane. Pause and return to
the starting position, making sure to internally rotate the humerus
and touch the ends of the dumbbell. Vary the plane of motion.
Focus: Scapular elevation and retraction and humeral rotation.
Sequence: A, B, A.

BA
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Exercise 34—Standing Diagonal Low Row, Bilateral

Beginning Position: Stand in the middle and slightly back between two low pulleys.
Slightly flex trunk, cross arms, and grasp opposite handles. Slightly extend trunk and
abduct and externally rotate the humerus. Retract and elevate the scapulae. Be careful not
to extend lumbar spine beyond the neutral position.
Focus: Coordinated, smooth movement and complete scapular elevation and retraction.
Sequence: A, B, C, B, A.

B

C

A
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Exercise 35—Seated Diagonal Low Row, Bilateral

Beginning Position: Sit on a chair or inflated ball between two low pulleys. Stabilize trunk and
equalize weight between the pelvis and feet. Cross arms and grasp opposite handles. Abduct and
externally rotate the humerus and retract and elevate the scapulae. Pause. Be careful not to
extend lumbar spine beyond the neutral position.
Focus: Coordinated, smooth movement and complete scapular elevation and retraction.
Sequence: A, B, A.

BA

Exercise 36—Seated Dumbbell Curls

Beginning Position: Sit on the edge of the bench or chair, one foot forward and the other
back. Shift weight forward over feet, dumbbell in each hand and elbows straight with wrists
pronated. Supinate and flex one elbow. As you lower arm, begin to flex the other arm. Learn to
develop a smooth (no pause) movement.
Focus: Sustain trunk and scapular position.
Sequence: A, B, A, B.

BA
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Exercise 37—Supine Flys

Beginning Position: Lie on a narrow bench with feet comfortably placed either on the floor
or up on the bench. With a dumbbell in each hand, slowly lower the weight as the elbows flex
and the humerus abducts to horizontal position. Push up while externally rotating the humerus
and supinating the forearm slowly until the bottoms of the dumbbells touch. Pause and slowly
return to the horizontal position.
Focus: Rotary motion required to touch the bottoms of the dumbbells. Do not go down beyond
the horizontal position.
Sequence: A, B, C, B, C, B, A.

B CA

Exercise 38—Inclined Bench Press

Beginning Position: Lie on an inclined bench, holding a barbell across the chest. Push straight
up and forward, making sure that the humerus tracks in midrange and the scapulae are com-
pletely protracted. Pause and return to the horizontal position. Be cautious when extending the
humerus below the horizontal position.
Focus: Complete scapular motion and full but safe range of humeral motion.
Sequence: A, B, A.

BA

205
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Exercise 39—Diagonal Push-Ups

Beginning Position: Stand and lean on a high countertop or the wall. Start with scapulae fully
protracted. Keep arms straight and fully retract and protract scapulae. Pause at the endrange.
Focus: Complete protraction.
Sequence: A, B, C, B, A.

B CA

Beginning Position: Use a medicine ball and assume a
push-up position. Accomplish three movements: A, with
arms straight, protract and retract scapulae, B, slowly flex
the elbows, lowering the chest toward the ball, and C,
push up, making sure to fully protract the scapulae.
Focus: Movement of the scapulae around the rib cage.
Sequence: A, B, C

Exercise 40—Push-Ups
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Exercise 41—Supine Lying Resisted Humeral Extension

Beginning Position: Lie on a narrow bench with feet comfortably placed either on the floor
or up on the bench with arms extended and holding a weight. Slowly permit the weight to fall
back overhead. Take the weight to the desired endrange of motion. Permit the rib cage to rise.
Pause and return by first pulling the rib cage, and then the arms, up to the starting position.
Bending the elbows lessens the resistance.
Focus: Abdominal activity at the rib cage, either isometric or dynamic.
Sequence: A, B, A.

B

A
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Exercise 42—Supine Lying Resisted Humeral Extension, Combined

Beginning Position: Lie on a narrow bench with feet comfortably placed either on the floor
or up on the bench and arms straight and holding a weight (dumbbell). Slowly permit the weight
to fall back overhead. Take it to the desired endrange of motion. Permit the rib cage to rise. Pause
and return by first pulling the rib cage, and then the arms, up to the starting position. Continue
the movement by pushing the front of the dumbbell up in a curvilinear motion, rotating the
scapula forward and upward. Tuck chin, slightly flex trunk, and complete the scapular motion
(squeeze). Pause and retract scapulae, extend the humerus (keeping arms straight), and permit the
weight to move overhead.
Focus: Coordinated, smooth, complete motion. Focal point is the abdominal contraction (iso-
metric or dynamic) at the rib cage and movement of the inferior angle of the scapulae.
Sequence: A, B, A, C, D, C, A.

C

B

D

A
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Exercise 43—Supine Lying Scapular Protraction, Isolated

Beginning Position: Lie on a narrow bench with feet comfortably placed either on the floor
or up on the bench. Hold dumbbells with arms straight. Push the front of the dumbbells up in a
curvilinear motion, rotating the scapulae forward and upward. Tuck chin, slightly flex trunk, and
complete the scapular motion (squeeze). Pause and retract scapulae, keeping arms straight.
Focus: Isolating movement to and complete forward elevation of the scapulae. Focal point is
movement of the inferior angle of the scapulae.
Sequence: A, B, A, B, A.

BA

Exercise 44—Upward Rotation of the Scapula

Beginning Position: Sit with dumbbell or on special equipment. Elevate humerus forward to
approximately 140 degrees. Push weight up and forward. Pause and return to straight arm position.
Focus: Curvilinear motion isolated to the scapula. Focal point is the inferior angle of the scapula.
Sequence: A, B, A, B, A.

BA
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Exercise 45—Supine Lying Resisted Push

Beginning Position: Lie on a narrow bench with feet comfortably placed either on the floor
or up on the bench. Flex elbows and hold dumbbell close to chest. Extend elbows and protract
the scapulae. Slightly tuck chin, push weight in a curvilinear motion up, and pull rib cage down
toward the pelvis (crunch). Complete range of motion and return to the starting position, per-
mitting weight to just barely touch chest.
Focus: Coordinated, smooth, complete motion.
Sequence: A, B, C, D, C, B, A.

C

B

D

A
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Beginning Position: Stand facing the inclined trampoline, one foot forward. With both hands, throw
and retrieve a weighted ball into the trampoline. Vary the range of motion (high, low, side-to-side).
Focus: Loads imparted to the shoulder and the smooth transfer of weight through the spine.
Sequence: A, B, A, C, D, C, A.

Exercise 46—Resisted Functional Training (Tramp), Two-Handed
Straight On

B

C

A

D
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Exercise 47—Resisted Functional Training (Tramp), One-Handed
Diagonal With Isolated Movement

Beginning Position: Stand facing the inclined trampoline, then turn left to a 90-degree angle
from the trampoline. Throw and retrieve a weighted ball into the trampoline. Vary the range of
motion (high, low) and gradually use as much of the spine and lower body as possible.
Focus: Loads imparted to the shoulder and the smooth transfer of weight through the spine.
Sequence: A, B, C, D, B, C, A.

B

C

A

D
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Exercise 48—Resisted Functional Training (Tramp), One-Handed
Diagonal With Full Movement

Beginning Position: Stand facing the inclined trampoline, then turn left to a 90-degree angle
from the trampoline. Throw and retrieve a weighted ball into the trampoline. Vary the range of
motion (high, low) and gradually use as much of the spine and lower body as possible.
Focus: Loads imparted to the shoulder and the smooth transfer of weight through the spine.
Sequence: A, B, A, B, C, A, B, A.

B

C

A
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CLINICAL EXAMPLES:
PATHWAYS OF CARE FOR
SHOULDER DISORDERS
CORRELATED WITH THE
OBJECTIVES OF TREATMENT

Impingement Syndromes and
Disorders Related to Soft Tissues
of the Coracoacromial Arch:
Nonsurgical Management

We discussed the pathomechanics contributing to
impingement syndromes in previous chapters because
many interventions focus on altering those mechani-
cal factors that might contribute to compromise of
tissues in the subacromial space. The problem arc is
typically forward rather than lateral, with impinge-
ment occurring against the anterior third of the
acromion and inferior aspect of the acromioclavicular
joint. The structures most commonly involved are the
supraspinatus tendon, the anterior aspect of the infra-
spinatus tendon, the bursal covering associated with
these two tendons, and the long head of the biceps
tendon. Several biomechanical considerations guide
the clinician in the development of a comprehensive
treatment plan:

● Scapulothoracic muscle weakness contributes to
increased stress of the soft tissues in the subacromial
space through failure to provide scapular stability;
muscle weakness results in a relatively downwardly
rotated position and protracted position during
shoulder motions, leading to subacromial impinge-
ment.

● Glenohumeral joint capsular restrictions result in
the inability of the humerus to remain centered on
the glenoid during humeral movements and the loss
of the ability of the glenohumeral joint to reach the
degree of external rotation required to allow the
greater tuberosity to be positioned behind the
acromion process during overhead activities (see
Chapter 4).

● Rotator cuff weakness or early fatigue of the cuff
musculature results in the inability of the muscula-
ture to center and maintain the head of humerus
within the glenoid fossa during glenohumeral
motion (see Chapter 3).

● Excessive tensile loading that may occur with decel-
eration activities results in significant stress placed
on the posterior rotator cuff muscles during the
deceleration phase of throwing, especially the

supraspinatus, infraspinatus, and teres minor; ten-
don attrition begins, and tearing can be a sequelae.

