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We dissected a fresh cadaver to determine which glenohumeral structures
causes medial rotation of the humerus during flexion in the sagittal plane. All
structures associated with both shoulders were dissected thoroughly. Both el-
bows were disarticulated to expose the distal end of each humerus to be used
as measurement landmarks. We used a universal goniometer for measurements
of shoulder flexion. To determine which structures cause passive medial rotation,
the associated shoulder muscles, ligaments, and the capsule were individually
reflected from the humerus. Passive shoulder flexion to the point where medial
rotation started was measured after each structure was resected. The end
passive glenohumeral flexion without rotation was 60 degrees after reflection of
all musculature and other periarticular shoulder structures. Our results support
Steindler’s conclusion that during flexion of the humerus beyond the horizontal
there is forced rotation caused by ligamentous tension. We also found that the
bony configuration of the glenohumeral joints also plays an important role in

medial rotation accompanying shoulder flexion.
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Cadaver dissection of the shoulder joints is a method of
verifying motions at the glenohumeral joint in different
planes. Motions of particular importance to physical thera-
pists are the rotations of the humerus during glenohumeral
flexion in the sagittal plane. Knowledge of these motions is
critical when planning treatment programs for shoulder prob-
lems.

Many experts of kinesiology have stated that lateral rotation
of the humerus is required to elevate the arm in the sagittal
plane."? Knott and Voss use therapeutic techniques involving
shoulder motions that occur in all three planes of motion.’
Their pattern of shoulder flexion and adduction is accom-
panied by lateral rotation. Steindler reported from observa-
tions on a cadaver that the forward elevation of the arm in a
strictly sagittal plane is possible in the glenohumeral joint
only to 58 to 62 degrees.* He stated that the range of forward
elevation is 155 to 195 degrees with an average of 180 degrees,
of which 120 degrees originate in the glenohumeral joint and
60 degrees in the clavicular joints; only beyond the horizontal
is forced inward rotation caused by ligamentous tension.*

In a previous study, we investigated active and passive
shoulder flexion movements in healthy subjects.’ We docu-
mented that medial rotation accompanies shoulder flexion.’

During normal elevation of the humerus in the sagittal
plane, an accompanying scapulothoracic motion is required
to maintain an optimal position for the humerus in the
glenoid fossa and to maintain an adequate length-tension
relationship for the humeral muscles. Motion at this joint is
accompanied by movements at the sternoclavicular and ac-
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romioclavicular joints. During shoulder flexion with scapular
upward rotation, the clavicle elevates and rotates backward.

The glenohumeral joint is an incongruent ball and socket
type of synovial joint that has three degrees of freedom of
movement. The design enhances mobility of the upper limb
more than stability. The humeral head forms a partial sphere
facing superiorly, medially, and posteriorly. The glenoid cav-
ity of the scapula is situated at the superior-lateral angle of
the scapula and, according to Kapandji, can point laterally,
anteriorly, and slightly superiorly.® Others have found that
the orientation of the glenoid fossa is variable, but most report
it typically tilts either inferiorly or posteriorly.”'2 The glenoid
fossa is biconcave in shape, vertically and horizontally, but
its concavity is irregular, more shallow, and much smaller
than the convexity of the humeral head (Fig. 1). Steindler
states that the arcs of the fossa are 75 degrees in the frontal
plane and 50 degrees in the sagittal plane.* The margin of the
glenoid fossa is raised slightly and is bordered by a ring of
fibrocartilage, the glenoidal labrum. The ring deepens the
concavity significantly to make the articular surfaces more
congruent.® The articular capsule surrounds the joint extend-
ing from the outer rim of the glenoid fossa to the anatomical
neck of the humerus. In the anatomical position, the fibrous
and inner synovial capsules are loose and form a fold inferi-
orly. The articular capsule is strengthened by ligaments and
tendons.

The coracohumeral ligament extends from the coracoid
process of the scapula to the greater and lesser tubercles of
the humerus beneath the tendon of the supraspinatus muscle
(Fig. 2). The two bands of the ligament diverge above the
intertubercular groove.

The glenohumeral ligaments reinforce the anterior portion
of the fibrous capsule. This ligament has three bands (Fig. 3).6
The superior band (and its transverse fibers) runs from the
upper border of the glenoid fossa over the humeral head; the
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Fig. 1. The left scapula showing the
depression in the anteroinferior surface of

the glenoid fossa.

A

Fig. 2. The coracohumeral ligament, lateral
view. (Adapted from Kapand;ji***" and repro-
duced by permission of the publisher.)

Fig. 3. The glenohumeral ligaments, anteroposterior view: (A) Su-
perior, (B) Middle, (C) Inferior. (Adapted from Kapandiji®**® and repro-
duced by permission of the publisher.)

middle portion extends from the upper margin of the glenoid
fossa directed diagonally downward and laterally to the ante-
rior surface of the humeral head; the inferior band runs
horizontally from the anterior edge of the glenoid fossa and
below the humeral head. These three bands form a “Z” in
front of the joint capsule.®

The articular capsule also is strengthened by the periar-
ticular muscles. These muscles, running horizontally across
the joint, act as ligaments and keep the head of the humerus
pressed against the glenoid fossa. The articular capsule is
strengthened superiorly by the supraspinatus tendon, ante-
riorly by the subscapularis muscle, and posteriorly by the
infraspinatus and teres minor muscles. Reportedly, the mus-
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cles that flex the shoulder joint are the same muscles that
cause medial rotation.>'>"?

The purpose of this case report was to determine which
glenohumeral structures caused the medial rotation of the
humerus during flexion in the sagittal plane.

METHODS AND PROCEDURES

We used one unembalmed, fresh female cadaver that had
no evidence of disease or shoulder limitation for this study.
Each shoulder was dissected to expose completely all muscles
involved with shoulder motions. Both elbows were disarticu-
lated to expose the distal end of the humerus to be used as
the landmark for the glenohumeral measurements. All mo-
tions of the shoulder were performed passively while the
cadaver was in the supine position. The scapula and clavicle
were allowed to move freely to maintain proper bony align-
ment during glenohumeral flexion. The starting position for
flexion was with the arm as close to the trunk as feasible, and
the medial and lateral epicondyles were horizontal to the table
top (Fig. 4). The amount of shoulder flexion was determined
by using a universal goniometer.

The amount of passive shoulder flexion was measured at
the point at which the humerus was observed to begin medial
rotation (Fig. 5). To determine if the tension in the muscles
attached to the humerus caused medial rotation, each muscle
was severed from the humerus. After each flexion trial, an-
other muscle was cut and the amount of flexion was measured.
The muscles were removed from the humerus in the following
sequence: deltoid (anterior fibers), coracobrachialis, pectoralis
major (clavicular head), subscapularis, biceps brachii (long
head), and latissimus dorsi. After the muscles were removed
from the humerus, the capsule was observed during the flexion
motion; then the articular capsule was severed and the amount
of flexion was measured.
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