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Introduction: While the exact mechanism of primary adhesive capsulitis is unknown, we know that it has strong
associations with diabetes mellitus (DM). Although self-limiting, a significant percentage of patients still have
persistent pain and stiffness beyond 3 years. Arthroscopic capsular release (ACR) has been described as a suc-
cessful intervention for recalcitrant adhesive capsulitis that provides early and long-term recovery. The aim of
this study is to investigate the relationship between DM and ACR.

Methods: We reviewed prospectively collected data of 56 consecutive patients with idiopathic frozen shoulder
who underwent ACR (360° arthroscopic capsulotomy) under a single surgeon. Range of motion, pain score and
shoulder function (Constant Shoulder Score, Oxford Shoulder Score, University of California Los Angeles
Shoulder Score) were documented preoperatively and one year postoperatively. Patients were dichotomized into
diabetic (n = 32) and non-diabetic patients (n = 24) and compared using a mixed ANOVA design to investigate
for differences in outcomes.

Results: Both group of patients had significant improvement in range of motion, reduced pain scores and im-
proved shoulder scores one year postoperatively (p = 0.000). Diabetic patients had poorer internal rotation
(p = 0.000), forward flexion (p = 0.035) and poorer postoperative Constant Shoulder score (p < 0.05).
Otherwise both groups improved equally in all other aspects.

Conclusion: ACR offered good outcomes in both diabetic and non-diabetic patients in terms of range of motion,
pain relief and shoulder function. However diabetic patients had poorer improvement in internal rotation and
forward flexion postoperatively. Preoperative counselling and postoperative rehabilitation can be better tailored
to treat diabetic patients with idiopathic adhesive capsulitis.

1. Introduction

Adhesive capsulitis of the shoulders is a common orthopaedic con-
dition characterized by progressive pain and global restriction in
movement at the glenohumeral joint as a result of synovial thickening
of the capsule and global soft tissue contracture.’

Although adhesive capsulitis is generally self-limiting,” studies have
reported that up to 40% of patients experience persistent symptoms of
pain and stiffness beyond 3 years and 7-15% have some degree of
permanent functional loss.®* Arthroscopic capsular release (ACR),
which involves the debridement of rotator interval between the su-
praspinatus and infraspinatus and the circumferential division of the
shoulder capsule, is recognized as the definitive treatment for re-
calcitrant adhesive capsulitis and provides early and long-term re-
covery.””’

While the exact mechanism is unknown in primary adhesive cap-
sulitis,® we know that risk factors include the female gender,’ diabetes
mellitus (DM)'°"? and hyperthyroidism,'? among which DM demon-
strated the strongest association with adhesive capsulitis, with an in-
cidence of 28-40% in patients with adhesive capsulitis compared to
2-5% in the general population.'*~*¢

The chronicity of DM and its complications make it a costly disease
with large socioeconomic burden.'” The number of people affected by
DM has increased from 108 million in 1980 to 422 million in 2014'®
and this rise is attributed to increasing trends of sedentary lifestyle,
unhealthy diet and obesity.'® With rising incidence, we expect to see
more patients with adhesive capsulitis having a background of DM.

Given the significant association between DM and adhesive capsu-
litis, we hypothesize that DM does affect outcomes of ACR for adhesive
capsulitis.
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Fig. 1. Subject selection.

2. Methods

We retrospectively reviewed prospectively collected data of 105
consecutive patients with frozen shoulder who underwent ACR under a
single fellowship trained shoulder surgeon (the senior author of this
study) from 2010 to 2016. 40 patients had rotator cuff tears and were
excluded from the study. 9 patients were subsequently excluded due to
the lack of follow-up data. Fig. 1 illustrates the inclusion process of the
studied subjects. The remaining 56 patients with the diagnosis of
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idiopathic frozen shoulder were dichotomized into diabetics and non-
diabetics.

Preoperatively, all patients had limitation in both active and passive
ROM with no evidence of rotator cuff tear on imaging via ultrasound or
magnetic resonance imaging. All subjects in this study were operated on
in the frozen stage. They attempted physiotherapy for a minimum of 6
months with the use of oral anti-inflammatory and demonstrated poor
clinical improvement with impairment of daily function.

ACR was performed under general anaesthesia in a beach chair
position at 70° for all patients. This method is standardized and adopted
for all patients undergoing arthroscopic capsular release in this in-
stitution and is a widely used approach.?®>! First, an inspection of the
glenohumeral joint is done via the posterior viewing portal (Fig. 2A).
The rotator interval is released using an electrocautery device (Fig. 2B)
and the anterior capsule is divided down to the 6 o'clock position. The
middle glenohumeral ligament (Fig. 2C) followed by the inferior cap-
sule is then released (Fig. 2D). A gap is created between the ante-
roinferior capsule and head of the humerus to prevent recurrence
(Fig. 2E). The articular surface of the subscapularis tendon is released
but sparing the subscapularis muscle (Fig. 2F). Here, the integrity of the
subscapularis and adequacy of release is tested by ranging and ex-
ternally rotating the shoulder. Portals are then switched and posterior

Fig. 2. Technique of arthroscopic capsular release.