The objective of treatment that is the primary focus
during the initial patient treatment session is effective
modulation of pain. Pain and swelling must be controlled
first before addressing the mechanics associated with
impingement. There are several ways to control pain
and the associated inflammatory response:

● Nonsteroidal antiinflammatory drugs (NSAIDs)
● Ice, which is particularly effective following the

application of cross friction techniques
● Phonophoresis or iontophoresis: these modalities

can be effective because the subacromial region of
the shoulder is relatively subcutaneous; when apply-
ing these modalities, the following patient position-
ing should be considered in order to optimize
exposure of the medicinal ions:

1. Subacromial exposure—the best exposure is
with hand in small of back, but care must be
taken that excessive adduction of humerus does
not occur.

2. Biceps long head—the best exposure is with the
humerus in slight external rotation and hyperex-
tension.

● Injection of inflammation reducing agents into the
subacromial space

● Grade I and II accessory mobilizations to provide
mechanoreceptor input into the joint, potentially
modulating pain

The next objective of treatment to implement is the
clinician’s application of passive and active stresses to
promote and encourage pain-free, active movements by the
patient. This is an extremely important objective
because often it directly deals with the shoulder path-
omechanics considered to be contributing factors to
the syndrome. The following list summarizes some of
the most strategic interventions to consider:

● Stretching of the glenohumeral joint capsule in order to
increase all physiological motions, especially external rotation.
External rotation of the glenohumeral joint is
essential to clear the greater tuberosity from under
the head of the humerus during overhead motion;
to be most effective with this passive stretching tech-
nique, use varying degrees of flexion and abduction
with the stretches into external rotation.

● Accessory motion joint mobilization techniques of the gleno-
humeral joint both in the neutral position and in varying
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degrees of glenohumeral elevation. The accessory mobi-
lization maneuvers need to be translations of
the head of the humerus on the glenoid in the ante-
rior, posterior, and inferior directions. If the intent
of joint mobilization maneuvers is to modulate
pain, the techniques should be applied with the
glenohumeral joint in the loose packed position. If
the intent is to increase the mobility of the gleno-
humeral joint capsule, then the techniques should
be applied with the glenohumeral joint in varying
degrees and planes of glenohumeral elevation.

● Stretching of pectoralis major muscle. This is indicated if
the examiner notes adaptive changes of the soft tis-
sues of the anterior shoulder girdle that are con-
tributing to the forward head, rounded shoulder
posture; an internally rotated humerus, such as
might occur with tightness of the pectoralis major
muscle, will increase compression under the cora-
coacromial arch during any forward elevation
movements.

● Stretching of pectoralis minor. This might also be neces-
sary as a result of the adaptive changes that occur
with a rounded shoulder posture; a protracted
scapula would require an even greater range of
glenohumeral external rotation in order to provide
clearance of the greater tuberosity from under the
acromion during overhead movements.

● Mobilization of the scapulothoracic articulation for a hypo-
mobile scapulothoracic articulation in superior-inferior,
protraction-retraction, and upward rotation–downward rota-
tion motions. Scapulothoracic hypomobility leads to
increased glenohumeral compression stresses associ-
ated with repetitive overhead efforts.

There are several effective ways to stretch these
tissues, from the prolonged passive stretch and oscilla-
tions for connective tissue structures to a contract-
relax and hold-relax technique that affects the
neuromuscular elements.

With the inflammatory process under reasonable
control, the clinician can initiate treatment to enhance
neuromuscular performance. Strengthening the rotator cuff
musculature is often the primary focus, although it is
essential to prescribe strengthening exercises for the
muscles of the scapulothoracic articulation, especially
the scapula retractors, elevators, and upward rotators,
and the extrinsic muscles of the shoulder girdle. The
rationale for emphasizing the rotator cuff muscles is to
optimize their ability to maintain the central position
of the head of the humerus in the glenoid fossa dur-
ing motions that bring the arm overhead. We often

prefer to begin with rotator cuff strengthening before
initiating strengthening of the extrinsic muscles
because a weak rotator cuff in the presence of
stronger extrinsic shoulder muscles results in superior
migration of the humerus.

While isolated rotator cuff exercises can be a point
from which to begin a resistance exercise program for
the rotator cuff muscles, broad patterns of movement
incorporating the intrinsic cuff muscles, extrinsic
shoulder muscles, scapulothoracic muscles, abdominal
mechanism, and spinal extensors are the most func-
tional and practical way to progress the training effect
for the muscles. The general principles of strengthen-
ing the rotator cuff muscles in the patient with
impingement syndrome are to emphasize correct form
and positioning, to stay within the pain-free range, to
carefully observe the weight and repetitions to avoid
muscle substitution, and to progressively incorporate
eccentric activities in a carefully monitored manner. If
tears of the rotator cuff muscles have already devel-
oped as a result of chronic deceleration stresses or
impingement, the clinician must cautiously overload
the muscles because a consequence of excessive over-
load may be an even greater tear of the rotator cuff.

Exercises mentioned in Chapter 3 and earlier in this
chapter have an important training effect on the rota-
tor cuff muscles. The specific muscles and related exer-
cises considered to have an excellent training effect on
them when monitored closely and performed with
exacting shoulder girdle and trunk mechanics include:

● Supraspinatus. Military press activities and scaption
exercises, both performed with the humerus in
external rotation, are excellent functional exercises
for training this muscle (we do not use an internally
rotated glenohumeral joint position for any resisted
shoulder elevation exercise).

● Subscapularis. Scaption exercises take advantage of
the subscapularis function of centering the humeral
head; additional exercises include internal rotation
against the resistance of free weights or pulleys, mil-
itary press exercise with the humerus maintained in
external rotation, and shoulder flexion exercises.
We prefer to avoid any positions of overhead
motion against resistance without the humerus
being maintained in external rotation. When the
muscle fiber orientation of the subscapularis is
closely examined, it is clear that pulling the arm
down and across the body against resistance incor-
porates the trunk, extrinsic shoulder muscles, and
intrinsic subscapularis muscle.
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● Infraspinatus and teres minor. Horizontal abduction
with external rotation, external rotation against
resistance, scaption with external rotation, and
shoulder deceleration exercises are all excellent
ways to introduce a specific training stimulus to
these key posterior cuff muscles.

Often the clinician prescribes exercises using resist-
ance tubing or other elastic resistance. Use such exercise
equipment cautiously with suspected rotator cuff
injuries in impingement conditions because the resist-
ance the tubing offers increases throughout range of
motion. Thus the resistance force of the elastic increases
as the muscle begins to lose its efficiency in the motion.
This may place excessive stress on injured tissues.

Strengthening of scapular muscles is an essential
but often overlooked aspect of exercise in the man-
agement of impingement disorders. The rationale for
emphasizing strong upward rotators of the scapula is
to ensure that the coracoacromial arch of the scapula
moves up and away from the humeral head during
shoulder motion. The primary upward rotators of the
scapulothoracic articulation are the serratus anterior
and the force couple provided by the upper and lower
trapezius muscles.

Several exercises can be incorporated to maximize
the training effect to specific muscles of the scapu-
lothoracic articulation:

● Serratus anterior. “Bench press,” or pushing motions
against resistance with a strong protraction at end of
motion; a push-up “plus,” which is a standard push-
up incorporating a strong protraction at the end of
the motion; pullover exercises from the supine posi-
tion; and complete shoulder arcs of motion through
full range using light weights in order to emphasize
upward rotation of the scapula are excellent exer-
cises for the serratus anterior. The patient must be
closely monitored with any exercises that require
the humerus to elevate above the horizontal plane
in order to avoid exacerbation of an impingement
problem.

● Trapezius, rhomboids, and levator scapula muscles.
Shoulder shrugs, scapula retraction pulling exer-
cises such as one-arm rowing, emphasize the
scapular retraction component of bilateral rows
and pull downs; proprioceptive neuromuscular
facilitation (PNF) patterns, which focus on scapu-
lar motion and setting of the scapula, are also
effective manual resistance exercises for these
muscles as well.

The remaining objective of treatment refers to
patient education in the form of biomechanical counseling. By
this, we mean teaching the patient those motions,
positions, and activities that potentially compromise
the soft tissues involved with the impingement syn-
drome. Very often the instructions given to the
patient for this condition must be sport or occupa-
tion specific. For example, advise swimmers to
decrease internal rotation of the arm as it enters the
water (thumb should not enter water first), decrease
their body roll during the freestyle and backstroke,
and increase their body lift during the butterfly
stroke. In addition, advise them to avoid using hand
paddles because of the potential increased stress as a
result of increased lever arm length acting over the
shoulder.

In athletes involved in throwing sports, closely mon-
itor the number of throws, pitches, the velocity of the
throw, and the distance thrown. It is often wise to
progress a thrower from gentle “lobs” to throws of
incrementally increasing distance.

Teach overhead workers in the industrial setting to
pay close attention to scapular strength, how much
overhead work is being done, and how much repetitive
stress occurs in their workstation. Small adjustments in
the workstation can significantly change the stresses to
the tissues of the shoulder, especially if the work
requires prolonged overhead positioning or repetitive
overhead motions.

Postsurgical Rehabilitation
Considerations Related to
Impingement Disorders: Rotator
Cuff Tears and Subacromial
Debridement

Surgery for shoulder impingement disorders is
generally reserved for conditions classified as stages
II and III in the Neer classification scheme for shoul-
der impingement (see Table 5-2). Decisions to oper-
ate on Stage II disorders are often reserved for the
patient over 40 years of age. Types of surgery per-
formed to decompress the suprahumeral space
include excision of anterior third of acromion,
release of coracoacromial ligament, rotator cuff ten-
don debridement, and bursectomy. The variability of
the surgical approach, coupled with the varying
degrees of cuff and subacromial debridement or
reconstruction performed, makes a general discussion
of rehabilitation difficult.
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For ease of discussion, we will describe the rehabil-
itation concepts behind three surgical approaches of
increasingly greater tissue disruption:

1. Arthroscopic debridement of the subacromial
space

2. Arthroscopic debridement of the subacromial
space and open cuff repair through separation of
the fibers of the deltoid

3. Open repair via detachment of the deltoid from its
clavicular and anterior acromial attachments

We have summarized the surgical approaches in
this manner to emphasize that the rehabilitation for
each of these varies not only in terms of time lines but
also in the aggressiveness with which the patient can
pursue active exercise and resistive exercise and return
to sport or activities of daily living. Postsurgery reha-
bilitation for each of these patients begins with com-
munication with the surgeon in order to gain an
understanding of the specific tissues and the health of
those tissues involved in the surgery. In all three con-
ditions, the patient must understand that continuing
his exercise program is essential for his condition, even
after completing his course of rehabilitation.

