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frozen shoulder, Aim of the study: To evaluate changes in the elasticity of the coracohumeral ligament in

injection, patients with adhesive capsulitis of the shoulder treated with ultrasound-guided rotator interval
elastic modulus, injections. Methods: Shear wave elastography was used to evaluate elasticity of the coracohu-
ultrasonography, meral ligament in symptomatic and asymptomatic shoulders in the shoulder-neutral position

rotator interval and 30° external rotation. A total of 24 shoulders were assessed. Symptomatic shoulders were
treated with targeted steroid injection via the rotator interval and manipulation under local
anaesthetic block. Follow-up assessment of the elasticity of the coracohumeral ligament was
obtained at 10 weeks post-injection. Results: In all subjects, the coracohumeral ligament elastic
modulus was larger at 30° external rotation than in the neutral position. In patients with adhe-
sive capsulitis, the coracohumeral ligament thickness and elastic modulus was significantly
greater in the symptomatic shoulder in the neutral position and 30° ER. Treated patients had
an excellent response with improved Oxford Shoulder Score and reduced visual analogue scale
pain scores. Median Oxford Shoulder Score was 13.5 pre-injection and 34 at 10 weeks post-
injection. Median visual analogue scale pain scores measured 8.5 pre-injection, 3.5 at 1 day,
2 at 1 week, and 2.5 at 10 weeks. Improved Oxford Shoulder Score and visual analogue scale
pain score was associated with a trend to normalisation of the elastic modus of the coracohu-
meral ligament. Conclusion: In patients with adhesive capsulitis of the shoulder, shear wave
elastography demonstrated the coracohumeral ligament is stiffer in the symptomatic shoulder
than in the unaffected shoulder. Treatment with the ultrasound-guided rotator interval injection
is associated with improved Oxford Shoulder Score, reduced visual analogue scale pain scores,
B and reduced stiffness in the coracohumeral ligament.

Introduction

Adhesive capsulitis of the shoulder, also known as frozen
shoulder, is a common orthopaedic condition characterised
by loss of glenohumeral motion”. The underlying cause of
adhesive capsulitis is not well understood but appears to
be characterised by synovial inflammation and capsular

fibrosis®. Several recent studies have implicated the rota-
tor interval and coracohumeral ligament as being critical
in the pathology of adhesive capsulitis®®. The coraco-
humeral ligament (CHL) runs from the lateral base of the
coracoid process to the lesser and greater tuberosities of
the humerus, forming the roof of the rotator interval, and
covers the supraspinatus and infraspinatus tendons. The
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Elasticity of the coracohumeral ligament in patients with frozen shoulder following rotator interval injection: a case series

Fig. 1. B-mode US scan shows measurement of coracohumeral liga-
ment thickness in a patient with severe ACS. C — coracoid pro-
cess, H — humeral head
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Fig. 2. Measurement of the elastic modus of the coracohumeral liga-
ment using shear wave elastography (SWE)

CHL may play a role in restricting external rotation of the
glenohumeral joint” and abnormal thickening of this liga-
ment has been reported to be related to restriction of both
internal and external rotation®®1%. Surgical studies have
reported that coracohumeral release is associated with a
significant recovery of shoulder range of movement®!112.
Recent studies have also shown that the stiffness of the
CHL can be assessed using shear wave elastography3-1.
Shear wave elastography is a relatively new technique to
non-invasively provide quantitative information regard-
ing tissue elasticity in real time based on their viscoelas-
tic properties. The ultrasound system propagates shear
waves into tissues and assesses their elastic modulus. This
has been used in a variety of musculoskeletal conditions
including the rotator cuff tendons'®!” epicondylitis"®, and
Achilles". Wu et al. reported that in patients with clini-
cal findings consistent with adhesive capsulitis shear wave
elastography demonstrated that the CHL was significantly
stiffer in the symptomatic shoulder compared with the
asymptomatic shoulder'®. Kanazawa et al. have shown
that decreased CHL elasticity was strongly associated with
decreased shoulder range of movement'*!>. The object of
this study was to investigate whether successful treatment
of adhesive capsulitis of the shoulder (ACS), treated with
ultrasound guided rotator interval injection, was associated
with post-injection changes in the elasticity of the CHL as
measured using shear wave elastography.

Materials and methods

The study included patients who were referred from our
local shoulder orthopaedic surgeons for consideration for
outpatient therapeutic-guided injection over a 4-month
period (June 2019 to September 2019).