(A) Inspection. (B) Clearing the Rotator Interval. (C) Releasing the Anterior capsule. (D) Releasing the Middle glenohumeral ligament. (E) Releasing the Inferior
capsule. (F) Creating a gap to prevent recurrence. (G) Releasing the Subscapularis. (H) Releasing the Posterior capsule. (I) Completing the release of the Inferior

capsule.
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Supraspinatus

5. Posterior capsulotomy
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capsulotomy

MGHL = Middle glenohumeral ligament

Fig. 3. Schematic representation of the right shoulder.
MGHL = Middle glenohumeral ligament.

Table 1

Patient demographics.
Variables Group distribution P

Diabetic (32) Non-Diabetic (24)

Gender (Female, percentage) 44.4 41.4 1.00
Gender (Male, percentage) 55.6 58.6 1.00
Age (years, range) 56.9 53.6 0.14
Mean duration of symptoms 6 months-1 year 6 months-1 year 0.08
Dominant shoulder affected 17 15 0.546
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Long head of biceps
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inflamed synovitis in
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/| |and anterior capsule

g Subscapularis

3. Release of
subscapularis tendon

Axillary nerve

capsulotomy (Fig. 2G) and completion inferior capsulotomy (Fig. 2H)
are performed via the anterior viewing portal, taking care not to da-
mage the axillary nerve (Fig. 3). The joint is thoroughly irrigated before
closure. All patients in this study had no rotator cuff pathology as
confirmed both preoperatively with imaging and intraoperatively. None
of the patients received intra-articular injections.

Postoperatively, all patients were given appropriate analgesics and
kept on arm sling up to one week for pain relief. All subjects were
discharged on postoperative day one. Physiotherapy was initiated two
weeks after surgery, starting with passive ROM exercises then pro-
gressing to active ROM exercises when pain was well controlled. The
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Fig. 4. Preoperative and postoperative forward flexion and abduction.
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Table 2
Mixed ANOVA analysis.
Preoperative Postoperative
DM No DM DM No DM
Range of motion
Forward Flexion (%) 83.1 82.5 123.0 132.5!
Abduction (%) 57.3 60.0 117.0 127.7
External Rotation 2.31 0.96 8.06 9.36
Internal Rotation 2.81 3.17 6.19! 8.50!
Strength
Isometric (lbs.) 2.76 2.24 9.32 10.47
Pain
VAS 6.47 6.96 2.09 1.20
Constant Score (Pain) 4.56 5.18 11.90 13.20
Outcomes Scores
Constant Shoulder Score 29.2 24.4 64.3! 74.2!
UCLA Score 14.4 13.6 27.9 29.2
Oxford Score 35.3 38.5 14.4 17.7

1p-value (when comparing between DM and non-DM patients) is < 0.05.

senior author of this study assessed the patients two weeks, one month,
three months, six months and one year after surgery for clinical im-
provement and surgical complications.

Patient data was collected preoperatively, one month post-
operatively, six months postoperatively and one year postoperatively
by a group of experienced physiotherapists at a specialized data col-
lection centre. ROM in forward flexion and abduction were measured
using Dualer IQ Pro™ Digital Inclinometer and recorded in degrees.
External rotation was recorded according to Active Function Composite
External Rotation Constant score, where tasks involving shoulder and
elbow movements are to be performed with the instruction of being
‘unassisted’ and ‘hands not touching the head’.”” Internal rotation was
recorded according to the Active Functional Composite Internal Rota-
tion Constant score, where tasks must be done ‘unassisted’, and the
patient's thumb was used as a pointer for the ability of the hand to reach
a certain level.”

Pain and functional status of the patients were evaluated using
Visual analog scale (VAS), Constant-Murley Shoulder Score (CMSS),*?
University of California at Los Angeles (UCLA) shoulder score”® and
Oxford shoulder score (0SS),”* and data was collected using
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standardized survey forms. The VAS score measures solely patient re-
ported pain. The CMSS evaluates the overall functionality of patients
with shoulder disorders via the four parameters of pain, activities of
daily living (ADLs), ROM (forward flexion, abduction, external and
internal rotation) and strength. The UCLA Shoulder Score measures the
level of disability using five parameters of pain, function, active for-
ward elevation, strength of forward flexion and satisfaction, and the
0SS measures the impact of shoulder conditions on patients' quality of
life.