In the postsurgical management following arthro-
scopic debridement, a more rapid recovery is expected
because the deltoid attachment has not been compro-
mised. We begin passive and active assistive motion
immediately following surgery with a particular
emphasis on external rotation. When performing pas-
sive glenohumeral elevations in any plane, we apply a
very small inferior glide simultaneous with the eleva-
tion movements. Rotation exercises are relatively safe
within the first 30 degrees of glenohumeral elevation,
but above that level the clinician must carefully moni-
tor rotations because they can simply “grind” the cuff
tendons within the subacromial space.

Isometric exercises for the extrinsic and intrinsic
shoulder muscles are also initiated immediately after
surgery. When range of motion is full and relatively
pain free, we then commence the use of free weights
and pulleys to progressively strengthen the intrinsic,
extrinsic, scapulothoracic, and trunk muscles.
Depending on the degree of tissue surgically debrided
or repaired, patients can typically return to full activ-
ity at 3 to 5 months if range of motion is full and pain
free and optimal muscular strength and endurance are
present.

If open repair of the rotator cuff is performed concurrent
with an arthroscopic debridement, the surgical approach
typically splits the deltoid along the lines of its fibers

rather than detaching it from its origin. Consequently,
there is more tissue disruption than with arthroscopy
alone but less than in open procedures that take down
the deltoid.

The rehabilitation time line is also determined by
the viability and size of the tendon defect repaired.
Older tendon tears do not present the surgeon with an
optimal amount of tendon tissue to reattach to the
humerus, and the size of the tendon tear is one of the
determining factors of healing time. Consequently
the tendon repair of a large defect is not as strong and
cannot be stressed as early or as vigorously as a repair
of a smaller, acute tear in a younger individual.

Immediately after surgery the patient uses a shoul-
der sling for the first few weeks to counter the gravita-
tional stress of the humerus on the glenoid and to
minimize motion. We typically begin mild isometric
exercises and careful passive and active assistive range
of motion exercises within a pain-free range during
this healing period. Range-of-motion exercises remain
the essential aspect of treatment during the first 2 to 3
months, and depending on the strength and size of the
repair, strengthening exercises can be progressed using
light resistance through controlled motions at the 3- to
4-month mark. Typically a more advanced exercise
program for all of the shoulder muscle groups is not
initiated until the fourth or fifth month, but during this
time, the clinician is closely monitoring the gains in
range of motion and working to ensure that a full
range of pain-free motion is present before any
aggressive strengthening regimen is initiated. Again,
the size of the repair and viability of the tissue, cou-
pled with the activity or sport the patient is returning
to, determine the time frame at which he can return to
activity. Patients with a smaller, acute repair may be
able to return to activity following gain of full motion
and neuromuscular performance in 5 to 6 months,
whereas patients with repairs at the opposite end of
the spectrum may not be able to return to activity for
9 to 12 months.

The open repair of the cuff tendon in which the del-
toid is detached to present a larger subdeltoid field fea-
tures the greatest tissue disruption discussed. As such,
the shoulder joint must be protected to a greater
extent early on, and stresses to the repaired tissues
must be introduced in a very controlled manner.

The early aspects of rehabilitation primarily consist
of passive and very guarded active assistive range of
motion for the first 2 to 3 months, depending on the
size of the repair. Depending on the degree of tissue
disruption, we do not typically begin resistance
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exercises until the third or fourth month, again based
on the surgeon’s opinion of the strength of the repair.
Return to activity often takes 1 year or more because
of the length of time needed for optimal tissue fixation
and the return of fully functional shoulder motion and
neuromuscular control.

Nonsurgical Management
for Shoulder Instability

Several factors determine the aggressiveness of
treatment for individuals who have instability of the
glenohumeral joint. Combinations of the factors
noted below warrant caution in the early stages of
management:

● Can the examiner detect excessive translation with
passive translational stresses?

● Is the anterior glenoid rim palpably tender?
● Is there a suspicion of anterior rim of labrum

involvement (palpable tenderness; clicks and pops
anteriorly)?

● What has been the frequency of dislocations and
resultant reductions, and how many have occurred?

● Does arm transiently “go dead,” and is there sud-
den pain with subluxation?

● Is there an associated impingement phenomenon?

The body type and onset of instability also guide
the clinician in selecting the most appropriate treat-
ment regimen. Shoulder instability problems can be
characterized as:

● Atraumatic: the patient with general hypermobility,
lax connective tissue framework, often female, with
generalized weakness and poor posture

● Microtraumatic: the 15- to 35-year-old athlete or
worker whose activities require much overhead
movement that results in gradual stretching of con-
nective tissue restraints (usually this patient has asso-
ciated pathology such as impingement or overuse
syndromes)

● Traumatic: the patient with a single, identifiable,
initial episode of dislocation of the glenohumeral
joint that may now have resulted in recurrent
episodes of dislocation

The use of a nonsurgical rehabilitation program
for shoulder instability depends on such factors as
the severity of the glenohumeral joint injury, the fre-
quency of dislocations and subluxations, the age and
activity level of the patient, and the status of the

surrounding tissues, particularly the rotator cuff
musculature. If connective tissue structures such as
the glenohumeral joint capsule and the gleno-
humeral ligaments are excessively lax or the glenoid
labrum is torn or partially avulsed from the glenoid,
there is little chance that exercises can result in
complete stability of the glenohumeral joint.
Perhaps more than in any of the other shoulder syn-
dromes, the patient must clearly understand the
importance of his participation throughout the
rehabilitation process and be willing to avoid or
decrease those activities that render the shoulder
vulnerable to subluxation or dislocation.

As with the impingement syndrome, it is useful to
plan the interventions along the four objectives of
treatment. If pain is a primary complaint, then the
first objective is to address modulation of pain.
Modalities to desensitize the region include ice or elec-
trical stimulation and the use of NSAIDs. The con-
cept of “active rest” also becomes important with
instability problems. Motion within very controlled
ranges while the pain settles is important in this pain
modulation phase.

The clinician’s application of passive and active stresses
to promote and encourage pain-free, active movements by the
patient must be applied in a very judicious manner.
Aggressive stretching and joint mobilization have very
few indications with an instability problem because
this problem is primarily one of decreased stability
between the humerus and the glenoid. If a forward
head, rounded shoulder kyphotic posture is present, it
may be necessary to inspect the length of anterior
chest muscles but avoid specific stretches to the gleno-
humeral joint structures. Likewise, mobility exercises
and stretches for the lower cervical and thoracic spine,
especially thoracic extension, may be necessary
because limitations of motion in the spine increase the
motion requirements for the glenohumeral joint
during overhead activities.

Following an acute injury of the glenohumeral joint
that has resulted in instability, it is important to initiate
isometric exercises to the rotator cuff and extrinsic
muscles of the shoulder early in the rehabilitation
process. Isometric exercises should not exacerbate the
pain and are well tolerated by the patient. Instruct the
patient to perform them in ranges of motion that do
not compromise the weakened connective tissues. The
purpose of such isometric exercises is to prevent atro-
phy of the cuff muscles and to place very controlled
forces through the joint capsule through the actions of
the rotator cuff.

218 TREATMENT OF MECHANICAL SHOULDER DISORDERS

W9272-06.qxd  8/20/03  7:14 PM  Page 218



Enhancing neuromuscular performance is one of the
more important objectives in management of the
patient with shoulder instability. The primary focus of
treatment with instability disorders of the gleno-
humeral joint is enhancing the strength, power, and
endurance of the intrinsic and extrinsic musculature
of the shoulder girdle complex. In addition to the
important rotator cuff muscles, exercises for the pow-
erful extrinsic muscles of the shoulder, such as the
latissimus dorsi, deltoid, pectoralis major, coraco-
brachialis, and biceps brachii, and for the muscles of
the scapulothoracic articulation, such as the trapez-
ius, levator scapula, rhomboids, and the serratus ante-
rior, must be included (see Chapter 3 and previously
in this chapter).

As noted in Chapter 3, it is also essential for the cli-
nician to incorporate exercises that increase strength
of the trunk and lower extremities because of the link-
ages between the muscles and through the key fascial
systems. Although many different exercises have been
suggested for strengthening the shoulder girdle, we
prefer to use diagonal patterns against resistance
through the invulnerable ranges of motion because
these exercises incorporate trunk muscle activation
(abdominal mechanism and spinal extensors), scapula
muscles, extrinsic shoulder muscles, and the rotator
cuff. While there has been a tendency in the past to
focus on the anterior shoulder muscles with the more
common anterior subluxations and dislocations,
strengthening of the external rotators, particularly the
infraspinatus and teres minor complex, is the more
logical focus for managing anterior instability (see
Chapter 3). Ultimately, a global approach incorporat-
ing total shoulder girdle and trunk strengthening is the
most comprehensive treatment strategy.

