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The shoulder complex is the functional unit that results in movement of the arm with

respect to the trunk. This unit consists of the clavicle, scapula, and humerus; the ar-

ticulations linking them; and the muscles that move them. These structures are so

functionally interrelated to one another that studying their individual functions 

is almost impossible. However, a careful study of the structures that compose the

shoulder unit reveals an elegantly simple system of bones, joints, and muscles that

together allow the shoulder an almost infinite number of movements (Figure). An

important source of patients’ complaints of pain and dysfunction at the shoulder

complex is an interruption of the normal coordination of these interdependent

structures.

The primary function of the shoulder complex is to position the upper extremity in

space to allow the hand to perform its tasks. The wonder of the shoulder complex

is the spectrum of positions that it can achieve; yet this very mobility is the source

of great risk to the shoulder complex as well. Joint instability is another important
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source of patients’ complaints of shoulder dysfunction. Thus an understanding of the

function and dysfunction of the shoulder complex requires an understanding of the

coordinated interplay among the individual components of the shoulder complex as

well as an appreciation of the structural compromises found in the shoulder that

allow tremendous mobility yet provide sufficient stability.

This three-chapter unit on the shoulder complex describes the structure of the shoul-

der complex and its implications for function and dysfunction. The purposes of this

unit are to

■ Provide the clinician with an understanding of the morphology of

the individual components of the complex

■ Identify the functional relationships among the individual

components

■ Discuss how the structures of the shoulder complex contribute to

mobility and stability

■ Provide insight into the stresses that the shoulder complex sustains

during daily activity

The unit is divided into three chapters. The first chapter presents the bony structures

making up the shoulder complex and the articulations that join them. The second

chapter presents the muscles of the shoulders and their contributions to function and

dysfunction. The third chapter investigates the loads to which the shoulder complex

and its individual components are subjected during daily activity.
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This chapter describes the structure of the bones and joints of the shoulder complex as it

relates to the function of the shoulder. The specific purposes of this chapter are to

■ Describe the structures of the individual bones that constitute the shoulder complex

■ Describe the articulations joining the bony elements

■ Discuss the factors contributing to stability and instability at each joint

■ Discuss the relative contributions of each articulation to the overall motion of the

shoulder complex

■ Review the literature’s description of normal range of motion (ROM) of the shoulder

■ Discuss the implications of abnormal motion at an individual articulation to the

overall motion of the shoulder complex.
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STRUCTURE OF THE BONES OF
THE SHOULDER COMPLEX

The shoulder complex consists of three individual bones: the
clavicle, the scapula, and the humerus. Each of these bones
is discussed in detail below. However, the complex itself is
connected to the axioskeleton via the sternum and rests on
the thorax, whose shape exerts some influence on the func-
tion of the entire complex. Therefore, a brief discussion of
the sternum and the shape of the thorax as it relates to the
shoulder complex is also presented.

Clavicle
The clavicle functions like a strut to hold the shoulder com-
plex and, indeed, the entire upper extremity suspended on
the axioskeleton [73]. Other functions attributed to the clav-
icle are to provide a site for muscle attachment, to protect
underlying nerves and blood vessels, to contribute to in-
creased ROM of the shoulder, and to help transmit muscle
force to the scapula [48,58]. This section describes the details
of the clavicle that contribute to its ability to perform each of
these functions. How these characteristics contribute to the
functions of the clavicle and how they are implicated in in-
juries to the clavicle are discussed in later sections of this
chapter.

The clavicle lies with its long axis close to the transverse
plane. It is a crank-shaped bone when viewed from above,
with its medial two thirds convex anteriorly, approximately
conforming to the anterior thorax, and its lateral one third
convex posteriorly (Fig. 8.1). The functional significance of
this unusual shape becomes apparent in the discussion of
overall shoulder motion.

The superior surface of the clavicle is smooth and readily
palpated under the skin. Anteriorly, the surface is roughened
by the attachments of the pectoralis major medially and the
deltoid laterally. The posterior surface is roughened on the
lateral one third by the attachment of the upper trapezius.
Inferiorly, the surface is roughened medially by attachments
of the costoclavicular ligament and the subclavius muscle and
laterally by the coracoclavicular ligament. The latter produces
two prominent markings on the inferior surface of the lateral
aspect of the clavicle, the conoid tubercle and, lateral to it,
the trapezoid line.

The medial and lateral ends of the clavicle provide artic-
ular surfaces for the sternum and acromion, respectively. The
medial aspect of the clavicle expands to form the head of the
clavicle. The medial surface of this expansion articulates with
the sternum and intervening articular disc, or meniscus, as
well as with the first costal cartilage. The articular surface of
the clavicular head is concave in the anterior posterior direc-
tion and slightly convex in the superior inferior direction
[80,87]. Unlike most synovial joints, the articular surface of
the clavicle is covered by thick fibrocartilage. The lateral one

third of the clavicle is flattened with respect to the other two
thirds and ends in a broad flat expansion that articulates with
the acromion at the acromioclavicular joint. The actual artic-
ular surface is a small facet facing inferiorly and laterally.
It too is covered by fibrocartilage rather than hyaline carti-
lage. The medial and lateral aspects of the clavicle are easily
palpated.

Scapula
The scapula is a flat bone whose primary function is to pro-
vide a site for muscle attachment for the shoulder. A total of
15 major muscles acting at the shoulder attach to the scapula
[53,87]. In quadrupedal animals, the scapula is long and thin
and rests on the lateral aspect of the thorax. In primates, there
is a gradual mediolateral expansion of the bone along with a
gradual migration from a position lateral on the thorax to a
more posterior location (Fig. 8.2). The mediolateral expan-
sion is largely the result of an increased infraspinous fossa and
costal surface that provide attachment for three of the four
rotator cuff muscles as well as several other muscles of the
shoulder [37,72]. These changes in structure and location of
the scapula reflect the gradual change in the function of the
upper extremity from its weight-bearing function to one of
reaching and grasping. These alterations in function require
a change in the role of muscles that now must position and
support a scapula and glenohumeral joint that are no longer
primarily weight bearing and are free to move through a much
larger excursion.
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BA
Figure 8.2: Location of the scapula. A. In humans the scapula is located more posteriorly. B. The scapula is located on the lateral
aspect of the thorax in quadrupedal animals.

The scapula has two surfaces, its costal, or anterior, sur-
face and the dorsal, or posterior surface (Fig. 8.3). The costal
surface is generally smooth and provides proximal attachment
for the subscapularis muscle. Along the medial border of the
anterior surface a smooth narrow surface gives rise to the ser-
ratus anterior muscle.

The dorsal surface of the scapula is divided into two re-
gions by the spine of the scapula, a small superior space called
the supraspinous fossa and a large inferior space known as
the infraspinous fossa. The spine is a large dorsally protrud-
ing ridge of bone that runs from the medial border of the
scapula laterally and superiorly across the width of the scapula.
The spine ends in a large, flat surface that projects laterally,
anteriorly, and somewhat superiorly. This process is known as
the acromion process. The acromion provides a roof over the
head of the humerus. The acromion has an articular facet for
the clavicle on the anterior aspect of its medial surface. Like
the clavicular surface with which it articulates, this articular
surface is covered by fibrocartilage rather than hyaline carti-

lage. This facet faces medially and somewhat superiorly. The
acromion is generally described as flat. However Bigliani et
al. describe various shapes of the acromion including flat,
rounded, and hooked processes [4]. These authors suggest
that the hooked variety of acromion process may contribute
to shoulder impingement syndromes. Additional factors con-
tributing to impingement syndromes are discussed through-
out this chapter.

The scapula has three borders: the medial or vertebral bor-
der, the lateral or axillary border, and the superior border. The
medial border is easily palpated along its length from inferior
to superior. The medial border bends anteriorly from the root
of the spine to the superior angle, thus conforming to the con-
tours of the underlying thorax. It joins the superior border at
the superior angle of the scapula that can be palpated only in
individuals with small, or atrophied, muscles covering the su-
perior angle, particularly the trapezius and levator scapulae.

Projecting from the anterior surface of the superior border
of the scapula is the coracoid process, a fingerlike projection
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protruding superiorly then anteriorly and laterally from
the scapula. It is located approximately two thirds of the
width of the scapula from its medial border. The coracoid
process is readily palpated inferior to the lateral one third of
the clavicle on the anterior aspect of the trunk. Just medial
to the base of the coracoid process on the superior border is
the supraspinous notch through which travels the supras-
capular nerve.

The medial border of the scapula joins the lateral border
at the inferior angle, an important and easily identified land-
mark. The lateral border of the scapula is palpable along its
inferior portion until it is covered by the teres major, teres
minor, and latissimus dorsi muscles. The lateral border con-
tinues superiorly and joins the superior border at the ante-
rior angle or head and neck of the scapula. The head gives
rise to the glenoid fossa that provides the scapula’s articular
surface for the glenohumeral joint. The fossa is somewhat nar-
row superiorly and widens inferiorly resulting in a “pear-
shaped” appearance. The depth of the fossa is increased by
the surrounding fibrocartilaginous labrum. Superior and in-
ferior to the fossa are the supraglenoid and infraglenoid
tubercles, respectively.

The orientation of the glenoid fossa itself is somewhat con-
troversial. Its orientation is described as

• Lateral [2]
• Superior [2]
• Inferior [69]
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• Anterior [2,73]
• Retroverted [74]

Only the lateral orientation of the glenoid fossa appears un-
contested. Although the differences in the literature may re-
flect real differences in measurement or in the populations
studied, at least some of the variation is due to differences in
reference frames used by the various investigators to describe
the scapula’s position. The reference frames used include one
imbedded in the scapula itself and one imbedded in the whole
body. The scapula-fixed reference frame allows comparison
of the position of one bony landmark of the scapula to an-
other landmark on the scapula. The latter body-fixed refer-
ence frame allows comparison of the position of a scapular
landmark to other regions of the body.