The inclusion criteria were: a clinical diagnosis of adhesive
capsulitis characterised by restriction in range of motion in
the affected shoulder, in particular external rotation, fail-
ure to respond to conservative management (e.g., physio-
therapy, oral analgesia) or blind steroid injections, and the
absence of full thickness rotator cuff tear or glenohumeral
joint osteoarthrosis. Suitable patients had a pre-procedure
ultrasound examination, received manipulation under ante-
rior interval local anaesthetic block procedure as described
below, and a post-procedure ultrasound examination at the
time of orthopaedic clinic follow up at 10 weeks.

Ultrasonography evaluation

A musculoskeletal radiology consultant with 10 years of
musculoskeletal ultrasound experience performed ultra-
sonographic assessment of the shoulder rotator cuff ten-
dons, bursa and CHL. The participants were assessed
sitting upright or semi-supine. The elbow was held in
90 degrees of flexion with the arm at the side for initial
assessment. B-mode ultrasound was performed to assess
the thickness of the CHL. A longitudinal image of the CHL
was achieved in an axial oblique plane and the thickness
of the CHL measured at a 2 mm distance from the cora-
coid process (Fig. 1), consistent with previous study meth-
odology"®. SWE assessment was performed in the same
position and again with the arm in 30 degrees external
rotation, or the maximal degree of external rotation that
the patient was able to achieve. The patient’s skin was cov-
ered in abundant gel, and the probe was placed without
applying pressure on the underlying tissues. The patients
were asked to hold their breath for 5-10 seconds during
SWE measurements to avoid interference from chest wall
movement. Elasticity of the CHL was assessed using a ROI
with a diameter of 1 mm at a distance of 2 mm from the
coracoid process, and the elastic modulus was recorded in
triplicate. The average of these measurements was used for
statistical analysis (Fig. 2).

Injection technique

A 15-MHz linear array ultrasound transducer (Aplio 1700,
Cannon, UK), sterile ultrasound gel, two 10 ml syringes,
one 5 ml syringe, and a 25 mm long 23-gauge (green) nee-
dle were used.

A pre-injection assessment of the patient’s range of motion
is performed with the patient sitting, followed by a rou-
tine ultrasound examination of the shoulder, in particular
assessing for pathology in the rotator cuff, rotator interval
pathology, CHL thickening, subacromial subdeltoid effu-
sion or impingement on dynamic imaging.
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Fig. 3. A transverse ultrasound image of the rotator interval with the
long head of biceps tendon (BT) at the centre of the image.
The superior glenohumeral ligament (SGHL) is anterior to the
biceps tendon and the coracohumeral ligament (CHL) forms
the roof of the interval superiorly. The supraspinatus tendon
(SSp) lies laterally and subscapularis tendon (SSc) lies me-
dially. The asterisk indicates the target point of the needle for
targeted rotator interval injection

Fig. 4. Transverse ultrasound image of the rotator interval with the
biceps tendon at the centre of the image. Using a long axis ne-
edle approach, the needle tip lies between the coracohumeral
ligament, as it forms the roof of the rotator interval, and the
long head of biceps tendon sheath below

If there was sufficient clinical evidence of adhesive cap-
sulitis, as demonstrated by a global reduction in range of
motion, especially external rotation, in the absence of rota-
tor cuff pathology, the patient was consented for an ultra-
sound guided rotator interval injection.

The patient may sit upright or lie semi-supine. The shoul-
der is slightly extended, and the hand supinated to facilitate
visualisation of the rotator interval anteriorly. The trans-
ducer is placed over the anterior shoulder and a long-axis
view of the rotator interval, with the biceps at the centre
of image and supraspinatus and subscapularis to either
side, is obtained (Fig. 3). The often thickened CHL is seen
draped superiorly over the biceps tendon.

Routine skin antisepsis and subcutaneous infiltration with
1% lidocaine is performed with a 25 mm 23-gauge needle,

Elevation External rotation

Internal rotation

Fig. 5. Shoulder manipulation technique. The patient is asked to
demonstrate their range of motion before the injection is per-
formed, and following the procedure is gently helped into ele-
vation, external rotation and internal rotation using a gentle
stretching motion

which may then be advanced just superficial to the CHL
with further infiltration of 1% lidocaine. Following this,
the needle is advanced deep to the CHL, into the rotator
interval, positioned in the biceps tendon sheath between
the CHL above and biceps tendon below (Fig. 4), and a
12 ml mixture of 1% lidocaine and 0.5% bupivacaine and
40 mg triamcinolone is gently instilled. With correct intra-
sheath needle positioning, the injected fluid should flow
freely away from the needle tip. This may be confirmed
using Doppler imaging with a rim of flow surrounding
the long head of biceps tendon confirming extension of
the injectate into the joint. Following injection, patients
are invited to perform active movement of the shoulder.
Patients are asked to lift their arm above their head. For
internal rotation, patients are asked to place their hand
between their shoulder blades. For external rotation,
patients are asked to keep their elbow tucked in and turn
their supinated hand out as far as they can go. Patients
often notice an immediate improvement in their range
of movement and are then gently manipulated into a full
range of elevation, internal and external rotation under
local anaesthetic block (Fig. 5).