The use of rhythmic stabilization exercises in vary-
ing ranges of motion is very effective in the nonsurgi-
cal management of instability.1 In the later stages of
rehabilitation, exercises against resistance and co-
contraction exercises can be performed from the
apprehension position with the intent being to develop
kinesthetic and proprioceptive awareness of vulnera-
ble shoulder positions and the appropriate neuromo-
tor responses to such positions. Plyometric exercises
using varying sizes and weights of medicine balls are
also effective ways to train the neuromuscular complex
about the shoulder and are especially effective in deal-
ing with athletes.27

During the physical examination (see Chapter 5) the
clinician gains information regarding the vulnerable
and invulnerable positions of the shoulder and the ease

with which the humerus translates over the glenoid.
This allows for the careful planning of the motions and
positions relative to the glenohumeral joint for safe and
effective strengthening programs. This is the essential
aspect of enhancing neuromuscular performance with
shoulder instability: overloading and challenging the
neuromuscular system but not overwhelming the
already compromised specialized connective tissues.
We recommend beginning the development of the
exercise prescription using the invulnerable ranges of
motion and carefully progressing to more functional
ranges during the course of rehabilitation. The patient
must understand that no matter how strong or how
hypertrophied the musculature becomes, most likely
there will be portions of the range that have the poten-
tial for subluxation or dislocation.

Biomechanical counseling in the nonsurgical manage-
ment of instability disorders requires that clinician
and patient carefully assess activities of daily living,
work postures and requirements, and sport activities in
order to determine the limits of motion and loading
patterns to the shoulder. The patient also is counseled
to avoid the slumping postures and the glenohumeral
apprehension position (abduction and external rota-
tion) with sleeping.

Part of the educational process for a patient with
instability is that he realize the strengthening program
for his shoulder is not just a temporary phenomenon.
Because of the high incidence of rotator cuff ten-
donitis and impingement related disorders associated
with glenohumeral joint instability, an exercise pro-
gram must be maintained even after pain has sub-
sided.9,12 Shoulder and trunk exercises need to be
continued on a regular and habitual basis.

Surgical Management for Shoulder
Instability and Postsurgical
Considerations

Numerous procedures have been described to surgi-
cally stabilize the glenohumeral joint. The clinician
needs to understand the extent and type of surgical
procedure performed, because each has its own set of
unique precautions and protocols that influence the
rehabilitation process.

The general principle behind surgical procedures
designed to enhance the stability of the glenohumeral
joint is to directly restore the anatomy, particularly the
glenohumeral joint capsule, glenohumeral ligaments,
and glenoid labrum, to as normal an anatomical
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relationship as possible or to use the surrounding tis-
sues to support the glenohumeral joint and minimize
aberrational movement between the humerus and the
glenoid fossa. The challenge is to bolster the stability
of the joint but still maintain functional range of
motion and strength throughout the range of motion.

Anatomical reconstruction of the compromised
tissues, specifically the glenohumeral ligament com-
plex and glenoid labral tears, can be accomplished
using open or arthroscopic procedures. The size and
extent of these lesions have become better recog-
nized with the increasing use of diagnostic
arthroscopy. The greater the extent of repair needed
to the glenohumeral ligament and labral complex,
however, the smaller the potential to effectively reach
all of the necessary tissue via the arthroscope,
increasing the necessity for an open repair. In addi-
tion to labral reattachment, capsular shift proce-
dures are designed to tighten the joint capsule,
thereby removing the slack and redundancy from the
capsule-ligament complex.

The rehabilitation process uses each of the four
objectives of treatment, and the timing of the intro-
duction of each objective depends on many factors
such as the presurgical status of the tissue, viability of
tissues involved with the surgical procedure, and the
time frames associated with surgical healing. Pain and
swelling are controlled immediately after surgery
through the use of a sling and scaption support, which
places the glenohumeral joint at approximately 30
degrees of scaption plane motion and 30 degrees of
external rotation. This helps protect the surgically
repaired capsulolabral complex.

During the first 2 months of rehabilitation the pri-
mary focus is on passive and active assistive range of
motion (application of controlled stresses). The clini-
cian must have a keen tactile sense of end feel during
any passive motions and be able to clearly discern
muscle guarding from connective tissue tension. The
connective tissues are gently “coaxed” out toward full
motion. While all patients present as unique cases, we
typically strive to have full range of motion reached by
2 to 3 months.

Strengthening (enhancing neuromuscular perform-
ance) is begun with light isometric exercises at approx-
imately the second or third week. As the patient makes
gains in the range of motion, we encourage isometric
muscle strengthening in these newly gained ranges.
Usually by the end of the first month the patient can
also perform light resistance exercises through varying
arcs of acquired motion. The clinician must monitor

the patient to avoid placing excessive stress on the
anterior capsule, so we typically do not position the
patient in any way that might result in the arm being
pulled into uncontrolled external rotation by any free
weight, pulley, or medicine ball. It is important at this
time also to monitor the contribution of the scapu-
lothoracic and trunk muscles to the motion carefully
because these are integral components of the
strengthening program.

Finally, patient education (biomechanical counsel-
ing) is important. The patient must understand the
importance of a long-term commitment to his exer-
cise program. He must also understand the activities
and positions that can compromise the repair.
Throwing especially increases loading to the repaired
tissues, and while gentle lob throws can be started at
approximately the eighth or ninth month, full speed
throwing must often be delayed for about a year after
surgery.

Another surgical approach that attempts to deal
directly with the lax capsular tissue is thermal capsu-
lar shrinkage. The postsurgery rehabilitation plan for
this procedure includes passive range of motion of
glenohumeral joint to tolerance, including external
rotation with the glenohumeral joint placed at 45
degrees abduction during the first month. Passive
techniques are followed by the initiation of antigravity
motion as tolerated. Posterior-to-anterior accessory
joint mobilization techniques are carefully avoided in
order to minimize any forces against the anterior wall
of the joint capsule. Submaximal resistance exercises
are used with a particular emphasis on rhythmic
stabilization.

After the first month we include active and passive
range-of-motion exercises to tolerance, including
accessory mobilizations. Posterior capsule stretches
are incorporated using across-the-body horizontal
adduction, but care must be taken to stabilize the
scapula in order to properly and completely apply
such a stretch. Resistance exercises using light weights
and pulleys are initiated with scaption plane elevations
and external rotation in varying positions of gleno-
humeral abduction and flexion. Along with the
strengthening programs noted, exercises that ulti-
mately incorporate the combined actions of the trunk,
scapulothoracic articulation, and glenohumeral joint
are the eventual goal. The key is to monitor symptoms
and recognize the healing constraints of the surgically
managed tissues.

Several other surgical procedures do not deal with
the involved connective tissues directly but instead
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seek to offer increased joint stability by using sur-
rounding bone or muscle tissue to provide a physical
restraint to excessive glenohumeral translation. These
techniques are used less often today because of recent
advances in arthroscopic and open techniques to the
capsule and labrum but are presented here for the sake
of completeness.

The Bristow procedure, in which the tip of the
coracoid process, with the attached short head of the
biceps brachii and coracobrachialis, is removed and
then reattached to the anterior aspect of the glenoid,
is one such surgical approach.24 The bone (coracoid)
and muscular sling (biceps and coracobrachialis) cre-
ate a barrier to anterior subluxation of the humerus.
Limitations in external rotation typically occur with
this surgery, and the clinician must be cognizant of
exercises, especially resistance exercises, that may
place increased loads through the biceps or coraco-
brachialis muscles.

The Putti-Platt procedure uses the subscapularis
muscle to reinforce the anterior aspect of the gleno-
humeral joint. The subscapularis tendon is divided
medial to its insertion, allowing a medial and lateral
flap of subscapularis muscle to then be overlapped
and attached to the anterior aspect of the joint to pro-
vide an additional restraint to anterior subluxation.
Like the Bristow, the Putti-Platt often results in limited
range of motion, especially external shoulder rotation,
and a loss of strength.21 In addition, excessive tighten-
ing of the subscapularis has been attributed to pro-
moting early degenerative joint changes in the
glenohumeral joint.11

SUMMARY

We have provided treatment techniques, as well as a
thought process to organize a treatment approach
along the four objectives. Although there are many
different treatment techniques, the similarity in tech-
niques lies in their purported effects. Thus, as
reviewed early in this chapter, it is the intended effect
or intent of treatment that is most important in the devel-
opment of a treatment program. When treating a
patient with shoulder problems, it is important to rec-
ognize the following as essential aspects: range of
motion of the glenohumeral joint, strengthening of
the rotator cuff musculature, strengthening of the
extrinsic musculature of the shoulder, strengthening of
the scapulothoracic muscles, and strengthening of the
trunk musculature. Regardless of the clinical problem

that is seen, these five aspects remain the mainstays of
successful shoulder rehabilitation.
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INDEX

A
Abdominal fascia, 86
Abdominal musculature

crossing relationships of, 50t, 86f
relationship to the shoulder girdle of, 86-87, 87f,

87t, 121
Acromioclavicular disc, 7t
Acromioclavicular joint, 114-119, 161

connective tissues of, 116-117
degenerative conditions of, 115, 119
examination of, 121f, 142, 147, 157-158
exercises for, 115, 117f
injuries to, 14-15, 15f, 118-119, 120t
neuroanatomy of, 41-45
pain from, 119, 121f, 137
role of, 58
sprains of, 32
stability of, 55, 116-118
subluxation or dislocation of, 34f

Acromioclavicular joint capsule, 7t
Acromioclavicular ligament, 69
Acromion

ossification centers in, 93
role of, in glenohumeral joint compression, 70-71
suprahumeral-subacromial interface of, 107-114

Active compression test, 149, 151f
Adhesive capsulitis of the glenohumeral joint, 106-107

age factors in, 134
aggravating factors in, 138
inflammatory processes in, 155-156
treatment of, 122

Adipose tissue, 7f
Afferent input, 169
Age-related injuries, 133-136. See also rotator cuff

injuries.
adhesive capsulitis of the glenohumeral 

joint, 134
connective tissue degenerative changes, 2-3
degenerative conditions, 115
frozen shoulder, 134
impingement syndrome, 134t
instability syndromes, 133
involving tendon tissue, 70-71
referred pain in, 25-26, 27t
role of proteoglycan in, 9-10
of the rotator cuff, 70-71, 134

AMBRI. See atraumatic etiology with multidirec-
tional instability pattern (AMBRI).