To understand the controversies regarding the orientation
of the glenoid fossa, it is useful to first consider the orienta-
tion of the scapula as a whole. Using a body-fixed reference
frame, the normal resting position of the scapula can be de-
scribed in relationship to the sagittal, frontal, and transverse
planes. In a transverse plane view the scapula is rotated an-
teriorly about a vertical axis. The plane of the scapula is ori-
ented approximately 30–45� from the frontal plane (Fig. 8.4)
[42,75]. This position directs the glenoid anteriorly with
respect to the body. However, a scapula-fixed reference frame
reveals that the glenoid fossa is retroverted, or rotated pos-
teriorly, with respect to the neck of the scapula [13,74]. Thus
the glenoid fossa is directed anteriorly (with respect to the
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body) and at the same time is retroverted (with respect to the
scapula).

Rotation of the scapula in the frontal plane about a body-
fixed anterior–posterior (AP) axis is also described (Fig. 8.5).
This frontal plane rotation of the scapula is described by either
the upward or downward orientation of the glenoid fossa or
by the medial or lateral location of the scapula’s inferior an-
gle [2,22,69]. A rotation about this AP axis that tips the gle-
noid fossa inferiorly, moving the inferior angle of the scapula
medially (i.e., closer to the vertebral column), is described as
downward or medial rotation of the scapula. A rotation
that tilts the glenoid fossa upward, moving the inferior angle
laterally away from the vertebral column is upward or lat-
eral rotation. Two investigations report that the glenoid fossa
is upwardly inclined in quiet standing [2,55]. Two other stud-
ies report a downward inclination of approximately 5� [22,69].
The posture of the studies’ subjects may help to explain these
reported differences. Perhaps subjects who demonstrate an
upward inclination are instructed to pull their shoulders back
into an “erect” posture while those who have a downward in-
clination of the glenoid fossa have slightly drooping shoulders
(Fig. 8.6). A final determination of the normal orientation of
the scapulae in the frontal plane requires an accepted defi-
nition of normal postural alignment of the shoulder. That
definition unfortunately is presently lacking. Therefore, the
controversy regarding the orientation of the scapula and its
glenoid fossa in the frontal plane continues.

Viewed sagittally, the scapula tilts forward from the frontal
plane approximately 10� about a medial lateral axis (Fig. 8.7)
[16]. This forward tilting is partly the result of the scapula’s

position on the superior thorax, which tapers toward its apex.
Additional forward tilt of the scapula causes the inferior angle
of the scapula to protrude from the thorax.

CLINICAL RELEVANCE: SCAPULAR POSITION IN
SHOULDER DYSFUNCTION
Abnormal scapular positions have been implicated in several
forms of shoulder dysfunction. Abnormal orientation of the
glenoid fossa has been associated with instability of the
glenohumeral joint [2,74]. In addition, excessive anterior
tilting is found in individuals with shoulder impingement
syndromes during active shoulder abduction [55]. Careful
evaluation of scapular position is an essential component
of a thorough examination of patients with shoulder dys-
function.

Proximal Humerus
The humerus is a long bone composed of a head, neck, and
body, or shaft. The body ends distally in the capitulum and
trochlea. This chapter presents only those portions of the
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Figure 8.5: Scapular rotation. Rotation of the scapula about an
anterior–posterior (AP) axis causes the glenoid fossa to face
upward or downward.
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humerus that are relevant to a discussion of the mechanics
and pathomechanics of the shoulder complex. The rest of the
humerus is discussed in Chapter 11 with the elbow. The
articular surface of the head of the humerus is most often
described as approximately half of an almost perfect sphere
(Fig. 8.8) [36,77,85,87]. The humeral head projects medially,
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Figure 8.6: Postural changes of the scapula. A. This individual is standing with drooping, or rounded, shoulders, and
the scapulae are rotated so that the glenoid fossa tilts downward. B. This individual stands with the shoulders pulled
back and the scapulae tilted upward.

Figure 8.7: Scapular rotation. Rotation of the scapula about a
ML axis tilts the scapula anteriorly and posteriorly.
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Figure 8.8: Proximal humerus. A. Anterior view. B. Posterior view.
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superiorly, and posteriorly with respect to the plane formed
by the medial and lateral condyles (Fig. 8.9) [37]. The humeral
head ends in the anatomical neck marking the end of the
articular surface.

On the lateral aspect of the proximal humerus is the greater
tubercle, a large bony prominence that is easily palpated on
the lateral aspect of the shoulder complex. The greater tu-
bercle is marked by three distinct facets on its superior and
posterior surfaces. These facets give rise from superior to pos-
terior to the supraspinatus, infraspinatus, and teres minor
muscles, respectively. On the anterior aspect of the proximal
humerus is a smaller but still prominent bony projection, the
lesser tubercle. It too has a facet that provides attachment for
the remaining rotator cuff muscle, the subscapularis. Sepa-
rating the tubercles is the intertubercular, or bicipital, groove
containing the tendon of the long head of the biceps brachii.
The greater and lesser tubercles continue onto the body of
the humerus as the medial and lateral lips of the groove. The

surgical neck is a slight narrowing of the shaft of the humerus
just distal to the tubercles.

CLINICAL RELEVANCE: THE DEPTH OF
THE BICIPITAL GROOVE
The depth of the bicipital groove varies. A shallow groove
appears to be a contributing factor in dislocations of the
biceps tendon [51,53].

Approximately midway distally on the body of the humerus
is the deltoid tuberosity on the anterolateral surface. It pro-
vides the distal attachment for the deltoid muscle. The spiral
groove is another important landmark on the body of the
humerus. It is found on the proximal half of the humerus,
spiraling from proximal to distal and medial to lateral on the
posterior surface. The radial nerve travels in the spiral groove
along with the profunda brachii vessels. The radial nerve is
particularly susceptible to injury as it lies in the spiral groove.

Sternum and Thorax
Although the sternum and thorax are not part of the shoul-
der complex, both are intimately related to the shoulder;
therefore, a brief description of their structure as it relates to
the shoulder complex is required. Both the sternum and tho-
rax are covered in greater detail in Chapter 29. The superior
portion of the sternum, the manubrium, provides an articu-
lar surface for the proximal end of each clavicle (Fig. 8.10).

Part II  | KINESIOLOGY OF THE UPPER EXTREMITY

Medial epicondyle

Greater
tubercle

Lateral epicondyle

Lesser
tubercle

Lateral

Medial-lateral 
axis of distal 
humerus

A

B

Humeral head

Anterior

Figure 8.9: Orientation of the head of the humerus. A. In the
transverse plane, the humeral head is rotated posteriorly with
respect to the condyles of the distal humerus. B. In the frontal
plane the head of the humerus is angled medially and superiorly
with respect to the shaft of the humerus.

Left
clavicle

Sternum

Manubrium

1st rib

Right clavicle

Figure 8.10: The sternum’s articular surface. The sternum
provides a shallow articular surface for the head of the clavicle.



119

The articular surface is a shallow depression called the clav-
icular notch covered with fibrocartilage like the clavicular
head with which it articulates. Each notch provides consid-
erably less articular surface than the clavicular head that ar-
ticulates with it. The two clavicular notches are separated by
the sternal or jugular notch on the superior aspect of the
manubrium. This notch is very prominent and is a useful land-
mark for identifying the sternoclavicular joints. Another reli-
able and useful landmark is the angle formed by the junction
of the manubrium with the body of the sternum, known as
the sternal angle, or angle of Louis. This is also the site of the
attachment of the second costal cartilage to the manubrium
and body of the sternum.

The bony thorax forms the substrate on which the two
scapulae slide. Consequently, the shape of the thorax serves
as a constraint to the movements of the scapula [83]. Each
scapula rides on the superior portion of the thorax, positioned
in the upright posture approximately from the first through
the eighth ribs and from the vertebral bodies of about T2 to
T7 or T8. The medial aspect of the spine of the scapula is
typically described as in line with the spinous process of T2.
The inferior angle is usually reported to be in line with the
spinous process of T7. It is important to recognize, however,
that postural alignment of the shoulder and vertebral column
can alter these relationships significantly.

The dorsal surface of the thorax in the region of the scapu-
lae is characterized by its convex shape, known as a thoracic
kyphosis. The superior ribs are smaller than the inferior ones,
so the overall shape of the thorax can be described as ellip-
soid (Fig. 8.11) [85]. Thus as the scapula glides superiorly on

the thorax it also tilts anteriorly. An awareness of the shape
of the thorax on which the scapula glides helps to explain the
resting position of the scapula and the motions of the scapula
caused by contractions of certain muscles such as the rhom-
boids and pectoralis minor [16,45].

In conclusion, as stated at the beginning of this chapter,
the shoulder complex is an intricate arrangement of three spe-
cific bones, each of which is unique. These three bones are
also functionally and structurally related to parts of the ax-
ioskeleton (i.e., to the sternum and the thorax). A clear image
of each bone and its position relative to the others is essen-
tial to a complete and accurate physical examination. The
palpable bony landmarks relevant to the shoulder complex
are listed below:

• Sternal notch
• Sternal angle
• Second rib
• Head of the clavicle
• Sternoclavicular joint
• Superior surface of the clavicle
• Anterior surface of the clavicle
• Acromion
• Acromioclavicular joint
• Coracoid process
• Vertebral border of the scapula
• Spine of the scapula
• Inferior angle of the scapula
• Axillary border of the scapula
• Greater tubercle of the humerus
• Lesser tubercle of the humerus
• Intertubercular groove of the humerus

The following section describes the structure and mechanics
of the joints of the shoulder complex formed by these bony
components.

STRUCTURE OF THE JOINTS AND
SUPPORTING STRUCTURES OF
THE SHOULDER COMPLEX

The shoulder complex is composed of four joints:

• Sternoclavicular
• Acromioclavicular
• Scapulothoracic
• Glenohumeral

All but the scapulothoracic joint are synovial joints. The scapu-
lothoracic joint falls outside any traditional category of joint
because the moving components, the scapula and the thorax,
are not directly attached or articulated to one another and
because muscles rather than cartilage or fibrous material sep-
arate the moving components. However, it is the site of system-
atic and repeated motion between bones and thus justifiably
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Figure 8.11: Shape of the thorax. The elliptical shape of the
thorax influences the motion of the scapula.
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can be designated a joint. This section presents the struc-
ture and mechanics of each of the four joints of the shoulder
complex.

