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Stability of the shoulder joint

Cadaver study of stabilizing structures

In 10 cadaver shoulder joints, the increments in external rotation were
measured after successive cutting of the anterior stabilizing structures
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while a constant external torque was applied to the humerus, abducted in

the scapula plane. The subscapularis muscle prevented anterior sub-
luxation in the lower range of abduction. As abduction increased, the
lower part of the capsule was the most important stabilizing structure.
The findings suggest that it may be possible to perform more selective re-

Laboratory of Biomechanics,
Orthopaedic Hospital, Ran-
dersvej 1, DK-8200 Arhus N,
Denmark

pairs in the treatment of recurrent anterior instability.

Clinical and anatomical studies of anterior dis-
location of the shoulder have led to two differ-
ent concepts of the most important anterior
stabilizing structures of this joint. One is that
the subscapularis muscle is the limiting factor
in external rotation and the most important
anterior stabilizing structure (Adams 1948),
while another asserts that the anterior capsule
is the primary stabilizing structure (Townley
1950).

Clinically, anterior instability of the shoul-
der in abduction and external rotation of the
arm is characterized by lesions of the anterior
capsule (Mizuno & Hirahote 1983). Thus, the
anterior structures of the shoulder joint are
characterized as limiting external rotation,
and preventing anterior dislocation. The pur-
pose of our experiment was to measure the in-
crements in external rotation while cutting the
stabilizing structures at different stages, in or-
der to determine their contribution to stability
and limitation of external rotation when the
humerus is abducted with a constant external
torque.

Material and methods

The investigation was carried out on 10 shoulder
joint specimens, each consisting of humerus, scapula
and capsule, including the coracochumeral ligament.
The supraspinatus muscle, the infraspinatus and the
teres muscles were removed. The tendon of the bi-
ceps muscle was divided just below the intertubercu-
lar groove.

The scapula was suspended with the medial border
vertical, and a lever fixed to the humerus. This lever
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was fitted with strain gauges to measure external
torque (Figure 1). The external rotation angle was
measured by the Z-angle sensor, at a right angle to
the X-Y angle sensor, which measured the angle of
abduction. When the humerus was abducted 0-90
degrees in the scapula’s plane, with a constant exter-
nal torque of 1.5 Nm, the corresponding movement
curves of external rotation and abduction were re-
corded by an amplifier and plotted in an X-Y di-
agram. At the same time, all the signals passed
through a data acquisition system to a microcom-
puter (R.C. 702), which stored the measurements on
floppy discs. The final movement curves were calcu-
lated for exactly 1.5 Nm and plotted at the Regional
Computer Service Center (RECAU).

The investigation was divided into two series, each
comprising five specimens.

In the first series the tendon of the subscapular
muscle was vertically divided 1.5-2 em medially
from its insertion on the humerus. Next, the prox-
imal one third of the capsule and proximal two thirds
of the capsule were divided between the cavitas gle-
noidalis and its insertion on the humerus.

In the second series only the capsule was divided
from below; first the distal one third, then two thirds,
and finally the anterior capsule. This division was
easily performed when the arm was abducted and
the intact tendon of the subscapular muscle was sep-
arated from the capsule.

After each division, the increment of external ro-
tation was measured.

Results

In the first series (Figure 2), after the sub-
scapularis muscle had been cut, external ro-
tation compared with that of the intact joint in-
creased on average 4 degrees at 20 degrees of
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Figure 1. Outline of the experimental set-up.

abduction. After further cutting the proximal
one third of the capsule, the increments were
on average 5 degrees in the first 40 degrees of
abduction. When the proximal two thirds of
the capsule was cut, the external rotation in-
creased to 16 degrees at 20 degrees of abduc-
tion, and then decreased to the point of origin
at 90 degrees of abduction.

In no case was the humeral head found to
dislocate with the distal third of the capsule in-
tact.

In the second series (Figure 2), after the dis-
tal third of the capsule had been cut, external
rotation compared with that of the intact joint
increased to a maximum of 8 degrees at 40 de-
grees of abduction. When the distal two thirds
of the capsule was cut, the increment in exter-
nal rotation was maximally 9 degrees at 40 de-
grees of abduction and then constant until 90
degrees of abduction. When the whole anterior
capsule was cut, the external rotation was

maximally 18 degrees at 40 degrees of abduc-
tion. At 30 degrees of abduction, in all cases af-
ter cutting all the anterior capsule, the hum-
eral head was observed to subluxate below the
subscapular muscle but without dislocating an-
teriorly.

Discussion

In the anterior capsule of the glenohumeral
joint, three different ligamentous strengthen-
ing structures have been described, each
roughly corresponding to one third of the cap-
sule (Mosely & Overgaard 1962). In abduction
and external rotation, the proximal part of the
capsule is first tightened. As abduction in-
creases, the lower part and the tendinous part
of the subscapularis muscle also move prox-
imally (Turkel et al. 1981).

We found that the increment in external ro-
tation after cutting only the subscapularis
muscle and the proximal third of the capsule
was only a few degrees. Further external ro-
tation, on average 16 degrees in the lower part
of abduction, was found after additional cut-
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Figure 2. First series: A) The subscapularis muscle cut. B) The
subscapularis muscle and proximal third of capsule cut. C) The
subscapularis muscle and proximal two thirds of the capsule
cut. Second series: D) Distal third of the capsule cut. E} Distal
two thirds of the capsule cut. F) Al the capsule cut. Bars indi-
cate SEM.
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ting of the middle third of the capsule. In in-
creasing abduction to more than 20 degrees,
external rotation again diminished, corre-
sponding to the tightening of the distal capsule
in abducting the humerus more than 20 de-
grees. In no case was instability observed with
only the distal third of the capsule intact.

With all the anterior capsule cut, external
rotation reached a maximum at 40 degrees of
abduction, and anterior subluxation was ob-
served at 30 degrees of abduction. This ante-
rior subluxation was noted as a forward move-
ment of the humeral head below the tendinous
part of the subscapular muscle. This finding is
in agreement with Symenoides (1972) who re-
ported that it is only in the first part of abduc-
tion that the subscapularis muscle stabilizes
the joint. The anterior part of the glenohum-
eral joint capsule, especially in anterior sub-
luxation and recurrent anterior luxation, has
been the object of clinical interest in recent
years (Neer & Foster 1980), especially focusing
on the lower part of the capsule (Mizuno & Hi-
rahote 1981, Protzman 1980, Rowe et al. 1981)
as the cause of subluxation. In our experimen-
tal set-up, we have found that when the hume-
rus is abducted with a constant external tor-
que in the lower part of abduction, only the
subscapular tendon and the proximal part of
the capsule limit external rotation. As abduc-
tion increases, the lower part of the capsule be-
comes the most important structure limiting
external rotation.

In a recent study on the anterior subluxat-
ing shoulder (McGlynn & Caspari 1984), it was
found at arthroscopy of the joint that atten-
uation of the anterior inferior part of the cap-
sule or detachment of the capsule was a con-
stant finding in cases with anterior subluxa-
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tion of the humeral head. Our experimental
findings support the opinion that the distal
part of the capsule is an important structure
preventing anterior subluxation when the arm
is abducted.
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