Analgesic drugs, 168
Anatomical diagnosis, 129
Anatomy of the shoulder. See musculature of the

shoulder.
Anterior deltoid, 83
Apophyseal joint degeneration, 24-26, 27t
Applied physical stress concepts, 130-131
Applied physical stresses, 130
Apprehension tests, 157
Arthritis of the glenohumeral joint, 18, 19f, 19t
Arthroscopy

for diagnostics, 130, 149, 158
in surgical treatment, 217, 220

Articular cartilage, 8
degeneration of, 2, 18
of the shoulder complex, 7f, 18, 19f

Assessment. See evaluation of the shoulder.
Page numbers followed by f indicate figures;
t, tables.
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Atraumatic etiology with multidirectional instability
pattern (AMBRI), 137, 138

Axilla, 7, 30-31
Axillary nerve, 37t, 41, 42f, 77f

examination of, 34-35, 37t
injuries to, 34-35, 137

B
Bankart lesion, 99, 100-101f, 137
Barrier positions, 162-163
Biceps brachii, 25t. See also long head of the biceps;

short head of the biceps.
crossing relationships of, 50t, 73, 77f
hanger function of, 78f
tendons of, 17, 18f, 49, 72f

Biceps tendon
anatomy of, 18f

Bicipital tenosynovitis, 85
Biomechanics of connective tissues, 10-14

under repetitive loading, 12-13, 13f
in rotator cuff tendon failure, 13-14

Biomechanics of throwing, 135t
Blazina classification of pain, 139t
Body types and function of the shoulder 

joint, 4-6
Bones of the shoulder complex, 7t, 8
Brachial plexus, 22, 26, 28-30, 32f, 137

Erb’s point, 30, 31f
injuries of, 28, 29f, 32-33
neurophysiology of, 30-31
peripheral nerves of, 31-35
thoracic outlet syndrome, 35-38, 39f, 40f

Bursae, 7t
of the rotator cuff, 108
of the scapula, 76
of the scapulothoracic interface, 121
subacromial, examination of, 149-150

C
Calcified tendonitis, 161
Cancer, history of, 133
Capsular ligaments. See glenohumeral joint 

capsule.
Capsulitis, 137
Cervical apophyseal joint capsule, 7t

examination of, 27f
referred pain from, 25-26

Cervical nerve roots
examination of, 137, 138t
irritation of, 22, 24-25

Cervical plexus, 41, 42f

Cervical spine, 7t, 22-25
discogenic pain in, 26
examination of, 27f, 141-142
nerve roots, irritation of, 22, 24-25
nerve roots, pain of, 24-25
nerve root screen of, 24-25, 25t
referred pain from, 25-26
screening of, 24-26, 25t, 27f
spinal accessory nerve (cranial nerve XI), 35,

38f, 39f
Characteristics influencing muscle function, 48t
Chronic pain syndrome, 131
Clavicle, 7t, 147. See also acromioclavicular joint.
Clinical examples, 214-222

of coracoacromial arch disorders, 214-216
of impingement syndromes, 214-216
of nonsurgical treatments for instability, 

218-219
of surgical treatments for instability, 219-221

Closed kinetic chain for strengthening, 95
Clunk test, 149, 150f
Collagen fiber, 8, 9f

crimp in, 10-11, 10f
stress and strain on, 10-12, 11f

Complex regional pain syndrome, 161
Compression of the connective tissues, 4, 6, 49, 

130-131, 146
Connective (soft) tissue injuries, 161

age-related degenerative changes in, 2-3
applied physical stresses evaluation of, 130-131
compression of, 4, 6, 49
examination of, 131-132, 146, 155
immobilization of, 3
laxity and, 155
subluxation of the humeral head in, 4, 6
treatments for, 169, 170f

Connective (soft) tissues, 6-14
anatomy of, 3-4
biomechanics of, 3-4, 10-14
distinguishing charachteristics of, 8
intercellular components of, 8-10
modification of, 169
under repetitive loading, 12-13
specialized types of, 6-8, 7t, 10-14
stress and strain on, 10-12

Controlled loading, 12-13, 162
Coracoacromial arch disorders, 214-216
Coracoacromial ligament, 7t

deformities of, 110-111
in rotator cuff tears, 74f
suprahumeral-subacromial interface, 107-108
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Coracobrachialis, 25t, 72, 83-84
crossing relationships of, 50t, 73, 77f
hanger function of, 78f
suprahumeral-subacromial interface, 107-108

Coracoclavicular ligament, 7t, 81f, 117, 118f
Coracohumeral ligament, 7t, 70, 72f, 106
Corticosteroid injections, 168
Costoclavicular ligament, 7t, 81f
Counterbalancing of the shoulder, 74-75, 76f,

78f, 80t
Cranial nerve XI (spinal accessory nerve), 35, 38f, 39f
Crossing relationships, 50, 50t, 73-75

of the abdominal musculature, 86f
of the coracobrachialis, 50t, 73, 77f
of the deltoid, 74
of the glenohumeral joint, 77f
of the gluteus maximus, 50t, 52-53
of the infraspinatus, 50t
of the latissimus dorsi, 50t, 52-53
of the long head of the biceps, 50t
of the long head of the triceps, 50t, 73-74, 77f
of the pectoralis major, 74-75, 82f, 83
of the rhomboids, major and minor, 50t
of the serratus anterior, 50t, 52-53
of the short head of the biceps, 73
of the short head of the biceps brachii, 77f
of the subscapularis, 50t, 73, 77f
of the teres major, 50t, 77f
of the trapezius, 50t

D
Degenerative joint disease, 26
Deltoid, 25t, 64, 71-73

counterbalances of, 73, 76f
crossing relationships of, 74
hanger function of, 78f
mechanics of, 110, 111f
three heads of, 75f

Dense connective tissue, 7
Diabetes, 156
Diagonal push-ups, 206
Diaphragm, 86f
Discogenic pain, 26
Dislocation of the glenohumeral joint, 2, 99. See also

subluxation of the humeral head.
clinical examples of, 218-219
peripheral nerve injuries resulting from, 137
superior labrum anterior to posterior (SLAP)

lesions, 99, 101
Drawer test, 146, 148f
DVD clips, 21

E
Elastic tissue, 7f, 8
Electrical modalities, 168-169
Elevation of the arm, 10, 92

contact relationships in, 92
examination of, 141-143
scapular position in, 95

Endurance, 172
Erb’s point, 30, 31f
Evaluation of the shoulder, 4-6. See also pain.

active compression test, 149, 151f
applied physical stress concepts, 130-131
apprehension tests, 157
arthroscopic techniques, 130, 149, 158
of the capsular pattern, 106-107
cervical spine screening, 24-26, 25t, 27f
clunk test, 149, 150f
common disorders of, 14-18, 161
discogenic pain, 26
drawer test, 146, 148f
establishing a therapeutic relationship, 132-133
goals of, 131-132
imaging techniques, 130, 149, 158
impingement tests, 112-114
influence of body types, 4-6
joint laxity screening, 6
Kibler lateral scapular slide test, 120-121, 

149, 150f
load and shift test, 146, 148f
medical history, 132-140

aggravating factors, 138
assessment of functional limitations, 139-140
location of pain, 137-138
mechanism of injury, 136
medical conditions, 133
of nociceptive mechanics, 138
pain behavior and intensity, 138-139
patient’s description of the problem, 140
predisposing factors, 133-136

Neer impingement test, 134t, 154
nerve root screening, 24, 25t
occupational and sports activities, 133-136
pathomechanical vs. pathoanatomical approaches,

129-131
physical examination, 140-158

assessment of active motion, 141-145
assessment of connective tissue laxity, 155
impingement tests, 153-155
joint play and stability, 132, 156-158
neural conduction problems, 153
observation and inspection, 140-141
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226 INDEX

Evaluation of the shoulder (Continued )
palpation, 146-150
passive motion and provocation, 145-146
physiological motion testing, 155-156
radiography and arthroscopy, 158
resisted tests, 150-153
sequence of, 140t, 141t, 146t, 155t
standing position, 140t, 141

questionnaires, 133t, 139-140
relocation test, 157
Speed’s test, 152f, 153
sulcus test, 146, 147f
syndrome classification, 131-132
transient numbness/paresthesias, 136-137

Examination of the shoulder
referred pain, 27t

Exercises, 173-213
crossing relationships, 173-174
dumbbell curls, 204
functional strengthening, 190-204
pull-downs and pull-ups, 187-189
pushing, 205-210
rowing, 183-186
seated resistance and stabilization, 181-183
sensorimotor integration and speed, 211-213
strengthening from the prone position, 175-180

External impingement, 153-154
External obliques, 62-63, 86, 86f

F
Fall injuries, 136
Fascial coverings, 66-67
Forces of muscular contraction, 48, 50, 162
Fractures, 161
Frequency of shoulder injuries

aging and normal degenerative changes, 2-3
from occupational causes, 1-2
from sports activities, 2-3

Frozen shoulder, 106-107
age factors, 134
aggravating factors in, 138
inflammatory processes in, 155-156
treatment of, 122

G
Glenohumeral joint, 85

adhesive capsulitis of, 106-107
arthritis of, 18, 19f, 19t
capsular pattern of, 155-156
capsulitis of, 137
close- and loose-packing of, 96