Sternoclavicular Joint
The sternoclavicular joint is described by some as a ball-and-
socket joint [73] and by others as a saddle joint [80,87]. Since
both types of joints are triaxial, there is little functional signif-
icance to the distinction. The sternoclavicular joint actually in-
cludes the clavicle, sternum, and superior aspect of the first
costal cartilage (Fig. 8.12). It is enclosed by a synovial capsule
that attaches to the sternum and clavicle just beyond the ar-
ticular surfaces. The capsule is relatively weak inferiorly but is
reinforced anteriorly, posteriorly, and superiorly by accessory
ligaments that are thickenings of the capsule itself. The ante-
rior and posterior ligaments are known as the anterior and pos-
terior sternoclavicular ligaments. These ligaments serve to
limit anterior and posterior glide of the sternoclavicular joint.
They also provide some limits to the joint’s normal transverse
plane movement, known as protraction and retraction.

The superior thickening of the joint capsule comes from
the interclavicular ligament, a thick fibrous band extending
from one sternoclavicular joint to the other and covering the
floor of the sternal notch. This ligament helps prevent supe-
rior and lateral displacements of the clavicle on the sternum.
The capsule with its ligamentous thickenings is described as
the strongest limiter of excessive motion at the sternoclavic-
ular joint [3].

The capsule and ligaments described so far are the pri-
mary limiters of anterior, posterior, and lateral movements.
However, other structures provide additional limits to medial
translation and elevation of the clavicle. As noted in the de-
scriptions of the bones, the articular surface of the clavicle is
considerably larger than the respective surface on the ster-
num. Consequently, the superior aspect of the clavicular head
projects superiorly over the sternum and is easily palpated.
This disparity between the articular surfaces results in an in-
herent joint instability that allows the clavicle to slide medi-
ally over the sternum. Such migration can be precipitated by
a medially directed force on the clavicle, such as those that
arise from a blow to, or a fall on, the shoulder (Fig. 8.13). An
intraarticular disc interposed between the clavicle and ster-
num increases the articular surface on which the clavicle
moves and also serves to block any medial movement of the
clavicle. The disc is attached inferiorly to the superior aspect
of the first costal cartilage and superiorly to the superior bor-
der of the clavicle’s articular surface dividing the joint into
two separate synovial cavities. The specific attachments of the
disc help it prevent medial migration of the clavicle over the
sternum. A blow to the lateral aspect of the shoulder applies
a medial force on the clavicle, tending to push it medially on
the sternum. The clavicle is anchored to the underlying first
costal cartilage by the intraarticular disc resisting any medial
movement of the clavicle. However a cadaver study suggests
that the disc can be torn easily from its attachment on the
costal cartilage [3]. Therefore, the magnitude of its role as a
stabilizer of the sternoclavicular joint, particularly in limiting
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Figure 8.12: The sternoclavicular joint. The supporting structures of the sternoclavicular joint
include the capsule, the intraarticular disc, the anterior and posterior sternoclavicular ligaments,
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medial translation of the clavicle on the sternum, remains un-
clear. The disc may also serve as a shock absorber between
the clavicle and sternum [46].

Another important stabilizing structure of the sternoclav-
icular joint is the costoclavicular ligament, an extracapsular
ligament lying lateral to the joint itself. It runs from the lateral
aspect of the first costal cartilage superiorly to the inferior as-
pect of the medial clavicle. Its anterior fibers run superiorly
and laterally, while the posterior fibers run superiorly and me-
dially. Consequently, this ligament provides significant limits
to medial, lateral, anterior, and posterior movements of the
clavicle as well as to elevation.

A review of the supporting structures of the sternoclavic-
ular joint reveals that despite an inherently unstable joint sur-
face, these supporting structures together limit medial, lateral,
posterior, anterior, and superior displacements of the clavicle
on the sternum. Inferior movement of the clavicle is limited
by the interclavicular ligament and by the costal cartilage
itself. Thus it is clear that the sternoclavicular joint is so
reinforced that it is quite a stable joint [61,82].

CLINICAL RELEVANCE: FRACTURE OF THE CLAVICLE
The sternoclavicular joint is so well stabilized that frac-
tures of the clavicle are considerably more common than
dislocations of the sternoclavicular joint. In fact the clavi-
cle is the bone most commonly fractured in humans [29].
Trauma to the sternoclavicular joint and clavicle most com-
monly occurs from forces applied to the upper extremity.
Although clavicular fractures are commonly believed
to occur from falls on an outstretched hand, a review of
122 cases of clavicular fractures reports that 94% of the

clavicular fracture cases (115 patients) occurred by a direct
blow to the shoulder [79]. Falls on the shoulder are a com-
mon culprit. As an individual falls from a bicycle, for exam-
ple, turning slightly to protect the face and head, the
shoulder takes the brunt of the fall. The ground exerts a
force on the lateral and superior aspect of the acromion
and clavicle. This force pushes the clavicle medially and
inferiorly [82]. However, the sternoclavicular joint is firmly
supported against such movements, so the ground reac-
tion force tends to deform the clavicle. The first costal car-
tilage inferior to the clavicle is a barrier to deformation of
the clavicle, and as a result, the clavicle is likely to fracture
(Fig. 8.14). Usually the fracture occurs in the middle or lat-
eral one third of the clavicle, the former more frequently
than the latter [29]. The exact mechanism of fracture is
unclear. Some suggest that it is a fracture resulting from
bending, while others suggest it is a direct compression
fracture [29,79]. Regardless of the mechanism, it is clear
that fractures of the clavicle are more common than ster-
noclavicular joint dislocations, partially because of the
firm stabilization provided by the disc and ligaments of
the sternoclavicular joint [14,82].

Whether regarded as a saddle or ball-and-socket joint,
motion at the sternoclavicular joint occurs about three axes,
an anterior–posterior (AP), a superior–inferior (SI), and a
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Figure 8.13: Forces that tend to move the clavicle medially.
A fall on the lateral aspect of the shoulder produces a force
on the clavicle, tending to push it medially.
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Figure 8.14: A typical way to fracture the clavicle. A fall on
the top of the shoulder produces a downward force on the
clavicle, pushing it down onto the first rib. The first rib prevents
depression of the medial aspect of the clavicle, but the force of
the fall continues to depress the lateral portion of the clavicle,
resulting in a fracture in the middle third of the clavicle.
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longitudinal axis through the length of the clavicle (Fig 8.15).
Although these axes are described as slightly oblique to the
cardinal planes of the body [80], the motions of the clavicle
take place very close to these planes. Movement about the
AP axis yields elevation and depression, which occur ap-
proximately in the frontal plane. Movements about the SI
axis are known as protraction and retraction and occur in
the transverse plane. Rotations around the longitudinal axis
are upward and downward rotation, defined by whether
the anterior surface of the clavicle turns up (upward rota-
tion) or down (downward rotation).

Although movement at the sternoclavicular joint is rota-
tional, the prominence of the clavicular head and the loca-
tion of the joint’s axes allow easy palpation of the head of the
clavicle during most of these motions. This palpation fre-
quently results in confusion for the novice clinician. Note
that retraction of the clavicle causes the head of the clavicle
to move anteriorly on the sternum as the body of the clavi-
cle rotates posteriorly (Fig. 8.16). Similarly in protraction the
clavicular head rolls posteriorly as the body moves anteriorly.
Likewise in elevation the body of the clavicle and the
acromion rise, but the head of the clavicle descends on the
sternum; depression of the sternoclavicular joint is the reverse.
These movements of the proximal and distal clavicular sur-
faces in opposite directions are consistent with rotations of
the sternoclavicular joint and are the result of the location of
the axes within the clavicle itself. The exact location of the
axes about which the movements of the sternoclavicular
joint occur are debated, but probably the axes lie somewhat
lateral to the head of the clavicle [3,71]. This location explains
the movement of the lateral and medial ends of the clavicle

in apparently opposite directions. With the axes of motion
located between the two ends of the clavicle, pure rotation
results in opposite movements of the two ends, just as the
two ends of a seesaw move in opposite directions during pure
rotation about the pivot point.

Few studies are available that investigate the available
ROM of the sternoclavicular joint. The total excursion of ele-
vation and depression is reportedly 50 to 60�, with depression
being less than 10� of the total [58,80]. Elevation is limited by
the costoclavicular ligament, and depression by the superior
portion of the capsule and the interclavicular ligament [3,80].
Some suggest that contact between the clavicle and the first
rib also limits depression of the sternoclavicular joint [71].
Facets found in some cadaver specimens between the clavicle
and first costal cartilage provide strong evidence for contact
between these structures in at least some individuals [3,71].

Protraction and retraction appear to be more equal in ex-
cursion, with a reported total excursion ranging from 30 to
60� [71,80]. Protraction is limited by the posterior stern-
oclavicular ligament limiting the backward movement of the
clavicular head and by the costoclavicular ligament limiting
the forward movement of the body of the clavicle. Retraction
is limited similarly by the anterior sternoclavicular ligament
and by the costoclavicular ligament. The interclavicular liga-
ment assists in limiting both motions [3].

Upward and downward rotations appear to be more lim-
ited than the other motions, with estimates of upward rota-
tion ROM that vary from 25 to 55� [3,37,71]. Although there
are no known studies of downward rotation ROM, it appears
to be much less than upward rotation, probably less than 10�.
Regardless of the exact amount of excursion available at the
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Figure 8.15: Axes of motion of the sternoclavicular joint.
A. Elevation and depression of the sternoclavicular joint occur
about an anterior–posterior axis. B. Protraction and retraction
of the sternoclavicular joint occur about a vertical axis.
C. Upward and downward rotation of the sternoclavicular
joint occur about a medial–lateral axis.
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Figure 8.16: Movement of the head of the clavicle. Rotation
of the sternoclavicular joint about an axis causes the head of
the clavicle to move in a direction opposite the motion of the
rest of the clavicle just as the two ends of a seesaw move in
opposite directions about a central pivot point.
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sternoclavicular joint, it is well understood that motion at
the sternoclavicular joint is intimately related to motions of
the other joints of the shoulder complex. How these motions
are related is discussed after each joint is presented.

