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[Tntroduction]

Shoulder dysfunction greatly affects daily work, labor, and sports
activities. In Japan, a super aging society, shoulder joint disfunction
associated with degeneration are expected to increase, and there are
many cases where physical therapy for shoulder joints. The risk of
dysfunction is increased by adding mechanical stress stimulation.
Therefore, it is necessary to understand the biomechanical
characteristics of this anatomical site for safe and effective shoulder
physical therapy. It was reported that the supraspinatus tendon was
different histological and mechanical properties between the surface
and deep layer. In addition, supraspinatus tendon partial tears in
clinical practice can be divided into surface and deep tears.

In our previous study, we quantitatively reproduced the isometric
contraction of the supraspinatus, and found that the strain on the
supraspinatus tendon surface layer increases significantly with
decreasing scapular elevation angle. However, there are no reports on
the biomechanical characteristics of the deep layer of the
supraspinatus tendon with changes in the elevation of the scapular
plane.

The purpose of this study was to reproduce to measure the strain on
the deep layer of the
supraspinatus tendon accompanying changes of the angle of elevation of
the gleno humeral joint in scapular plane.

[Materials and Methods]

Ten fresh—frozen shoulder specimens (5 left, 5 right; average age at
time of death 88.7 years) from 10 cadavers were used in this experiment.

From —-10 to 30 degrees specified every 10 degrees using a six—degree—




of—freedom electromagnetic tracking device (3SPACE FASTRAK, Polhemus,
Colchester, USA), the scapular was fixed perpendicular to a jig. Load
from 0 to 120N using A digital push-pull load measurement gauge RZ-50

(Aikoh Co., Japan), Isometric contraction of the supraspinatus muscle
was then reproduced. The strain on the supraspinatus tendon was
measured using a Pulse Coder strain gauge (Levex, Japan). Repeated 2-
way ANOVA was performed to compare results at each angle of elevation.
Statistical analysis was performed using SPSS, and statistical
significance was set at p < 0.05.

[Results]

An increase of supraspinatus deep layer tendon strain for increasing
tensile force was observed for all elevation angles. The relationship
was generally linear throughout the range from 0 to 120 N. Averaged
values at 120 N tensile force were 2.82% for scapular plane elevation
of 30 degrees, 1.86% of 20 degrees, 1.47% of 10 degrees, 1.21% of 0
degrees, and 0.49% of —-10 degrees

At a scapular plane elevation of 30 degrees, the tensile force of
the supraspinatus tendon over 40 N was significantly larger than at
—-10 degrees, over 50 N was significantly larger than at 0 degrees, and
over 100 N was significantly larger than at 10 degrees. At scapular
plane elevation of 20 degrees, the tensile force of the supraspinatus
tendon over 70 N was significantly larger than at —-10 degrees, and
over 80 N was significantly larger than at 0 degrees.

[Discussion]

According to previous studies on strain on the supraspinatus tendon,
we reported that the strain on the surface layer of the supraspinatus
tendon 1in scapular plane elevation from -10 to 0 degrees was
significantly larger than those obtained from 10 to 30 degrees.
Histological studies have also reported that at 0 degrees, the strain
on the supraspinatus tendon surface layer is significantly greater
than the deep layer. On the other hand, in this study, the strain on
the deep layer of the supraspinatus tendon in scapular plane elevation
from 20 to 30 degrees was significantly larger than those obtained
from —10 to 10 degrees, so that the supraspinatus tendon was increased
from 20 to 30 degrees, it was considered that the tensile force of

the supraspinatus tendon was loaded on the deep layer. A previous study




comparing the strain on the surface layer of the supraspinatus tendon
and the deep layer reported that the strain on the surface layer was
large at 0 degrees. This is the first study to measure the strain on
the deep layer of the supraspinatus tendon in multiple shoulder
positions by continuously changing the load. The results of this study
were consistent with the results of previous studies examined in a
single shoulder position.

Anatomically, the insertion of the supraspinatus tendon is forward to
the superior and anterolateral sides of the greater tuberosity in
scapular plane elevation, in scapular plane elevation from —-10 to 0
degrees, the supraspinatus tendon is bended along the humeral head,
the surface layer of the supraspinatus tendon is more elongation. At
a scapular plane elevation from 20 to 30 degrees, the supraspinatus
tendon reduces the curvature along the humeral head and runs linearly.
Partial tears of the rotator cuff are divided into surface tears, deep
tears, and intratendinous tears. Regarding the occurrence of tearing
of the surface layer and deep layer fibers alone, it is considered
that the shoulder joint position may be involved in the occurrence
from the knowledge of the strain due to the tendon tensile force. It
is also possible that the mechanism of delamination is related to the
difference in elongation depending on the angle between the surface
layer and the deep layer.

The prevalence of rotator cuff tears is higher, and it is important
to perform non—surgical physical therapy for cases of partial tear of
the supraspinatus tendon. It is necessary to specify the joint position
and load amount when performing exercise therapy by identifying the
tear size and the lesion by MRI or echo. The cases of surface tear of
the supraspinatus tendon should avoid exercise on the scapular plane
elevation from —-10 to 0 degrees, and the cases of deep tear of the
supraspinatus tendon should avoid exercise on the scapular plane
elevation from 20 to 30 degrees.

[Significance]

The strain on the deep layer of the supraspinatus tendon in scapular
plane elevation from 30 to 20 degrees was significantly larger than
those obtained from —10 to 10 degrees. When isometric contraction of

the shoulder in patients with rotator cuff injury, it is necessary to




carefully evaluate the load on the rotator cuff and consider the

elevation angle of the scapular plane elevation.
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