Patient demographics between the two groups were compared using
Chi Square Test (categorical variables) and Student's T Test (continuous
variables). Preoperative and one-year postoperative outcomes were
compared between the two groups using a Mixed ANOVA design of
repeated measures and Two-Way ANOVA. Repeated measures ANOVA
testing for preoperative and postoperative difference. Two Way ANOVA
was used to test for differences between diabetic and non-diabetic pa-
tients. Each paired variable was tested for separately. Post Hoc testing
was carried out if main effects demonstrated significant interactions. All
analyses were carried out using Statistical Package for the Social
Sciences (SPSS) version 23.

3. Results

Table 1 demonstrates the baseline characteristics of both groups.
There were no significant differences between diabetic and non-dia-
betic patients.

All patients who underwent ACR demonstrated significant im-
provement (p < 0.05) in ROM, pain scores and shoulder scores.
Diabetic patients had poorer improvement in internal rotation and
forward flexion compared to non-diabetic patients. Diabetic patients
also had poorer postoperative Constant Shoulder Scores. The findings
are summarized in Fig. 4, Fig. 5 and Table 2.

4. Discussion

The relationship between musculoskeletal diseases, joint restriction
and DM is well described.'®?® Of the multiple musculoskeletal diseases,
frozen shoulder was the most common.'%2® Despite multiple reports of
correlation between DM and reduced joint ROM, the pathophysiology
remains unexplained,”” and there are very few studies describing the
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effects of DM on postoperative outcomes for adhesive capsulitis.

In our study with a sample size of 56 patients, all patients demon-
strated significant improvement in ROM and outcome scores with de-
creased pain scores postoperatively. This is consistent with the estab-
lished effectiveness of ACR.®?%>° Various methods have been described
for arthroscopic capsulotomy and some papers emphasize that anterior
inferior capsulotomy alone was sufficient.'>***! In our study, 360°
arthroscopic capsulotomy was performed for all patients.

Although there was improvement in all ROM, diabetic patients de-
monstrated poorer postoperative forward flexion and internal rotation.
We believe that the thicker capsular contractures in diabetic patients,
due to increased vascular endothelial growth factor expression, ab-
normal collagen cross-linking and fibrosis,**>* had resulted in the in-
adequacy of the usual method of release. In particular, the use of a
similar threshold of release for both diabetic and non-diabetic patients
to avoid injury to the axillary nerve, which crosses the inferior border of
the subscapularis just medial to the musculotendinous junction where it
continues posteriorly along the inferior capsule (Fig. 3), possibly con-
tributes to an insufficient extent of release of the inferior capsule for
diabetic patients.*>*®

All patients reported improvement in functional scores at one-year
follow-up. Diabetic patients had less improvement of CMSS but no
significant difference in OSS, UCLA shoulder score and VAS pain scores.
This is likely due to the inclusion of ROM in all planes as part of the
assessment in CMSS when compared to the other functional score.
Although CMSS was reported to correlated with 0SS,>” CMSS assesses
ROM and strength on top of the subjective patient-reported measures
(ADLs and pain)®** while OSS mainly reflects patient-reported out-
comes.** Similarly, when comparing CMSS to UCLA score, which in-
tegrates active ROM and strength of forward flexion with subjective
patient-reported measures (pain, satisfaction and function),>®> CMSS
includes all four ROMs while UCLA score only reflects forward flexion
in its objective measurement and does not reflect internal rotation.
Patients in our study had significantly poorer internal rotation, which
would have only been accounted for in CMSS. Overall, our results show
that diabetic patients have similar improvement in function, pain and
the other ROMs (abduction and external rotation) to non-diabetic pa-
tients. Our study points towards a poorer improvement in internal ro-
tation as the main source of difference in CMSS between diabetic and
non-diabetic patients.

The limitations of this study include the lack of data on diabetic
control. Although previous study showed no definite association be-
tween glycosylated haemoglobin Alc and the severity of frozen
shoulder,®® we believe that prolonged uncontrolled DM would inad-
vertently affect the degree of capsular fibrosis. This may be a worth-
while consideration for future studies. Other limitations include a small
patient pool with the lack of blinding of assessors to the groups.

The strength of this paper includes the use of prospectively collected
data by a dedicated data collection centre with standardized pre-
operative and postoperative management and rehabilitation. Recruiting
patients under a single surgeon limits variability of the study, although
we acknowledge that it brings about other biases.

5. Conclusion

We conclude that DM affects recovery in internal rotation and for-
ward flexion post-ACR and that diabetic patients would benefit from
better preoperative counselling and aggressive postoperative re-
habilitation. ACR is still effective in improving ROM in the other planes,
improving function and reducing pain despite the presence DM.
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