Acromioclavicular Joint
The acromioclavicular joint is generally regarded as a gliding
joint with flat articular surfaces, although the surfaces are
sometimes described as reciprocally concave and convex
[80,87] (Fig. 8.17). Both articular surfaces are covered by
fibrocartilage rather than hyaline cartilage. The joint is sup-
ported by a capsule that is reinforced superiorly and inferi-
orly by acromioclavicular ligaments (Fig. 8.18). Although the
capsule is frequently described as weak, the acromioclavicu-
lar ligaments may provide the primary support to the joint in
instances of small displacements and low loads [23,50]. In ad-
dition, the acromioclavicular ligaments appear to provide im-
portant limitations to posterior glide of the acromioclavicular
joint regardless of the magnitude of displacement or load [23].
The inferior acromioclavicular ligament also may provide sub-
stantial resistance to excessive anterior displacement of the
clavicle on the scapula [50]. The joint also possesses an in-
traarticular meniscus that is usually less than a whole disc and
provides no known additional support.

The other major support to the acromioclavicular ligament
is the extracapsular coracoclavicular ligament that runs from
the base of the coracoid process to the inferior surface of
the clavicle. This ligament provides critical support to the
acromioclavicular joint, particularly against large excursions

and medial displacements [23,50]. It is curious that a liga-
ment that does not even cross the joint directly can be so im-
portant in providing stability. An understanding of the precise
orientation of the ligament helps explain its role in stabilizing
the joint. The ligament is composed of two parts, the conoid
ligament that runs vertically from the coracoid process to the
conoid tubercle on the clavicle and the trapezoid ligament
that runs vertically and laterally to the trapezoid line. The
vertically aligned portion, the conoid ligament, reportedly
limits excessive superior glides at the acromioclavicular joint.
The acromioclavicular ligaments purportedly limit smaller
superior displacements [23,50].

The more obliquely aligned trapezoid ligament protects
against the shearing forces that can drive the acromion infe-
riorly and medially under the clavicle. Such forces can arise
from a fall on the shoulder or a blow to the shoulder. The
shape of the articular surfaces of the acromioclavicular joint
causes it to be particularly prone to such displacements. As
stated earlier, the articular facet of the clavicle faces laterally
and inferiorly, while that of the acromion faces medially and
superiorly. These surfaces give the acromioclavicular joint a
beveled appearance that allows medial displacement of the
acromion underneath the clavicle. Medial displacement of the
acromion results in simultaneous displacement of the cora-
coid process, since it is part of the same scapula. Examina-
tion of the trapezoid ligament shows that it is aligned to block
the medial translation of the coracoid process, thus helping to
keep the clavicle with the scapula and preventing dislocation
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Figure 8.18: Acromioclavicular joint. The acromioclavicular joint
is supported by the capsule, acromioclavicular ligaments, and
the coracoclavicular ligament.
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(Fig. 8.19) [71]. Dislocation of the acromioclavicular joint can
be accompanied by disruption of the coracoclavicular ligament
and by fractures of the coracoid process.

The coracoacromial ligament is another unusual ligament
associated with the acromioclavicular joint. It is unusual be-
cause it crosses no joint. Instead it forms a roof over the gleno-
humeral joint by attaching from one landmark to another
landmark on the scapula (Fig. 8.20). This ligament provides
protection for the underlying bursa and supraspinatus tendon.
It also provides a limit to the superior gliding of the humerus
in a very unstable glenohumeral joint [53]. The coracoacro-
mial ligament also is implicated as a factor in impingement of
the structures underlying it and is thicker in some shoulders
with rotator cuff tears. The question remains whether the
thickening is a response to contact with the unstable humerus
resulting from the disrupted rotator cuff or whether the thick-
ening is itself a predisposing factor for rotator cuff tears [76].
Additional research is needed to clarify the relationship be-
tween the morphology of the coracoacromial ligament and the
integrity of the rotator cuff muscles.

Although gliding joints allow only translational movements,
many authors describe rotational movement about specific
axes of motion at the acromioclavicular joint [16,71,87]. The
axes described are vertical, AP, and medial/lateral (ML) (Fig.
8.21). The vertical axis allows motion of the scapula that brings
the scapula closer to, or farther from, the clavicle in the trans-
verse plane. Motion about the AP axis results in enlarging or
shrinking the angle formed by the clavicle and spine of the
scapula in the frontal plane. Motion about the ML axis tips
the superior border of the scapula toward the clavicle or away
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Figure 8.19: Trapezoid ligament. The trapezoid ligament helps
prevent medial displacement of the acromion under the clavicle
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Figure 8.20: Coracoacromial ligament. The coracoacromial
ligament forms a roof over the humeral head and helps
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Figure 8.21: Axes of motion of the acromioclavicular joint.
Motion about a vertical axis of the acromioclavicular joint
moves the scapula in the transverse plane. Motion about an
anterior–posterior (AP) axis turns the glenoid fossa upward and
downward. Motion about a medial–lateral (ML) axis tilts the
scapula anteriorly and posteriorly.

from it. Only one known study reports objective measurements
of the angular excursion at the acromioclavicular joint [71].
These values are based on direct measurements as well as on
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mathematical models. These data suggest that the largest ex-
cursion occurs about the vertical axis but is less than 10�. Mo-
tion about the other two axes appears to be less than 5� in each
direction. This study suggests that the primary source of scapu-
lar movement on the thorax is the sternoclavicular joint.

Viewed in the context of the shoulder complex, the acromio-
clavicular joint is responsible for maintaining articulation of
the clavicle with the scapula, even as these two bones move in
separate patterns. Whether this results in systematic rotational
motions or in a gliding reorientation of the bones is not criti-
cal to the clinician, since in either case the motions cannot be
readily measured. What is essential is the recognition that al-
though the clavicle and scapula move together, their contri-
butions to whole shoulder motion require that they also move
somewhat independently of one another. This independent
movement requires motion at the acromioclavicular joint.

Scapulothoracic Joint
The scapulothoracic joint, as stated earlier, is an atypical
joint that lacks all of the traditional characteristics of a joint
except one, motion. The primary role of this joint is to am-
plify the motion of the glenohumeral joint, thus increasing
the range and diversity of movements between the arm and

trunk. In addition, the scapulothoracic joint with its sur-
rounding musculature is described as an important shock
absorber protecting the shoulder, particularly during falls on
an outstretched arm [46].

Primary motions of the scapulothoracic joint include two
translations and two rotations (Fig. 8.22). Those motions are

• Elevation and depression
• Abduction and adduction
• Downward (medial) and upward (lateral) rotations
• Scapular tilt

Elevation is defined as the movement of the entire scapula
superiorly on the thorax. Depression is the opposite. Ab-
duction is defined as the entire medial border of the scapula
moving away from the vertebrae, and adduction as move-
ment toward the vertebrae. Abduction and adduction of the
scapulothoracic joint are occasionally referred to as protrac-
tion and retraction. However, protraction also is used by
some to refer to the combination of abduction and upward
rotation of the scapula. Others use the term protraction to
refer to a rounded shoulder posture that may include ab-
duction and downward rotation of the scapula. Therefore
to avoid confusion, this text describes scapular movements
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discretely as flexion and extension, abduction and adduction,
and upward and downward rotation. Protraction and retrac-
tion refer solely to the motions of the sternoclavicular joint
in the transverse plane.

Downward (medial) rotation of the scapula is defined
as a rotation about an AP axis resulting in downward turn of
the glenoid fossa as the inferior angle moves toward the
vertebrae. Upward (lateral) rotation is the opposite. The
location of the axis of downward and upward rotation is con-
troversial but appears to be slightly inferior to the scapular
spine, approximately equidistant from the vertebral and axil-
lary borders [83]. It is likely that the exact location varies with
ROM of the shoulder.

As the scapula translates on the thorax in elevation and de-
pression or in abduction and adduction, it tilts anteriorly and
posteriorly in response to the shape of the thorax as well. For
example, in elevation of the scapulothoracic joint, the scapula
tilts anteriorly about a medial lateral axis as it conforms to the
narrowing superior thorax (Fig. 8.23). It rotates posteriorly
about the same axis. As the scapula abducts, it also exhibits
slight medial rotation about a vertical axis as the scapula slides

toward the lateral thorax and slight lateral rotation as the
scapula slides in adduction.

The motions of the scapulothoracic joint depend upon the
motions of the sternoclavicular and acromioclavicular joints
and under normal conditions occur through movements at
both of these joints. For example, elevation of the scapu-
lothoracic joint occurs with elevation of the sternoclavicular
joint. Therefore, an important limiting factor for scapulotho-
racic elevation excursion is sternoclavicular ROM. Similarly,
limits to scapulothoracic abduction and adduction as well as
rotation include the available motions at the sternoclavicular
and acromioclavicular joints. Tightness of the muscles of the
scapulothoracic joint—particularly the trapezius, serratus an-
terior, and rhomboid muscles—may limit excursion of the
scapula. The specific effects of individual muscle tightness are
discussed in Chapter 9.

Although excursion of the scapulothoracic joint is not typ-
ically measured in the clinic and few studies exist that have
investigated the normal movement available at this joint, it is
useful to have an idea of the magnitude of excursion possible
at the scapulothoracic joint. Excursions of 2–10 cm of scapu-
lar elevation and no more than 2 cm of depression are found
in the literature [42,46]. Ranges of up to 10 cm are reported
for abduction and 4–5 cm for adduction [42,46].

Upward rotation of the scapula is more thoroughly inves-
tigated than other motions of the scapulothoracic joint. The
joint allows at least 60� of upward rotation of the scapula, but
the full excursion depends upon the sternoclavicular joint
elevation and acromioclavicular joint excursion available
[37,69]. Tightness of the muscles that downwardly rotate the
scapula may prevent or limit normal excursion of the scapula
as well. Downward rotation on the scapula, on the other hand,
is poorly studied. There are no known studies that describe
its excursion. However, downward rotation is greatly reduced
compared with upward rotation.

Glenohumeral Joint
Although the glenohumeral joint is frequently referred to as
the shoulder joint, it must be emphasized that the “shoulder”
is a composite of four joints, of which the glenohumeral joint
is only a part, albeit a very important part. The glenohumeral
joint is a classic ball-and-socket joint that is the most mobile
in the human body [17]. Yet its very mobility presents seri-
ous challenges to the joint’s inherent stability. The interplay
between stability and mobility of this joint is a major theme
that must be kept in mind to understand the mechanics and
pathomechanics of the glenohumeral joint.