Glenohumeral joint (Continued )
connective tissue structures of, 97-106

capsular ligaments, 104-107
glenoid labrum, 97-102
joint capsule and synovial membrane, 102-104

counterbalancing muscles of, 80t
crossing relationships in, 77f
dislocations of, 2
in elevation of the arm, 10, 92
enervation of, 33, 34
examination of, 144-145, 155-158
external rotation of, 10
glenoid cavity, 93-97
glenoid fossa, 93-97, 99-102
head of the humerus, 92-93
infraspinatus, 67
instability of, 16-17, 98-99t
labral defects of, 99-102
layers of conjoint tendon of, 69-70, 72f
long head of the biceps, 84-85
mechanics of, 93-96
mobilization of, 4, 92
neuroanatomy of, 41-45
passive joint mobilization of, 95
proprioception of, 41, 43
rehabilitation of, 13
resistance exercises for, 95
rotation of, 144-145
scapula, 93
shear and compression of suprahumeral tissues

of, 76f
stability of, 41, 43-44, 47, 50, 73-75, 85, 97-98
suprahumeral dome, 93
treatment of, 169, 171f

Glenohumeral joint capsule, 7t, 102-107
adhesive capsulitis, 106-107
anatomy and mechanics of, 3-4
Bankart lesion of, 99, 100-101f
examination of, 143, 144f, 149-150, 156-158
hypermobility of, 156-158
instability of, 136, 137f, 138
laxity of, 6
ligaments of, 104-107
link with rotator cuff, 3-4
obligate translation of, 107
restriction of, 143, 144f
rotator interval, 106
suprahumeral-subacromial interface, 107-108

Glenoid fossa, 7t, 93-97, 96f
cartilage covering of, 93
contact relationships of, 92, 96
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Glenoid fossa (Continued )
defects of, 99-102
possible orientations of, 93

Glenoid labrum, 7t, 97-98
examination of, 147, 149, 150f
injuries to, 85, 97
lesions of, 97-102, 161
sealing phenomenon of, 97-98

Gluteus maximus, 50t, 52-53
Glycosaminoglycans, 8, 9f

H
Hanger muscles of the shoulder, 74-75, 78f
Head of the humerus. See humeral head.
Healing. See treatment of mechanical shoulder

injuries.
Hematopoietic tissue, 7f
Hilton’s law, 41
History. See medical history.
Humeral head, 7t, 92-93, 94f

cartilage covering of, 93, 94f
contact relationship to the glenoid fossa, 92, 96
examination of, 141
ossification centers of, 93, 95f

Humerus, 7t. See also subluxation of the humeral
head.

action of the latissimus dorsi on, 52
action of the teres major on, 54
anatomy of, 16
anterior dislocations of, 34
elevation of, 58
examination of upward rotation, 77-78
fractures of, 16
muscular attachment to the scapula of, 64-75
suprahumeral-subacromial interface, 107-114
treatment of, 77-78
upward rotation of, 77-78

Hypertrophy of muscles, 48

I
Imaging and arthroscopic techniques, 130, 149, 158
Immobilization of the shoulder girdle, 3
Impingement syndromes

acromioclavicular joint in, 114
association with subluxation, 218
association with swimming, 134
biceps tendon in, 70
clinical examples of, 214-216
decreased serratus anterior activity in, 95
examination of, 112-114, 143, 144f, 152f, 153-155
exercises for, 58

Impingement syndromes (Continued )
external, 153-154
internal, 114, 154-155
in kyphosis, 135-136
limitations in rotation with, 103-104
Neer Classification Scheme for Shoulder

Impingement, 134t
postsurgical rehabilitation of, 216-218
reverse capsular pattern in, 156
from rotator cuff tears, 70
scapular asymmetry in, 121
scapular mechanics in, 64, 121
strengthening exercises for the trapezius, 64

Inclined bench press, 205
Industrial disabilities. See occupational disorders.
Inferior glenohumeral ligament, 105-106
Infraspinatus, 25t, 31, 62f, 65-67, 71f, 72f, 75f

conjoint tendon of, 49
counterbalancing role of, 4, 78f
crossing relationships of, 50t
examination of, 149-150
fascial covering of, 4, 66-67, 68f
resistance exercises for, 67
role of, 67, 103
in rotator cuff tears, 74f
tendons of, 49
three heads of, 65-66, 67f
treatment of, 67, 216
weakness of, 33-34

Instability of the shoulder, 98-99t, 132, 161
age factors in, 133
anterior aspect of the glenohumeral joint capsule

in, 136, 137f, 138
atraumatic etiology with multidirectional

instability pattern (AMBRI), 137-138
Bankart lesions, 99, 100-101f, 137
clinical examples of, 218-219
examination of, 98-99t, 146, 147f, 156-158
impingement syndromes in, 153-154
sulcus test for, 146, 147f
superior labrum anterior to posterior (SLAP)

lesions, 85, 99, 101-102
surgical management of, 219-221
treatment of, 172-173
unidirectional, 138

Intent of treatment, 163-165, 221
maintenance of function, 161-162, 164
optimization of the healing environment, 164
prevention of further injury, 164-165
restoration of anatomical relationships, 164

Intercostals, 76, 121
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Internal impingement, 114, 154-155
Internal oblique, 86
Intervertebral discs, 24
Iontophoresis, 214

J
Joint capsules of the shoulder complex, 7f
Joint kinematics, alterations of, 3
Joint laxity screening, 6
Joint mobilization, 4, 92

passive, 95, 122
of the scapula, 122, 123f
techniques for, 169, 171f

Joints of the shoulder complex, 7f. See also names of
specific joints, e.g. glenohumeral joint.

K
Kibler lateral scapular slide test, 120-121, 149, 150f

L
Labral defects, 99-102

Bankart lesion, 99, 100-101f
superior labrum anterior to posterior (SLAP)

lesions, 99, 101-102
Latissimus dorsi, 25t, 51-53

action on the humerus of, 52
attachments to the serratus anterior of, 51-52, 62
counterbalancing role of, 78f
crossing relationships of, 50t, 52-53
scapulothoracic interface and, 123
strengthening exercises for, 55t
tendons of, 49

Latissimus dorsi pull-down, narrow grip, 188
Latissimus dorsi pull-down, wide grip, 187
Laxity of the glenohumeral joint capsule

in internal impingement syndromes, 154-155
screening of, 6

Levator scapula, 25t, 59-60
mechanics of, 59
pain and tenderness of, 59-60
role of, 59-60, 124f
scapulothoracic interface and, 122
serape effect and, 63-64
size of, 59
strengthening exercises for, 62t
tendons of, 49
treatment of, 62t, 216

Ligaments of the shoulder complex, 7t. See also
names of specific ligaments, e.g., coracoacro-
mial ligament.

Load and shift test, 146, 148f

Loading variables, 4-6
barrier positions, 162-163
biomechanics of, 12-13, 13f

Long head of the biceps, 70, 84-85
compression of, 85
examination of, 149-150, 152f, 153
exercises for, 85
flattening of the tendon, 111-112
function of, 84-85
stability of the glenohumeral joint, 85
superior labrum anterior to posterior (SLAP)

lesions, 99, 101, 152f, 153
tendonitis of, 153
tendon of, 17, 18f

Long head of the triceps, 64, 72-75
crossing relationships of, 73-74, 77f
functions of, 73-75
subluxation of the humeral head, 74

Long thoracic nerve
examination of, 33-34, 35f, 36f
injuries to, 33-34

Loose connective tissue, 7f
Lumbar spine, 86f

M
Macrotrauma, 1
Manual techniques, 169, 171
Mechanical diagnosis, 129-130
Mechanical function of the shoulder, 4-6. See also

neurophysiology of the shoulder.
compression in, 49
crossing and overlapping of muscles in, 50
forces of muscle contraction in, 50
shear forces in, 49-50
torque in, 49

Mechanical loads of the shoulder joint
posterior shear force, 5f

Mechanoreceptors, 7t
Medial acromion, 7t
Medical history, 132-140

aggravating factors, 138
assessment of functional limitations, 139-140
location of pain, 137-138
mechanism of injury, 136
medical conditions, 133
of nociceptive mechanics, 138
pain behavior and intensity, 138-139
patient’s description of the problem, 140
predisposing factors, 133-134, 133-136

Medication use, 168
Microtrauma, cumulative, 1-2
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Middle glenohumeral ligament, 105
Mobilization of the shoulder. See joint mobilization.
Modulation of resting state of muscle contractions,

169
Motion exercises, 4
Mucous tissue, 7f
Muscle tissue

anatomy and mechanics of, 3-4
effects of immobilization on, 3
of the infraspinatus fascia, 4
role in joint articulations, 3-4
strength training of, 4
structure of, 48-50

Musculature of the shoulder, 47-88. See also
mechanical function of the shoulder.

abdominal musculature, 86-87
anterior region, 80-85

anterior deltoid, 80, 83
biceps brachii, 80
coracobrachialis, 80, 83-84
long head of the biceps, 84-85
pectoralis major, 80, 81-83
pectoralis minor, 80, 83
short head of the biceps, 84
sternocleidomastoid, 80-81

characteristics of function of, 48t
crossing and overlapping of muscles, 50, 73-75
posterior scapular layer, 64-75

conjoint tendons of the rotator cuff, 70, 72f
deltoid, 25t, 64, 71-73, 74, 75f
exercises for, 74t
hanger muscles, 74-75, 78f
infraspinatus, 62f, 65-67, 68f, 70, 71f, 72f
long head of the triceps, 64, 73-75
supraspinatus, 25t, 62f, 64, 68-71, 72f
teres minor, 25t, 62f, 64, 67-68, 69f, 70, 71f, 72f

scapular layer
levator scapula, 58-60, 64
rhomboids, major and minor, 58-59, 60-61,

62f, 64
serratus anterior, 58-59, 61-64

serape effect, 63-64
size of, 48
subscapular region, 76-80

exercises for, 80t
serratus anterior, 76-78
subscapularis, 78-80, 79f

superficial layer
latissimus dorsi, 51-53, 63
teres major, 51, 53-54
trapezius, 51, 55-58, 61

tissue disorders of, 161
Musculocutaneous nerve, 41, 42f

N
Neck disorders, passive mobilization for, 122
Neer Classification Scheme for Shoulder

