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The quantitative evaluation of elastic characteristics and the validity of
evaluating passive force in the posterior shoulder capsule using the
ultrasound shear wave elastography

(Purpose)

This study aimed to investigate the association between the shear elastic
modulus and passive force in the posterior shoulder capsule using
ultrasound shear wave elastography (SWE). We also aimed to identify the
stretching position that applied the most passive force in the posterior
shoulder capsule by evaluating elastic characteristics in various stretching
positions.

(Methods)

Experiment 1 investigated the association between the shear elastic
modulus measured by SWE and passive force in the posterior shoulder
capsule. In experiment 2, the shear elastic modulus of the posterior capsule
was determined in various stretching positions.

Fresh-frozen glenohumeral joints without osteoarthritis or rotator cuff
tears were used for this study. Ten and 9 shoulder specimens were used in
experiment 1 and 2, respectively.

In experiment 1, glenoid-capsule-humeral head specimens were created
using middle and inferior posterior capsules. Specimens were immobilized
with a custom-built device. Passive force from 0 to 400 g was applied in
25-g increments, and elasticity was measured simultaneously using SWE.
The elasticity-load relationship of each tested capsule for each loading was
analyzed by fitting a least-squares regression line to the data using
statistical software (p < 0.05).

In experiment 2, the shear elastic modulus of the posterior shoulder
capsule was measured in 9 stretching positions using a combination of
several shoulder elevation planes (frontal, sagittal and scapular plane) and
elevation angles (-30, 0, 30 and 60°). The shear elastic modulus in all




stretching positions was compared using one-way repeated-measures
analysis of variance (p < 0.05).

(Results)

In experiment 1, data revealed that the relationships between the shear
elastic modulus and passive capsule force were highly linear for all 20
tested capsules (p < 0.01). The mean (+standard deviation) coefficient of
determination (R2) was 0.882 (+0.075; range 0.742 to 0.956) in the middle
posterior capsule and 0.901 (£0.050; range 0.822 to 0.963) in the inferior
posterior capsule.

In experiment 2, the shear elastic modulus values of the middle posterior
capsule in shoulder internal rotation at 30° in scapular plane elevation
and horizontal adduction at 60° of elevation were significantly higher than
in resting position. In addition, the shear elastic modulus of the inferior
posterior capsule in shoulder internal rotation at 30° of flexion was
significantly higher than in resting position.

(Discussion)

The associations between shear elastic modulus and passive force have
been investigated in muscle tissues. Previous studies indicated that SWE
could indirectly evaluate passive muscle force with absolute accuracy. The
results of experiment 1 in this study indicated that the shear elastic
modulus can adequately account for passive fore in the posterior capsule.
To our knowledge, this is the first such study on capsule tissues. The
findings suggest the validity of evaluation for passive force in the posterior
capsule using SWE.

The stretching position for the posterior shoulder capsule has been
investigated by measuring strain on the capsule with a strain gauge in
previous studies. The effective stretching position for the posterior capsule
in this study was different from that in previous studies. This may be due
to the use of intact muscle and skin during measurement of elasticity in
this study, unlike previous studies that removed all soft tissues except for
capsules. Moreover, the present study measured the shear elastic modulus
that was strongly correlated with passive force instead of the strain that
only measured mechanical characteristics. Difference in results may be
due to use of different variables, as elasticity and strain, were measured in
both studies.

(Conclusion)




Our study demonstrated that SWE is a valid and useful method for
indirectly and noninvasively evaluating the passive force in the posterior
shoulder capsule. In addition, the stretching positions in which passive
force was applied to the posterior middle capsule were shoulder internal
rotation at 30° of scapular plane elevation and horizontal adduction at 60°
of elevation. Furthermore, the stretching position in which passive force
was applied to the posterior inferior capsule was shoulder internal rotation
at 30° of flexion.
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