The two articular surfaces, the head of the humerus and
the glenoid fossa, are both spherical (Fig. 8.24). The curve of
their surfaces is described as their radius of curvature. As
detailed in Chapter 7, the radius of curvature quantifies the
amount of curve in a surface by describing the radius of the
circle from which the surface is derived. Although the bony
surfaces of the humeral head and glenoid fossa may have
slightly different curvatures, their cartilaginous articular

Figure 8.23: Scapular motion on the elliptical thorax. The shape
of the thorax causes the scapula to tilt anteriorly as it elevates
on the thorax.
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surfaces have approximately the same radius of curvature
[36,77,85]. Because these surfaces have similar curvatures,
they fit well together; that is, there is a high degree of con-
gruence. Increased congruence spreads the loads applied to
the joint across a larger surface area and thus reduces the stress
(force/area) applied to the articular surface. However, the
amount of congruence is variable, even in healthy gleno-
humeral joints [4]. In cadavers, decreased congruence leads
to an increase in the gliding motions between the humeral
head and the glenoid fossa [4,44]. Thus decreased congruence
may be a contributing factor in glenohumeral joint instability.

Although the articular surfaces of the glenohumeral joint
are similarly curved, the actual areas of the articular surfaces
are quite different from one another. While the head of the
humerus is approximately one half of a sphere, the surface
area of the glenoid fossa is less than one half that of the
humeral head [41,48]. This disparity in articular surface sizes
has dramatic effects on both the stability and mobility of the
glenohumeral joint. First, the difference in the size of the ar-
ticular surfaces allows a large degree of mobility since there
is no bony limitation to the excursion. The size of the articu-
lar surfaces is an important factor in making the glenohumeral

joint the most mobile in the body. However, by allowing
tremendous mobility, the articular surfaces provide little or
no stability for the glenohumeral joint [53]. The stability of
the glenohumeral joint depends upon nonbony structures.

SUPPORTING STRUCTURES OF
THE GLENOHUMERAL JOINT

The supporting structures of the glenohumeral joint consist
of the

• Labrum
• Capsule
• Three glenohumeral ligaments
• Coracohumeral ligament
• Surrounding musculature

The noncontractile supporting structures of the glenohumeral
joint are discussed in this section. The role of muscles in sup-
porting the joint is discussed in Chapter 9.

The shallow glenoid fossa has already been identified
as a contributing factor in glenohumeral joint instability.
The stability is improved by deepening the fossa with the
labrum (Fig. 8.25). The labrum is a ring of fibrous tissue and
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Figure 8.24: Articular surfaces of the glenohumeral joint. The
humeral head and the glenoid fossa possess similar curvatures.
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The remaining connective tissue supporting structures of
the glenohumeral joint are known collectively as the capsu-
loligamentous complex. It consists of the joint capsule and
reinforcing ligaments. It encircles the entire joint and provides
protection against excessive rotation and translation in all di-
rections. It is important to recognize that the integrity of the
complex depends on the integrity of each of its components.

The fibrous capsule of the glenohumeral joint is inti-
mately related to the labrum. The capsule attaches distally to
the anatomical neck of the humerus and proximally to the
periphery of the glenoid fossa and/or to the labrum itself.
Inferiorly, it is quite loose, forming folds (Fig. 8.26). These
folds must open, or unfold, as the glenohumeral joint elevates
in abduction or flexion.

CLINICAL RELEVANCE: ADHESIVE CAPSULITIS
In adhesive capsulitis, fibrous adhesions form in the gleno-
humeral joint capsule, particularly in the inferior folds. The
capsule then is unable to unfold to allow full flexion or
abduction, resulting in decreased joint excursion. Onset is
frequently insidious, and the etiology is unknown.
However, the classic physical findings are severe and
painful limitations in joint ROM [27,62].

The normal capsule is quite lax and, by itself, contributes lit-
tle to the stability of the glenohumeral joint. However, it is
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fibrocartilage surrounding the periphery of the fossa, ap-
proximately doubling the depth of the articular surface of the
fossa [35,59]. Besides increasing the depth of the articular
surface, the ring increases the articular contact area, which
also decreases the stress (force/area) on the glenoid fossa. The
labrum provides these benefits while being deformable,
thereby adding little or no restriction to glenohumeral move-
ment. Magnetic resonance imaging (MRI) shows consider-
able variation in the shape of the labrum in asymptomatic
shoulders, including notches and separations, particularly in
the anterior aspect of the ring. A small percentage of indi-
viduals lack portions of the labrum [66].

Labral tears are well described in the clinical literature
[15,65]. Mechanical tests of the ring demonstrate that it is
weakest anteriorly and inferiorly, which is consistent with the
clinical finding that anterior tears are the most common [28].
However, the functional significance of a torn labrum in the
absence of other pathology remains controversial [16,65,68].
The amount of dysfunction that results from a labral tear
probably depends upon the severity of the lesion. Small tears
may have little or no effect, while large tears that extend to
other parts of the joint capsule produce significant instability.
The normal variability of the labrum in asymptomatic shoul-
ders lends strength to the concept that small isolated labral
tears do not result in significant dysfunction. However, addi-
tional studies are needed to clarify the role of labral tears in
glenohumeral dysfunction.

Figure 8.26: Glenohumeral joint capsule. A. When the shoulder is in neutral, the inferior portion of the capsule is lax and
appears folded. B. In abduction the folds of the inferior capsule are unfolded, and the capsule is pulled more taut.
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Figure 8.27: Glenohumeral joint. The glenohumeral joint capsule
is reinforced by the superior, middle, and inferior glenohumeral
ligaments. The joint is also supported by the coracohumeral
ligament.
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reinforced anteriorly by the three glenohumeral ligaments
and superiorly by the coracohumeral ligament. It also is sup-
ported anteriorly, superiorly, and posteriorly by the rotator
cuff muscles that attach to it. Only the most inferior portion
of the capsule is without additional support.

The three glenohumeral ligaments are thickenings of the
capsule itself (Fig. 8.27). The superior glenohumeral ligament
runs from the superior portion of the labrum and base of the
coracoid process to the superior aspect of the humeral neck.
The middle glenohumeral ligament has a broad attachment
on the anterior aspect of the labrum inferior to the superior
glenohumeral ligament and passes inferiorly and laterally, ex-
panding as it crosses the anterior aspect of the glenohumeral
joint. It attaches to the lesser tubercle deep to the tendon of
the subscapularis. The superior glenohumeral ligament along
with the coracohumeral ligament and the tendon of the long
head of the biceps lies in the space between the tendons of
the supraspinatus and subscapularis muscles. This space is
known as the rotator interval.

The inferior glenohumeral ligament is a thick band that
attaches to the anterior, posterior, and middle portions of the

glenoid labrum and to the inferior and medial aspects of the
neck of the humerus. The coracohumeral ligament attaches
to the lateral aspect of the base of the coracoid process and
to the greater tubercle of the humerus. It blends with the
supraspinatus tendon and with the capsule.

These reinforcing ligaments support the glenohumeral
joint by limiting excessive translation of the head of the
humerus on the glenoid fossa. Tightness of these ligaments
actually contributes to increased translation of the humeral
head in the opposite direction [31]. The coracohumeral liga-
ment provides protection against excessive posterior glides of
the humerus on the glenoid fossa [7]. All three of the gleno-
humeral ligaments help to prevent anterior displacement of
the humeral head on the glenoid fossa, especially when they
are pulled taut by lateral rotation of the glenohumeral joint.
The position of the glenohumeral joint in the frontal plane
influences what parts of these ligaments are pulled taut [17].
In neutral and in moderate abduction, the superior and
middle glenohumeral ligaments are pulled tight. However in
more abduction, the inferior glenohumeral ligament provides
most of the resistance to anterior displacement [5,34,67,70].
The three glenohumeral ligaments also limit excessive lateral
rotation of the glenohumeral joint [64].

Although the posterior capsule is reinforced passively
only by a portion of the inferior glenohumeral ligament,
it too provides resistance to excessive glide of the gleno-
humeral joint. The posterior capsule functions as a barrier
to excessive posterior glide of the humeral head. It also lim-
its excessive medial rotation of the joint. In certain positions
of the glenohumeral joint, the anterior and posterior por-
tions of the glenohumeral joint capsule are under tension
simultaneously, demonstrating how the function of the cap-
sule and its reinforcing ligaments is complex and interde-
pendent [10,81].

There are opposing views regarding the support of the
glenohumeral joint against inferior glide. The weight of the
upper extremity in upright posture promotes inferior glide of
the humeral head on the glenoid fossa. Some authors suggest
that inferior glide of the humeral head is resisted by the pull
of the coracohumeral ligament and to a lesser degree by the
superior glenohumeral ligament, particularly when the joint is
laterally rotated [17,31,39]. However, another cadaver study
reports little support from the superior glenohumeral ligament
against inferior subluxation [78]. This study, which suggests
that the inferior glenohumeral ligament provides more sup-
port in the inferior direction, with additional support from the
coracohumeral ligament, examines smaller displacements than
the preceding studies. The individual contributions from these
supporting structures may depend on the position of the gleno-
humeral joint and the magnitude of the humeral displace-
ments. Additional research is needed to elucidate the role the
glenohumeral joint capsule and ligaments play in supporting
the glenohumeral joint. Subtle changes in joint position also
appear to alter the stresses applied to the capsuloligamentous
complex.
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CLINICAL RELEVANCE: THERAPEUTIC STRETCH OF
THE GLENOHUMERAL JOINT
By altering the position of the glenohumeral joint, a clini-
cian can direct treatment toward a particular portion of
the capsuloligamentous complex. Anterior translation of
the humerus while the glenohumeral joint is abducted has
a greater effect on the inferior glenohumeral ligament
than on the superior or middle glenohumeral ligaments.
The clinician can also use this information to reduce the
loads on an injured or repaired structure.