Impingement, 134t, 154
Nerve root disorders, 21

neuroanatomy of, 25t
screening of, 24-25, 25t
symptoms of, 24-25

Nerve root screen, 24, 25t
Nerve tissue disorders, 161
Neuroanatomy of the shoulder, 21-45

articular neurology, 41-45
brachial plexus, 26, 28-30, 31f, 32f
cervical spine, 22-26
peripheral nerves, 28, 30, 31-35

axillary nerve, 34-35, 37t
long thoracic nerve, 33-34, 35f, 36f
spinal accessory nerve, 35, 38f, 39f
suprascapular nerve, 31-33, 34f

thoracic spine, 22-24
Neurological thoracic outlet syndrome, 37-38
Neuromuscular control, development of

plyometric exercises, 44-45
proprioceptive neuromuscular facilitation, 44, 54,

55t
Neurophysiology of the shoulder

brachial plexus, 30-31
joint stability, 41, 43-44
proprioception, 41, 43
stinger injuries, 28, 29f
thoracic outlet syndrome, 35-38, 39f, 40f

Neurovascular compression syndromes, 161
Nociceptors, 21, 138
Nonsteroidal anti-inflammatory drugs (NSAIDS), 168
NSAIDS. See nonsteroidal anti-inflammatory drugs

(NSAIDS).
Numbness/paresthesias, 136-137

O
Objectives of treatment, 166-173

application of controlled forces, 161-162, 169-171
biomechanical counseling, 167-168
enhancement of neuromuscular health, 161, 

172-173
enhancement of performance, 172-173
pain modulation, 161, 168-169
patient education, 167-168
promotion of analgesia, 168-169
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Obligate translation of the glenohumeral joint
capsule, 107

Occupational disorders, 1-2, 6
biomechanics of repetitive loading, 12-13, 13f
examination of, 133-136
incidence of, 1
overuse syndromes, 135-136
repetitive strain syndrome, 161
risk of, 2
symptoms of, 1
work environments associated with, 1-2

Osacromiale, 93
Outcome predictions, 167

P
Pacinian nerve endings, 41
Pain, 136-138, 168

barrier positions, 162-163
bilateral, 133
Blazina classification of pain, 139t
of cervical nerve root etiology, 137, 138t
discogenic, 26
examination of, 142-143, 144f, 146
instability and, 137-138
location of, 137-138
medications for, 168
modulation of, during treatment, 168-169
from nerve root irritation, 24-25
patient’s interpretations of, 138-139
referred, 25-26, 27t, 129, 133, 137, 163
role of, in treatment, 165-166
sleep and, 138-139
sources of, 129-130
tolerance of, 168

Passive joint mobilization, 95, 122. See also joint
mobilization.

Patient education, 161, 163, 167-168
Pectoralis major, 25t, 75f, 81-83, 87

counterbalancing role of, 78f
crossing relationships of, 74-75, 82f, 83
hanger function of, 78f
scapulothoracic interface, 123
tendons of, 49

Pectoralis minor, 25t, 122
Pelvic floor muscles, 86f
Peripheral nerve injuries, 21, 137

of the axillary nerve, 34-35, 37t
of the brachial plexus, 31-35
of the long thoracic nerve, 33-34, 35f, 36f
of the spinal accessory nerve, 35, 38f, 39f
of the suprascapular nerve, 31-33, 34f

Phonophoresis, 214
Physical examination of the shoulder, 140-158. See

also evaluation of the shoulder.
assessment of active motion, 141-145
assessment of connective tissue laxity, 155
impingement tests, 153-155
joint play and stability, 132, 156-158
neural conduction problems, 153
observation and inspection, 140-141
palpation, 146-150
passive motion and provocation, 145-146
physiological motion testing, 155-156
radiography and arthroscopy, 158
resisted tests, 150-153
sequence of, 140t, 141t, 146t, 155t
standing position, 140t, 141

Plyometric exercises, 44-45, 219
PNF. See proprioceptive neuromuscular facilitation

(PNF).
Posterior humeral artery, 77f
Posterior scapular muscles, 64-75

conjoint tendons of the rotator cuff, 70, 72f
deltoid, 25t, 64, 71-73, 74, 75f
exercises for, 74t
hanger muscles, 74-75, 78f
infraspinatus, 62f, 65-67, 71f, 72f
long head of the triceps, 64, 73-75
supraspinatus, 25t, 62f, 64, 68-71, 71f, 72f
teres minor, 25t, 62f, 64, 67-68, 69f, 70, 

71f, 72f
Postsurgical rehabilitation, 169, 216-218, 220-221
Postural mechanics

antigravity forces and, 59-60, 64, 65f
of humeral function, 60, 65f
kyphosis and, 135-136
long thoracic nerve injury and, 34
serape effect and, 63-64
sternocleidomastoid alignment and, 81
thoracic outlet syndrome and, 37

Power, 172
Prone lying forward humeral elevation exercise, 177
Prone lying humeral abduction exercise, 176
Prone lying humeral extension and scapular

retraction with elbow flexion exercise, 175
Prone lying humeral extension with external

rotation exercise, 180
Prone lying humeral extension with internal

rotation exercise, 179
Prone lying resisted scaption exercise, 178
Prone lying scapular retraction exercise, 175
Proprioception of the shoulder, 41, 43
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Proprioceptive neuromuscular facilitation (PNF), 44,
54, 55t

Proteoglycan, 8-10, 9f
Pulling, scapular stability in, 123, 124f
Pull-up, gravity assisted, 189
Pushing, scapular protraction in, 77-78
Pushing exercises, 77-78
Push-ups, 206

posterior shear force in, 4, 5f
scapular position in, 95

Q
Questionnaire for patient history, 133t

R
Range of a muscular contraction, 48
Rectus abdominis, 86-87, 86f
Referred pain, 163

in capsulitis, 137
from the cervical spine, 25-26, 27t
from visceral structures, 26, 129, 133

Reflex responses, generation of, 43
Rehabilitation. See treatment of mechanical

shoulder injuries.
Relocation test, 157
Repetitive loading of connective tissue, 12-13, 13f
Repetitive strain syndrome, 161. See also

occupational disorders.
Resisted exercise, 172-173
Resisted functional training, one-handed diagonal

with full movement, 213
Resisted functional training, one-handed diagonal

with isolated movement, 212
Resisted functional training, two-handed straight

on, 211
Resting tension of the shoulder, 43-44
Reticulin fiber, 8
Rheumatoid arthritis, 102-103
Rheumatoid disease, 133
Rhomboids, major and minor, 25t, 58-59, 60-61, 62f

crossing relationships of, 50t
scapulothoracic interface, 122
serape effect, 64
stability of the scapula, 124f
strengthening exercises for, 62t
treatment of, 216

Ribs, 7t
Role of pain, 165-166
Rotation of the shoulder, 144-145

external, 10
limitations of, 103-104

Rotator cuff
articular surface of, 108
bursal surface of, 108
conjoint tendon of, 70, 72f
contact relationships of, 92
examination of, 151-153
interval, 17, 18f
joint capsule of, 3-4, 103
proprioception, 41, 43
strengthening of, 71
suprahumeral-subacromial interface of, 107-110

Rotator cuff injuries, 2-3, 17, 17f
age factors, 70, 71, 134
aggravating factors in, 138
compromise of the subacromial space in, 112t
degenerative processes of, 108-110
effects of repetitive stress on, 13-14
external impingement and, 153-154
impingement tests for, 112-114
location of, 73f
long head of the biceps tendon in, 85
osacromiale, 93
postsurgical rehabilitation of, 216-218
resulting in impingement syndrome, 70
scapular pain in, 59-60
shear forces, 50
size of, 74f
tears, 70, 71, 73f, 74f, 161
treatments for, 13, 74t, 122, 215-216

Ruff ini nerve endings, 41

S
Scapula, 7t, 64, 93, 96f. See also acromion; posterior

scapular muscles.
bursa of, 76
compression of, 51-52
elevation of, 95
examination of, 143-145
glenoid cavity of, 93-97
in impingement syndromes, 64
mobility of, 66f
motions of, 121-123
musculature of

levator scapula, 59-60, 64
rhomboids, major and minor, 58-59, 60-61,

62f, 64
serratus anterior, 58-59, 61-64

ossification centers in, 93
position of, in push-ups, 95
role of acromioclavicular joint movement on, 58
role of sternoclavicular joint movement on, 58
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Scapula (Continued )
role of the trapezius muscle on, 55-58
serape effect, 63-64, 77
snapping scapula syndrome, 121
stabilization of, 123, 124f
subluxation or dislocation of, 34f
tendinous tissue attachments of, 62f
treatments of, 95, 122, 123f, 170f, 216
“winging,” 34, 37f

Scapular circumflex artery, 77f
Scapulohumeral rhythm, 64, 122
Scapulothoracic interface, 119-124

bursa of, 121
joint stability of, 47
Kibler lateral slide test of, 120-121
mobilization of, 123f
treatments of, 170f, 216

Seated diagonal low row, bilateral, 204
Seated dumbbell curls, 204
Seated forward elevation and upward rotation of

the scapula exercise, 182
Seated humeral forward elevation exercise, 181
Seated row, high range with no spinal motion, 184
Seated row, high range with trunk flexed, 186
Seated row, midrange with trunk flexed, 185
Seated scapular elevation and retraction with

dumbbells, 181
Seated scapular elevation and retraction with

humeral abduction and external rotation using
dumbbells, 183

Serape effect, 63-64, 77
Serratus anterior, 25t, 58-59, 61-64, 76-78, 80t, 85

attachments to the latissimus dorsi, 51-52, 62
crossing relationships of, 50t, 52-53
in impingement syndromes, 95
in pushing exercises, 77-78
scapulothoracic interface of, 121, 122
serape effect, 63-64, 77
stability of the scapula and, 124f
treatments of, 62t, 216
upward rotation of, 77-78