Patients were assessed pre-injection with documented pain
scores from 0 to 10 on a visual analogue scale (VAS) and
the Oxford Shoulder Score (OSS) Questionnaire, a vali-
dated 12-item questionnaire for measuring patient percep-
tion of shoulder problems, with a possible range of scores
from 0 (severe shoulder symptoms) to 48 (no shoulder
symptoms)©@?. Initial follow-up comprised a VAS pain score
at 1 hour, 24 hours, and 2 weeks. Clinical review by the
referring orthopaedic surgeon was performed at 2 months
post-injection. Long-term follow-up involved a VAS pain
score and the OSS Questionnaire at 5 months. Statistical
analysis was performed using SPSS Version 20 and
GraphPad Prism Version 6.0. The Kolmogorov-Smirnov
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Tab. 1. Cohort demographics

Parameter

Number of shoulders assessed 24
Gender 6 male; 6 female
Age (years) 54 (28-72)*
Duration of symptoms (months) 12 (3-36)*

* Data are medians, with ranges given in parentheses.

Tab. 2. Comparison of coracohumeral ligament (CHL) thickness
and elasticity on the symptomatic and asymptomatic sides

Parameter Assi);r;\ ';'t'o:_'lazt;c Ss)i':\ep(?:\: ;')c Pvalue*
CHL thickness 1.95 (1.1-2.9)* 33(24-37% | 000222
(mm)

CHL elastic

modulus (kPa)

Neutral position | 178 (116.4-228.1)* | 278 (194.7-338.4)* | 0.00222
30° external 194 (138-246.5)* | 298 (210-342.2)* | 0.00222
rotation

0SS na 18 (7-39) na
VAS pain score na 8(6-10) na

* Data are medians, with ranges given in parentheses. " Symptomatic
shoulder assessed at 30° external rotation or as close to this position
as the patient could achieve. * Comparison between asymptomatic
and symptomatic shoulders with use of the Wilcoxon Signed-Rank test
calculator. OSS - Oxford Shoulder Score

test of normality was used, and the Wilcoxon test was used
to establish whether there was a significant difference
(p <0.05) between pre- and post-procedure scores.

Data regarding demographics, duration of symptoms,
relevant history, co-morbidities, and other treatments for
their shoulder were recorded. The ultrasound findings
in the shoulder at the time of the procedure were also
documented

Results

A total of 24 shoulders were assessed pre-treatment (6 men,
6 women, median age 54 years, range 28-72 years) (Tab. 1).
In all subjects, the CHL elastic modulus was observed to
be larger at 30° external rotation than in the neutral posi-
tion. In our cohort of patients with ACS the CHL thick-
ness was significantly greater in the symptomatic shoulder
(median 3.3 mm vs 1.95 mm) and the elastic modulus, mea-
sured in the neutral position, of the symptomatic shoulder
(mean 269.7 kPa, range 194.7-338.4 kPa, median 278 kPa)
was significantly greater than that of the unaffected shoul-
der (mean 175 kPa, range 131-216 kPa, median 178 kPa)
and 30° external rotation (Tab. 2 and Tab. 3). Several
patients had very severe restriction of external rotation on
the symptomatic side, and were asked to move as close to
30° of external rotation as they were able to achieve and
assessed in this position.

A total of 12 symptomatic shoulders were treated with
targeted ultrasound-guided steroid injection via the
rotator interval and shoulder manipulation under local

Tab. 3. Coracohumeral ligament (CHL) thickness and elasticity on
the symptomatic and asymptomatic sides in neutral and 30°
external rotation (ER) position
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Tab. 4. Comparison of paired measurements of coracohumeral ligament (CHL) elasticity of the symptomatic shoulder pre- and post-treat-
ment in the neutral and 30° ER position

Parameter Pre-injection (n=8) Post-injection (n = 8) P value*
CHL thickness (mm) 3.2(2.4-3.7)* 2.5(1.9-3.2)* <0.05
CHL elastic modulus (kPa)

Neutral position 286.4 (208.9-338.4)* 226.5 (179.4-265.8)* <0.05

30° external rotation* 303.7 (221.4-342.2)* 245.0 (197.7-273.2)* <0.05

0SS 13.5 (7-28)* 34 (22-46)* <0.05

3.5 (0-10)* at 24 hours <0.05

VAS pain score 8.5 (6-10)* 2 (0-5)* at 1 week <0.05

2.5 (1-6)* at 8 weeks <0.05

* Data are medians, with ranges given in parentheses. ' Symptomatic shoulder assessed at 30° external rotation or as close to this position as the
patient could achieve. ¥ Comparison between pre-injection and post-injection measurements of the symptomatic shoulders with use of the Wilcoxon