One of the factors coupling the support of the glenohumeral
ligaments and capsule to each other is the intraarticular
pressure that also helps to support the glenohumeral joint
[38,39]. Puncturing, or venting, the rotator interval in ca-
davers results in a reduction of the inferior stability of the
humeral head, even in the presence of an otherwise intact
capsule [39,88]. Isolated closure of rotator interval defects ap-
pears to restore stability in young subjects who have no ad-
ditional glenohumeral joint damage [20]. This supports the
notion that tears in this part of the capsule can destabilize the
joint not only by a structural weakening of the capsule itself
but also by a disruption of the normal intraarticular pressure.

Thus the capsule with its reinforcing ligaments acts as a
barrier to excessive translation of the humeral head and lim-
its motion of the glenohumeral joint, particularly at the ends
of glenohumeral ROM. It also contributes to the normal glide
of the humerus on the glenoid fossa during shoulder motion.
However, this complex of ligaments still is insufficient to sta-
bilize the glenohumeral joint, particularly when external
loads are applied to the upper extremity or as the shoulder

moves through the middle of its full ROM. The role of the
muscles in stabilization of the glenohumeral joint is discussed
in Chapter 9.

MOTIONS OF THE GLENOHUMERAL JOINT

As a ball-and-socket joint, the glenohumeral joint has three
axes of motion that lie in the cardinal planes of the body.
Therefore the motions available at the glenohumeral joint are

• Flexion/extension
• Abduction/adduction
• Medial/lateral rotation

Abduction and flexion sometimes are each referred to as el-
evation. Authors also distinguish between elevation of the
glenohumeral joint in the plane of the scapula and that in the
sagittal and frontal planes.

Flexion and abduction in the sagittal and frontal planes of
the body, respectively, occur with simultaneous rotation of the
glenohumeral joint about its long axis, lateral rotation with
abduction, and medial rotation with flexion [6,75,80]. It has
been theorized that this motion helps prevent contact be-
tween the greater tubercle and the acromion; however, Saha
notes that there is never contact between these bony struc-
tures in any position of abduction [75]. Movement of the
greater tubercle toward the acromion narrows the subacro-
mial space that contains the subacromial bursa, the muscle
and tendon of the supraspinatus, the superior portion of the
glenohumeral joint capsule, and the intraarticular tendon of
the long head of the biceps brachii muscle (Fig. 8.28). Thus
lateral rotation of the glenohumeral joint during abduction
is important in preserving the subacromial space. Lateral ro-
tation of the glenohumeral joint also is required to avoid
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Figure 8.28: Subacromial space during abduction. A. The subacromial space is large when the shoulder is in neutral.
B. During shoulder abduction the greater tubercle moves closer to the acromion, narrowing the subacromial space.
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impingement of the greater tubercle on the superior rim of
the glenoid fossa [40]. Clearly, lateral rotation of the humerus
is essential for full, pain-free abduction of the glenohumeral
joint in the frontal plane.

CLINICAL RELEVANCE: RESTORING SHOULDER
ABDUCTION ROM
Patients with decreased abduction ROM frequently report
pain located in the superior aspect of the joint at the end
of their available ROM of abduction. Assessment usually
reveals diminished lateral rotation ROM as well.
Restoration of lateral rotation ROM is essential to the
recovery of abduction ROM. As lateral rotation range
improves, the patient usually notices decreased pain at
the end of abduction ROM. The decreased pain is attrib-
uted to decreased impingement. Attempts to restore
abduction mobility without also restoring lateral rotation
ROM result in increased pain, patient dissatisfaction, and
rarely any improvement in abduction ROM.

Rotation about the long axis of the humerus during abduc-
tion and flexion disappears by the time the shoulder reaches
approximately 160� of flexion or abduction. Saha refers to this
position as the “zero-position” and suggests that it results
from an unwinding of the ligaments and muscles of the gleno-
humeral joint, which occurs as the scapula and humerus move
through the range [75]. Indeed, one of the characteristics of
flexion and abduction in the plane of the scapula is that no
glenohumeral rotation is required during the movement.
Consequently, abduction in the plane of the scapula is more
comfortable for the patient with decreased rotation ROM.

Although flexion, abduction, and rotation of the gleno-
humeral joint imply pure rotational movements, the asym-
metrical articular areas of the humeral head and glenoid fossa,
the pull of the capsuloligamentous complex, and the forces
from the surrounding muscles result in a complex combina-
tion of rotation and gliding motions at the glenohumeral joint.
If the motion of the glenohumeral joint consisted entirely of
pure rotation, the motion could be described as a rotation
about a fixed axis. When rotation is accompanied by gliding,
the rotation can be described as occurring about a moving
axis. As described in Chapter 7, the degree of mobility of the
axis of rotation in the two-dimensional case is described by
the instant center of rotation (ICR). The ICR is the loca-
tion of the axis of motion at a given joint position. The more
stable the axis of motion, the more constant is the ICR. The
ICR of the glenohumeral joint moves only slightly during flex-
ion or abduction of the shoulder, indicating only minimal
translation [86].

The amount of humeral head translation during shoulder
motion has received considerable attention among clinicians
and researchers [25,30,31,48,86]. Glenohumeral translation is
less during active shoulder motions when muscle contractions

help to stabilize the humeral head than during passive mo-
tions [25]. In active elevation of the glenohumeral joint in the
plane of the scapula, the humeral head undergoes minimal
superior glide (�3 mm) and then remains fixed or glides in-
feriorly no more than 1 mm [11,19,25,46,69,77]. Individuals
with muscle fatigue or glenohumeral instability, however, con-
sistently exhibit excessive superior glide during active shoul-
der elevation [10,17,19,42].

The humeral head glides posteriorly in shoulder extension
and in lateral rotation; it translates anteriorly during abduc-
tion and medial rotation [25,59,30,64,77]. These data contra-
dict the so-called concave–convex rule, which states that
the convex humeral head glides on the concave glenoid fossa
in directions opposite the humeral roll. For example, the con-
cave–convex rule predicts that inferior glide of the humerus
accompanies its superior roll in flexion or abduction, and lat-
eral rotation occurs with anterior glide [75,80]. Direct meas-
urements reveal otherwise.

Although slight, joint glides appear to accompany gleno-
humeral motions. This recognition supports the standard
clinical practice of restoring translational movement to re-
store full ROM at the glenohumeral joint. The concept of
joint glide at the glenohumeral joint also forms the theoret-
ical basis for many mobilization techniques used in the clinic.
Reporting the amount of available passive humeral head glide
as a percentage of the glenoid diameter in the direction of
the glide, a study of anesthetized subjects without shoulder
pathology reports that the humeral head can glide 17, 26,
and 29% in the anterior, posterior, and inferior directions,
respectively, with the glenohumeral joint in neutral [32]. Pas-
sive glides of almost 1.5 cm are reported in subjects without
shoulder impairments [9]. Patients with anterior instabilities
demonstrate significant increases in both anterior and infe-
rior directions. Patients with multidirectional instabilities ex-
hibit significantly increased excursions in all three directions
[11,19]. It is essential for the clinician to understand that
slight translation occurs in normal glenohumeral joint mo-
tion. Yet excessive translation may contribute to significant
dysfunction.

Total glenohumeral joint elevation is most frequently de-
scribed as a percentage of shoulder complex motion. Gleno-
humeral flexion and abduction are reported to be 100–120�
[37,69,84]; however, shoulder rotation comes solely from the
glenohumeral joint. Although protraction of the sternoclav-
icular joint and abduction of the scapulothoracic joint cause
the humerus to face medially, these are substitutions for me-
dial rotation of the shoulder rather than contributions to true
medial rotation. Similarly, retraction of the sternoclavicular
joint and adduction of the scapulothoracic joint can substi-
tute for lateral rotation of the shoulder. True shoulder rota-
tion ROM values range from approximately 70 to 90� for both
medial and lateral rotation. There are no known studies that
identify the contribution of the glenohumeral joint to shoul-
der extension, but the glenohumeral joint is the likely source
of most extension excursion, with only a minor contribution

Chapter 8  | STRUCTURE AND FUNCTION OF THE BONES AND JOINTS OF THE SHOULDER GIRDLE



132

from adduction and medial rotation of the scapulothoracic
joint.

In summary, this section reviews the individual joints that
constitute the shoulder complex. Each joint has a unique
structure that results in a unique pattern of mobility and sta-
bility. The overall function of the shoulder complex depends
on the individual contributions of each joint. A patient’s com-
plaints to the clinician usually are focused on the function of
the shoulder as a whole, such as an inability to reach over-
head or the presence of pain in throwing a ball. The clinician
must then determine where the impairment is within the
shoulder complex. A full understanding of the role of each
joint in the overall function of the shoulder complex is es-
sential to the successful evaluation of the shoulder complex.
The following section presents the role of each joint in the
production of normal motion of the shoulder complex.

TOTAL SHOULDER MOVEMENT

The term shoulder means different things to different peo-
ple (i.e., the shoulder complex or the glenohumeral joint).
Therefore, motion in this region is perhaps more clearly pre-
sented as arm–trunk motion, since motion of the shoulder
complex generally is described by the angle formed between
the arm and the trunk (Fig. 8.29). However, the literature and
clinical vocabulary commonly use shoulder motion to mean
arm–trunk motion. Therefore, both terms, arm–trunk motion
and shoulder motion, are used interchangeably in the rest of

this chapter. For the purposes of clarity, the terms arm–trunk
elevation and shoulder elevation, are used to mean ab-
duction or flexion of the shoulder complex. These can occur
in the cardinal planes of the body or in the plane of the
scapula. When the distinction is important, the plane of the
motion is identified. It is essential to recognize the distinc-
tion between shoulder elevation, which involves all of the
joints of the shoulder complex, and scapular elevation, which
is motion of the scapulothoracic joint and indirectly produces
elevation at the sternoclavicular joint but does not include
glenohumeral joint motion. The following section describes
the individual contributions of the four joints of the shoulder
complex to the total arm-trunk motion. In addition, the tim-
ing of these contributions and the rhythmic interplay of the
joints are discussed.