Serratus posterior, 121
Serratus posterior superior, 76
Shear forces, 49-50, 130-131, 146
Short head of the biceps, 72, 84

crossing relationships of, 73-74, 77f
suprahumeral-subacromial interface and, 107-108
tendon of, 17

Shoulder Pain and Disability Index (SPADI), 
139-140

Simple Shoulder Test (SST), 139

Single armed dumbbell row, 183
SLAP. See superior labrum anterior to posterior

(SLAP) lesions.
Sleep and pain, 138-139
Small subclavian nerve, 41, 42f
Snapping scapula syndrome, 121
Soft tissue injuries. See connective (soft) tissue

injuries.
Soft tissue techniques, 168f
Specialized connective tissue, 6-8, 7f

biomechanics of, 10-14
disorders of, 10-14

Speed’s test, 152f, 153
Spinal accessory nerve (cranial nerve XI), 35, 38f,

39f
Splints, 171
Sports injuries, 2, 6

Bankart lesion in, 99, 100-101f
in contact sports, 134, 136, 137f
examination of, 133-136
injuries to the brachial plexus in, 28, 29f
internal impingements in, 114
repetitive loading in, 12-13
rotator cuff tendon failure in, 13-14
stinger injuries in, 28, 29f
from stretching, 34
subluxation, 134
superior labrum anterior to posterior (SLAP)

lesions, 99, 101-102
from swimming, 134
tendonitis, 152f, 153
from tennis, 134
from throwing, 67, 85, 99, 100-101f, 101, 134,

135t
from weight lifting, 134-135

Stability of the shoulder, 41, 43-44, 47, 50, 132. See
also instability of the shoulder.

acromioclavicular joint, 55
examination of, 156-158
role of the glenoid labrum, 97-98
role of the joint capsule, 103

Standing diagonal low row, bilateral, 203
Standing high row, low range, 191
Standing high row, midrange, 190
Standing humeral abduction, external rotation, 202
Standing low row, high range, 199
Standing low row, midrange, 200
Standing low row, scapular elevation, 201
Standing mid-row, high range, 194
Standing mid-row, low range, 195
Standing mid-row, midrange, 193

232 INDEX

W9272-Index.qxd  8/20/03  7:18 PM  Page 232



Standing one-armed punch, 198
Standing one-armed diagonal high row with

external rotation, 193
Standing one-armed diagonal low row, 202
Standing one-armed diagonal mid-row with

increased trunk motion, 197
Standing one-armed mid-row, midrange with

external rotation, 196
Standing two-handed diagonal high row, 192
Sternoclavicular disc, 7t
Sternoclavicular joint, 41, 123-124, 125f

capsular ligament of, 124, 126f
capsule of, 7t
examination of, 157-158
injuries to, 15-16, 15f
role of, 58
stability of, 124, 126f

Sternoclavicular ligament, 81f
Sternocleidomastoid, 80-81
Sternum, 7t
Steroids, 168
Stimulation of fluid dynamics, 169
Stinger injuries to the brachial plexus, 28, 29f
Strength training, 4, 172-173
Stress and strain on connective tissue, 10-12
Stretching of connective tissue, 10
Structure of muscles. See muscle tissue.
Subacromial bursa, 149-150
Subacromial debridement, rehabilitation of, 216-218
Subacromial-suprahumeral interface, 107-114

clinical examples of, 214-216
compromise of the subacromial space, 112t

Subclavian nerve, 41, 42f
Subclavian vasculature, thoracic outlet syndrome in,

36, 39f
Subclavian veins and thoracic outlet syndrome, 39f
Subclavius, 81, 81f
Subluxation of the humeral head, 4, 6, 99

association with impingement syndrome, 218
clinical examples of, 218-219
from falls, 136
internal impingement syndromes, 154-155
loss of triceps muscle function and, 74
passive restraints to, 66
superior labrum anterior to posterior (SLAP)

lesions, 99, 101
Subscapularis, 25t, 70, 72f, 75f, 78-80

counterbalancing role of, 79-80
crossing relationships of, 50t, 73, 77f
in rotator cuff tears, 74f
scapulothoracic interface, 121

Subscapularis (Continued )
support of the joint capsule, 103
treatment of, 215

Subscapular musculature, 76-80
exercises for, 80t
serratus anterior, 76-78
subscapularis, 77-78, 78-80

Subscapular nerve, 41, 42f
Sulcus test, 146, 147f
Superficial musculature

elevation of the humerus and, 58
latissimus dorsi, 51-53
strengthening exercises for, 55t
teres major, 51, 53-54
trapezius, 51, 55-58
treatment of, 54, 55t

Superior glenohumeral ligament, 105
Superior labrum anterior to posterior (SLAP)

lesions, 85, 99, 101-102, 152f, 153
Supine flys, 205
Supine lying resisted humeral extension, 207
Supine lying resisted humeral extension, combined,

208
Supine lying resisted push, 210
Supine lying scapular protraction, isolated, 209
Supraclavicular nerve, 41, 42f
Supraclavicular region, 28
Suprahumeral space, 93, 149-150
Suprahumeral-subacromial interface, 107-114
Suprascapular artery, 31, 33f
Suprascapular nerve, 31-33, 41, 42f

examination of, 32-33
injuries to, 32-33, 34f

Supraspinatus, 25t, 31, 62f, 64, 68-71, 72f
conjoint tendon of, 49
examination of, 149-150
hanger function of, 78f
role of, 67-69, 78f, 103
in rotator cuff injuries, 74f, 110
strengthening of, 70
treatment of, 215
weakness of, 33-34

Surgical treatments
arthroscopic debridements, 217
inferior capsular shift procedure, 137
for instability, 219-221
open repairs, 217-218
postsurgical rehabilitation of, 169, 216-218, 220-

221
variability of, 162, 216

Swimming, 134
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Synchronous relationships, scapulohumeral rhythm
in, 64, 122

Synovial lining, 7t, 102-104

T
Taping, 171
Tendonitis, 161
Tendon tissue, 70
Tension, examination of, 130-131, 146
Teres major, 51, 53-54

action on the humerus of, 54
counterbalancing role of, 78f
crossing relationships of, 50t, 77f
examination of, 54
intersection with the long head of the triceps, 73
strengthening exercises for, 55t

Teres minor, 25t, 62f, 64, 67-68, 69f, 70, 71f, 75f,
77f

conjoint tendon of, 49
counterbalancing role of, 78f
intersection with the long head of the triceps, 73
support of the joint capsule, 103
treatment of, 216

Therapeutic relationships with patients, 132-133
Thermal modalities, 168-169
Thoracic outlet syndrome, 35-38, 39f, 40f

anatomy of, 36-37, 40f
examination of, 37-38, 40f
treatment of, 38

Thoracic spine, 22-24
Thorax. See scapulothoracic interface.
Torque, 49
Total joint arthroplasty, 161
Transverse humeral ligament, 7t
Transverse scapular ligament, 7t
Transversus abdominis, 86-87
Trapezius, 25t, 51, 55-58, 61

crossing relationships of, 50t
in impingement syndromes, 58, 64
scapulothoracic interface of, 122
stability of the scapula and, 124f
strengthening exercises for, 55t, 58
treatment of, 58, 216

Trapezius aponeurosis, 55
Traumatic Unilateral Bankart Surgery (TUBS), 99,

137
Treatment of mechanical shoulder injuries, 4. See

also clinical examples; surgical treatments.
barrier positions in, 162-163
closed kinetic chain for, 95
controlled loading in, 12-13, 162

Treatment of mechanical shoulder injuries (Continued )
development of neuromuscular control in, 44
electrical modalities in, 168-169
establishing joint stability in, 43-44
exercises, 173-213

crossing relationships, 173-174
dumbbell curls, 204
functional strengthening, 190-204
pull-downs and pull-ups, 187-189
pushing, 205-210
rowing, 183-186
seated resistance and stabilization, 172-173,

181-183
sensorimotor integration and speed, 211-213
strengthening from the prone position, 175-180

increase of afferent input in, 169
intent of, 163-165, 221

maintenance of function, 161-162, 164
optimization of the healing environment, 164
prevention of further injury, 164-165
restoration of anatomical relationships, 164

iontophoresis in, 214
joint mobilization techniques in, 169, 171f
manual techniques in, 169, 171
medication use in, 168
modification of connective tissue in, 169
modulation of pain in, 168-169
modulation of resting state of muscle contractions

in, 169
objectives of, 166-173

application of controlled forces, 161-162, 169-
171

biomechanical counseling, 167-168
enhancement of neuromuscular health, 161,

172-173
enhancement of performance, 172-173
pain modulation, 161, 168-169
patient education, 167-168
promotion of analgesia, 168-169

outcome predictions in, 167
patient education, 163, 167-168
patient education in, 161
phonophoresis in, 214
plyometric exercises in, 44-45, 219
postsurgical rehabilitation in, 169, 216-218, 220-

221
postural components of, 60
proprioceptive neuromuscular facilitation in, 44,

54, 55t
pushing exercises in, 77-78
role of pain in, 165-166
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Treatment of mechanical shoulder injuries (Continued )
soft tissue techniques for, 169, 170f
splints for, 171
stimulation of fluid dynamics in, 169
strengthening in, 172-173
taping in, 171
thermal modalities in, 168-169
weight training in, 172-173

Triceps, 25t. See also long head of the triceps.
crossing relationships of, 50t
hanger function of, 78f

Tropocollagen, 8, 9f
TUBS. See Traumatic Unilateral Bankart Surgery

(TUBS).

U
Upward rotation of the humerus, treatment of, 

77-78

Upward rotation of the scapula, treatment of, 209
US Bureau of Labor, incidence of occupational

cervicobrachial disorders, 1

V
Vascular thoracic outlet syndrome, 37-38
Visceral structures, 26, 129, 133

W
Weight training, 172-173
Wilk, K. E., 44
Winging scapula, 34, 37f
Work-related injuries. See occupational disorders.
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