Signed-Rank test calculator. OSS — Oxford Shoulder Score

anaesthetic block. Follow-up assessment of the elasticity
of the CHL was obtained in 8 treated patients (3 men,
5 women, median age 55.5 years, range 41-72 years) at
10 weeks post-injection. Treated patients had an excel-
lent response to ultrasound guided rotator interval injec-
tion and manipulation under local anaesthetic block,
with improved OSS and reduction in VAS pain scores.
Median OSS was 13.5 pre-injection and 34 at 10 weeks
post-injection. Median VAS pain scores measured 8.5 pre-
injection, 3.5 at 1 day, 2 at 1 week, and 2.5 at 10 weeks.
This was associated with a trend to normalisation of the
elastic modus of the treated shoulder measured in the
neutral position (mean 225 kPa at 10 weeks post-injec-
tion, range 179-266 kPa, median 226.5 kPa) and at to 30°
of external rotation (mean 236.7 kPa at 10 weeks post-
injection, range 198-273 kPa, median 245.0 kPa). (Tab. 4
and Tab. 5).

Discussion

Using SWE, we found that the CHL was significantly
thicker and stiffer in the symptomatic shoulder com-
pared with the asymptomatic side, consistent with pre-
vious studies'*!¥. Previous studies have stated that the
thickening of the CHL is a key imaging finding in adhe-
sive capsulitis on US® and MR imaging®2!-23_ This is
consistent with the hypothesis that stiffening of the CHL
may play a key role in limiting the range of movement
in frozen shoulder*'¥, To date, there was no available
data obtained using SWE regarding the elasticity of the
CHL post-treatment for frozen shoulder. In this study,
we observed a reduction in the stiffness of the CHL in
both a neutral position and maximal external rotation
following successful treatment with ultrasound guided
rotator interval injection. This reduction in CHL stiffness
was associated with reduced pain scores and improved
Oxford Shoulder Scores. This clinical improvement
is consistent with previous papers describing rotator
interval injections for the treatment of adhesive capsuli-
tis?429, These findings may support the previous ortho-
paedic investigation that release of the CHL is associ-
ated with increased shoulder ROM® 12 Several other
biomechanical studies have also indicated that tension in
the CHL can have a significant impact on glenohumeral

joint range of movement by providing resistance in
the inferior and posterior translations of the humeral
head and resisting rotation®2?. A number of different
treatments are available for adhesive capsulitis includ-
ing physiotherapy, steroid injections, hydrodilatation,
manipulation under anaesthesia, and arthroscopic cap-
sular release!3?. The patients in our study were only
treated with rotator interval injections and manipula-
tion under local anaesthesia. The authors speculate that
manipulation under local anaesthesia may allow for an
improved range of movement by directly stretching the
stiffened CHL and capsule. All our patients are advised
to perform regular exercises to maintain their range of
movement, and the authors postulate that continued
exercise with associated progressive improvement in
range of movement likely contributes to the changes in
elasticity described in our paper, however further stud-
ies are required to investigate this further. In addition,
future research is required to determine whether other
treatment strategies may result in similar normalisation
of CHL elasticity.

There are several limitations to our study which should
be addressed. None of our patients underwent arthro-
scopic release, and no histological correlation is available.
Our study cohort is relatively small, and larger age- and
sex-matched studies would provide additional informa-
tion. Differences in measurement locations could have a
significant impact on SWE measurements, and it is pos-
sible that measurements taken closer to the attachment
site may result in higher CHL elasticity measurements.
While our study protocol was consistent in the location
of measurement, only one region of interest was analysed
near the coracoid process. This was also consistent with
previous published work"?, but may not provide a com-
plete picture of the elastic properties of the entire CHL.
Other recent studies have suggested that changes in the
elastic modulus of the rotator cuff tendons may also occur
in adhesive capsulitis”*?, which we have not measured.
Further studies are required to further investigate these
findings in order to fully understand complex changes in
the elastic properties of the rotator interval structures and
rotator cuff tendons that may occur in adhesive capsulitis.
However, we believe that these limitations did not affect
our results.
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Tab. 5. Coracohumeral ligament (CHL) thickness and elasticity of
the symptomatic shoulder pre- and post-treatment in the
neutral and 30° external rotation (ER) position

Conclusion

US guided injection of the rotator interval and manipu-
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