Movement of the Scapula and
Humerus during Arm–Trunk Elevation
During arm–trunk elevation the scapula rotates upward as
the glenohumeral joint flexes or abducts. In addition, the
scapula rotates posteriorly about a medial–lateral axis and
laterally about a vertical axis during shoulder elevation
[26,43,54]. It has long been recognized that the upward ro-
tation of the scapula and the flexion or abduction of the
humerus occur synchronously throughout arm–trunk eleva-
tion in healthy individuals [57]. In the last 50 years, several
systematic studies have been undertaken to quantify this ap-
parent rhythm, known as scapulohumeral rhythm. The
vast majority of these studies have examined the relationship
of movement at the joints of the shoulder complex during
voluntary, active shoulder movement. In addition, some of
these investigations examine arm–trunk movement in the
cardinal planes of the body, while others report motions in
the plane of the scapula. Some of the differences in the re-
sults of the studies discussed below may be attributable to
these methodological differences.

The classic study of the motion of the shoulder is by In-
man et al. in 1944 [37]. Although some of the data reported
in this study have been refuted, the study continues to form
the basis for understanding the contributions made by the
individual joints to the total movement of the shoulder com-
plex. These investigators report on the active, voluntary motion
of the shoulder complex in the sagittal and frontal planes of
the body in individuals without shoulder pathology. They state
that for every 2� of glenohumeral joint abduction or flexion
there is 1� of upward rotation at the scapulothoracic joint,
resulting in a 2:1 ratio of glenohumeral to scapulothoracic
joint movement in both flexion and abduction (Fig. 8.30).
Thus these authors suggest that the glenohumeral joint con-
tributes approximately 120� of flexion or abduction and the
scapulothoracic joint contributes approximately 60� of upward
rotation of the scapula, yielding a total of about 180� of
arm–trunk elevation. The authors state that the ratio of gleno-
humeral to scapulothoracic motion becomes apparent and
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Figure 8.29: Arm–trunk motion. Shoulder motion is described by
the orientation of the mechanical axis of the arm with respect
to the trunk.
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remains constant after approximately 30� of abduction and
approximately 60� of flexion.

More recently, investigators have reported slight differ-
ences from Inman et al.’s data [1,22,26,57,69]. It must first be
noted that all of these authors collected data during abduction
in the plane of the scapula. Therefore, their data are not exactly
comparable to those of Inman et al. With that methodological
difference in mind, most of these authors present smaller av-
erage glenohumeral to scapulothoracic motion ratios [1,22,69].
In other words, these authors report more scapular (or less
glenohumeral) contribution to the total movement. These re-
sults are presented in Table 8.1. McQuade and Smidt do not
report average ratios [57]. However, in contrast to the data re-
ported in Table 8.1, their data suggest even more contribution
to the total movement by the glenohumeral joint than is sug-
gested by Inman et al., with ratios varying from approximately
3:1 to 4:1 through the range. In addition, several authors re-
port a variable ratio rather than the constant ratio reported by
Inman et al. [1,26,57,69]. Although there is little agreement
in the actual change in the ratios, most authors report a greater
contribution to arm–trunk motion from the scapulothoracic
joint late in the ROM rather than in the early or midrange.

Some authors have also investigated the effect of muscle
activity on the scapulohumeral rhythm. Passive motion is
reported to have a higher glenohumeral contribution to the
movement early in the range, with a greater scapulotho-
racic joint contribution at the end of the motion as well as a
higher overall glenohumeral contribution to the total motion
[26,57]. Resistance and muscle fatigue during active move-
ment reportedly decrease the scapulohumeral rhythm, re-
sulting in an increased scapulothoracic contribution to the
motion [56,57].

Despite the differences reported in the literature, some
very important similarities exist. Conclusions to be drawn
from these studies of healthy shoulders are

• The scapulothoracic and glenohumeral joints move simul-
taneously through most of the full range of shoulder
elevation.

• Both the glenohumeral and scapulothoracic joints con-
tribute significantly to the overall motion of flexion and
abduction of the shoulder.

• The scapula and humerus move in a systematic and coor-
dinated rhythm.

• The exact ratio of glenohumeral to scapulothoracic motion
may vary according to the plane of motion and the location
within the ROM.

• The exact ratio of glenohumeral to scapulothoracic motion
during active ROM is likely to depend on muscle activity.

• There is likely to be significant variability among indi-
viduals.

The clinician can use these observations to help identify ab-
normal movement patterns and to help understand the mech-
anisms relating shoulder impairments to dysfunction.

Sternoclavicular and Acromioclavicular
Motion during Arm–Trunk Elevation
With the upward rotation of the scapula during arm–trunk el-
evation, there must be concomitant elevation of the clavicle
to which the scapula is attached. The sternoclavicular joint
elevates approximately 40� during arm–trunk elevation
[1,37,84]. This motion generally is completed in the first two
thirds of the shoulder motion [1,37]. Note that the total scapu-
lar upward rotation is 60� and the total clavicular elevation is
approximately 40�. This disparity of motion suggests that the
scapula moves away from the clavicle, causing motion at the
acromioclavicular joint (Fig. 8.31).

Although the motion at the acromioclavicular joint is in-
adequately studied, its motion during arm–trunk flexion and
abduction appears to be less than 10� [71,84]. As the scapula
is pulled away from the clavicle by upward rotation, the conoid
ligament (the vertical portion of the coracoclavicular liga-
ment) is pulled tight and pulls on the conoid tubercle situ-
ated on the inferior surface of the crank-shaped clavicle. The
tubercle is drawn toward the coracoid process, causing the
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TABLE 8.1 Reported Average Ratios of
Glenohumeral to Scapulothoracic Motion
during Active Arm–Trunk Elevation in the
Plane of the Scapula

Authors Ratio

Freedman and Munro [22] 1.58:1

Poppen and Walker [69] 1.25:1

Bagg and Forrest [1] 1.25:1 to 1.33:1

Graichen et al. [26] 1.5:1 to 2.4:1
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Figure 8.30: Contribution of the glenohumeral and
scapulohumeral joints to arm–trunk motion. There is
approximately 2� of glenohumeral motion to every 1� of
scapulothoracic motion during shoulder flexion or abduction.
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clavicle to be pulled into upward rotation (Fig. 8.32). The
crank shape of the clavicle allows the clavicle to remain close
to the scapula as it completes its lateral rotation, without us-
ing additional elevation ROM at the sternoclavicular joint.
The sternoclavicular joint thus elevates 40�, although its full
available ROM is approximately 60�. Therefore, full shoulder
flexion or abduction can still be augmented by additional ster-
noclavicular elevation in activities that require an extra-long
reach, such as reaching to the very top shelf. This sequence
of events, first proposed by Inman et al., demonstrates the
significance of the crank shape of the clavicle and the mobil-
ity of the acromioclavicular joint to the overall motion of the
shoulder complex [37]. The coordinated pattern of movement
at the sternoclavicular and scapulothoracic joints during nor-
mal shoulder flexion and abduction also reveals the role of
the conoid ligament in producing movement, unlike most lig-
aments that only limit movement.

This description of sternoclavicular and acromioclavicular
motion reveals the remarkable synergy of movement among

all four joints of the shoulder complex necessary to complete
full arm–trunk flexion and abduction. The scapulothoracic
joint must rotate upward to allow full glenohumeral flexion
or abduction. The clavicle must elevate and upwardly rotate
to allow scapular rotation. This extraordinary coordination oc-
curs in activities as diverse and demanding as lifting a 20-lb
child overhead and throwing a 95-mph fastball. However, the
rhythm certainly is interrupted in some individuals. Any of
the four joints can be impaired. The following section con-
siders the effects of impairments of the individual joints on
overall shoulder movement.

Impairments in Individual Joints and
Their Effects on Shoulder Motion
The preceding section discusses the intricately interwoven
rhythms of the four joints of the shoulder complex during
arm–trunk motion. This section focuses on the effects of al-
terations in the mechanics of any of these joints on shoulder
motion. Common pathologies involving the glenohumeral
joint include capsular tears, rheumatoid arthritis, and inferior
subluxations secondary to stroke. The sternoclavicular joint
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Figure 8.31: Motion of the sternoclavicular and scapulothoracic
joints during arm–trunk motion. The scapula and clavicle move
together throughout much of shoulder flexion and abduction.
During this motion, the scapula rotates upwardly approximately
60� while the clavicle elevates only about 40�. The difference
causes the scapula to move away from the clavicle toward the
end of the ROM. Initially the clavicle elevates as the scapula
rotates upward approximately 40� from position one (P1) to
position two (P2). The scapula continues to rotate another 20�

from P2 to P3 (position 3), but the clavicle does not elevate any
more through this same excursion. Instead, the clavicle
undergoes upward rotation about its long axis from P2 to P3.
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Figure 8.32: Upward rotation of the clavicle during arm–trunk
motion. As the scapula moves away from the clavicle during
arm–trunk elevation, the conoid ligament is pulled taut and
causes the clavicle to rotate upwardly.
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can be affected by rheumatoid arthritis or by ankylosing
spondylitis. The acromioclavicular joint is frequently dislo-
cated and also is susceptible to traumatic osteoarthritis.
Scapulothoracic joint function can be compromised by trauma
such as a gunshot wound or by scarring resulting from such
injuries as burns. These are just examples to emphasize that
each joint of the shoulder complex is susceptible to patholo-
gies that impair its function. Each joint is capable of losing
mobility and thus affecting the mobility of the entire shoul-
der complex. It is not possible to consider all conceivable
pathologies and consequences. The purpose of this section is
to consider the altered mechanics and potential substitutions
resulting from abnormal motion at each of the joints of the
shoulder complex. Such consideration illustrates a framework
from which to evaluate the function of the shoulder complex
and the integrity of its components.

LOSS OF GLENOHUMERAL OR SCAPULOTHORACIC
JOINT MOTION

As discussed earlier in this chapter, the data from studies of
scapulohumeral rhythm suggest that the glenohumeral joint
provides more than 50% of the total shoulder flexion or ab-
duction. Therefore, the loss of glenohumeral motion has a
profound effect on shoulder motion. However, it must be em-
phasized that shoulder motion is not lost completely, even
with complete glenohumeral joint immobility. The scapu-
lothoracic and sternoclavicular joints with the acromioclav-
icular joint combine to provide the remaining one third or
more motion. In the absence of glenohumeral movement
these joints, if healthy, may become even more mobile. Thus
without glenohumeral joint motion and in the presence of

intact scapulothoracic, sternoclavicular, and acromioclavicu-
lar joints, an individual should still have at least one third the
normal shoulder flexion or abduction ROM.

Complete loss of glenohumeral joint motion, however, re-
sults in total loss of shoulder rotation. Yet even under these
conditions scapulothoracic motion can provide some substi-
tution. Forward tipping of the scapula about a medial–lateral
axis is a common substitution for decreased medial rotation
of the shoulder.

CLINICAL RELEVANCE: MEASUREMENT OF
MEDIAL ROTATION ROM OF THE SHOULDER
Goniometry manuals describe measurement of medial
rotation of the shoulder with the subject lying supine
and the shoulder abducted to 90� [63]. In this position
the shoulder is palpated to identify anterior tilting of the
scapula as the shoulder is medially rotated. Firm manual
stabilization is usually necessary to prevent the scapula
from tilting anteriorly to substitute for medial rotation
(Fig. 8.33).

Conversely, the loss of scapulothoracic motion results in a
loss of at least one third of full shoulder elevation ROM. Al-
though this appears to be roughly true in passive ROM, Inman
et al. report that in the absence of scapulothoracic joint mo-
tion, active shoulder abduction is closer to 90� of abduction
rather than the expected 120� [37]. These authors hypothe-
size that upward rotation of the scapula is essential to main-
taining an adequate contractile length of the deltoid muscle.
Scapular upward rotation lengthens the deltoid even as the
muscle contracts across the glenohumeral joint during
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Figure 8.33: Scapular substitutions in shoulder ROM. A. Standard goniometric measurement of medial rotation ROM of shoulder
requires adequate stabilization of the scapula. B. Inadequate stabilization allows anterior tilting of the scapula with an apparent
increase in medial rotation ROM of the shoulder.
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abduction (Fig. 8.34). In the absence of upward scapular ro-
tation, the deltoid contracts and reaches its maximal short-
ening, approximately 60% of its resting length, by the time
the glenohumeral joint reaches about 90� of abduction. (See
Chapter 4 for details on muscle mechanics.) Thus without the
contributions of the scapulothoracic joint motion, passive
ROM of shoulder flexion and abduction are reduced by at
least one third. However, active ranges in these two direc-
tions appear to be even more severely affected.

In addition to the overall loss of passive and active excur-
sion, decreased scapulothoracic joint motion impairs the
synergistic rhythm between the scapulothoracic and gleno-
humeral joints. This may contribute directly to abnormal
glenohumeral joint motion and result in an impingement
syndrome.

CLINICAL RELEVANCE: IMPINGEMENT SYNDROME
Compression of the contents of the subacromial space
causes pain and may result in an inflammatory response.
The chronic or repeated compression of these structures is
one form of impingement syndrome. It may result from an
encroachment into the space from structures forming the
roof of the subacromial space. These structures include the
acromion, the coracoid process, and the coracoacromial

ligament. Impingement can also arise from abnormal
glenohumeral joint mechanics such as inadequate rotation
of the humerus during flexion or abduction allowing the
greater tubercle to move too close to the acromion or
excessive superior glide of the humeral head. Classic
symptoms of impingement include pain in the superior
aspect of the shoulder beginning in the midranges
of shoulder elevation and worsening with increasing
excursion of flexion or abduction. Successful therapeutic
intervention requires the correct identification of the
mechanism causing the impingement.

Abnormal scapulothoracic joint motion and abnormal
scapulohumeral rhythm during shoulder flexion or abduc-
tion also are associated with impingement syndromes
[46,49,54,55]. Although it is unclear whether abnormal
scapular motions and scapulohumeral rhythm are the
causes or results of the pain, a thorough assessment of the
scapulohumeral rhythm is essential to the identification
and successful treatment of many shoulder problems [12].

LOSS OF STERNOCLAVICULAR OR
ACROMIOCLAVICULAR JOINT MOTION

For the scapulothoracic joint to rotate upwardly 60�, the ster-
noclavicular joint must elevate, and the acromioclavicular
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Figure 8.34: Scapular motion and deltoid muscle function. A. During normal active shoulder abduction, the upward rotation
of the scapula lengthens the deltoid, maintaining an adequate contractile length. B. During shoulder abduction without
scapular rotation, the deltoid reaches its maximal shortening and is unable to pull the glenohumeral joint through its full
abduction ROM.
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joint must glide or rotate slightly. If the clavicle is unable to
elevate but the acromioclavicular joint can still move, the
scapulothoracic joint may still be able to contribute slightly
to total shoulder motion but is likely to have a significant re-
duction in movement. The effects of lost or diminished scapu-
lothoracic joint motion noted in the preceding section would
then follow. If acromioclavicular joint motion is lost, disrup-
tion of scapulothoracic joint motion again occurs, although
perhaps to a lesser degree than with sternoclavicular joint
restriction.

It is important to recognize the potential plasticity of the
shoulder complex. Decreased motion at the acromioclavicu-
lar joint appears to result in increased sternoclavicular mo-
tions, and decreased motion at the sternoclavicular joint
results in increased motion at the acromioclavicular joint
[71]. Inman et al. report that one subject with the acromio-
clavicular joint pinned had only 60� of shoulder elevation re-
maining [37]. However, others report far less dysfunction
with loss of motion at the acromioclavicular joint [47]. Per-
haps the effects of the loss of acromioclavicular motion de-
pend upon the viability of the remaining structures or the
presence of pain.

Case reports suggest that total resection of the clavicle
secondary to neoplastic disease and chronic infection have
no negative effects on passive ROM of the shoulder [52].
However, scapulohumeral rhythms are not reported. Simi-
larly in another study, 71% of the individuals who underwent
distal resection of the clavicle to decrease acromioclavicular
pain returned to recreational sports [21]. These data sug-
gest that while there is clear interplay among the four joints
of the shoulder complex, there also appears to be a re-
markable capacity to compensate for losses by altering the
performance of the remaining structures. However, an im-
portant consequence of such alterations may be the overuse
of remaining joints or the development of hypermo-
bility elsewhere in the system. Therefore, diagnosis of
mechanical impairments of the shoulder requires careful
assessment of overall shoulder function but also identifi-
cation of each joint’s contribution to the shoulder’s total
motion.

CLINICAL RELEVANCE: IDENTIFYING LINKS BETWEEN
A PATIENT’S COMPLAINTS AND ABNORMAL JOINT
MOBILITY
A 60-year-old male patient came to physical therapy with
complaints of shoulder pain. He reported a history of a
severe “shoulder” fracture from a motorcycle accident 30
years earlier. He noted that he had never regained normal
shoulder mobility. However, he reported that he had good
functional use of his shoulder. He owned a gas station and
was an auto mechanic and was able to function fully in
those capacities, but he reported increasing discomfort in
his shoulder during and after activity. He noted that the
pain was primarily on the “top” of his shoulder.

Active and passive ROM were equally limited in the
symptomatic shoulder: 0–80� of flexion, 0–70� of abduc-
tion, 0� medial and lateral rotation. Palpation during ROM
revealed a 1:1 ratio of scapular to arm–trunk motion,
revealing that all of the arm–trunk motion was coming
from the scapulothoracic joint. Palpation revealed tender-
ness and crepitus at the acromioclavicular joint during
shoulder movement.

These findings suggested that in the absence of gleno-
humeral joint motion, the sternoclavicular and acromio-
clavicular joints developed hypermobility as the patient
maximized shoulder function, ultimately resulting in pain
at the acromioclavicular joint. This impression was later
corroborated by radiological findings of complete fusion
of the glenohumeral joint and osteoarthritis of the
acromioclavicular joint. Since there was no chance of
increasing glenohumeral joint mobility, treatment was
directed toward decreasing the pain at the acromioclavic-
ular joint.

It should be clear that because shoulder motion originates
from several locations and normally occurs in a systematic and
coordinated manner, evaluation of total shoulder function de-
pends on the ability to assess the individual components and
then consider their contributions to the whole. The evalua-
tion requires consideration of the shoulder movement as a
whole as well. The following section presents a review of nor-
mal arm–trunk ROM.

SHOULDER RANGE OF MOTION

Values of “normal” ROM reported in the literature are pre-
sented in Table 8.2. Examination of this table reveals large
differences among the published values of normal ROM, par-
ticularly in extension, abduction, and lateral rotation of the
shoulder complex. Unfortunately, many authors offer no in-
formation to explain how these normal values were deter-
mined. Consequently, it is impossible to explain the disparity
displayed in the literature.

All but one of the references report that lateral rotation
is greater than medial rotation. The two studies that report
empirical data also suggest that abduction ROM may be
slightly greater than flexion ROM, although direct compar-
isons are not reported [8,60]. In addition, these two studies
indicate that gender and age may have significant effects on
these values. Thus at the present time, values of “normal”
ROM must be used with caution to provide a perspective for
the clinician without serving as a precise indicator of the pres-
ence or absence of pathology. The clinician must also con-
sider the contributions to the total motion made by the
individual components as well as the sequencing of those
contributions.
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SUMMARY

This chapter examines the bones and joints of the shoulder
complex, which allow considerable mobility but possess in-
herent challenges to stability. The bones provide little limita-
tion to the motion of the shoulder under normal conditions.
The primary limits to normal shoulder motion are the cap-
suloligamentous complex and the surrounding muscles of the
shoulder. The normal function of the shoulder complex de-
pends on the integrity of four individual joint structures and
their coordinated contributions to arm–trunk motion. The
glenohumeral joint is the sole contributor to medial and lat-
eral rotation of the shoulder and contributes over 50% of the
motion in arm–trunk elevation. The remaining arm–trunk el-
evation comes from upward rotation of the scapula. The
scapula also undergoes posterior tilting and lateral rotation
about a vertical axis during arm–trunk elevation. In addition
to glenohumeral and scapulothoracic contributions to
arm–trunk elevation, the sternoclavicular and acromioclavic-
ular joints contribute important motions to allow full, pain-

free arm–trunk elevation. Impairments in the individual joints
of the shoulder complex produce altered arm–trunk move-
ment and are likely contributors to complaints of pain in the
shoulder complex.

Throughout this chapter the importance of muscular
support to the shoulder is emphasized. The following chap-
ter presents the muscles of the shoulder complex and dis-
cusses their contributions to the stability and mobility of the
shoulder.
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