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ABSTRACT
Aim: There is limited information on periarthritis/adhesive capsulitis of the shoulder (ACS) in
patients with type-1-diabetes mellitus (T1D). We assessed the prevalence and characteristics of ACS in
patients with type-1-diabetes mellitus.
Methods: Consecutive 267 patients attending 'Diabetes of Young Clinic' were screened for ACS.
Those with clinical features of ACS were further assessed by 'shoulder pain and disability index'
(SPADI), radiograph and MRI of the shoulder. The average glycemic status (HbA1c) during preceding
2 years was assessed in patients with and without ACS. Controls were age and sex matched healthy
subjects (1:1 ratio).
Results: Sixteen of 267 patients (6.0%) with type-1-diabetes had clinical features of ACS, unlike none
of the healthy controls (P < 0.001). Internal and external rotation of the shoulders was the most
frequently restricted movements in ACS. Thickened coracohumeral ligament and axillary pouch
obliteration was characteristic MRI feature, present in 80.0% in 73.3% cases, respectively. Though
14/16 type-1-diabetes patients with ACS were symptomatic, they never reported these complaints in
diabetic clinic with the treating physicians. On regression analysis (odds ratio; 95% CI), duration of
diabetes (1.1; 1.03-1.17, P < 0.01), retinopathy (3.6; 1.05-12.52, P = 0.04), and limited joint mobility
(6.4; 1.88-21.95, P < 0.01) were independent predictors for presence of ACS in type-1-diabetes. The
mean HbA1c and lipid levels were comparable in patients with or without ACS.
Conclusions: Six percent of patients with type-1-diabetes had ACS, which can be detected on clinical
screening and conﬁrmed by imaging to help initiate early treatment.
Keywords: Type1 Diabetes, complications.
Introduction
Adhesive capsulitis of the shoulder (ACS)
is a painful and functionally limiting condition
(1). It is characterized by pain, stiffness and
progressive restriction inactive and passive

range of motion of the glenohumeral joint. It is
observed in up to 20-25% of patients with type 2
diabetes and shows variable association with the
severity of hyperglycemia and hyperlipidemia
(2-5). Patients with type 1 diabetes might also
show similar association with ACS (6).
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However, to date there is no systematic study
describing the clinical aspects, prevalence and
imaging features of ACS in patients with Type 1diabetes. Here we describe the prevalence of
ACS, clinical features, related disability and the
magnetic resonance imaging (MRI)
characteristics of ACS in a large cohort of 267
patients with type 1 diabetes.
Material and Methods
Patients with type-1-diabetes were
recruited from the 'Diabetes of Young Clinic' at
'All India Institute of Medical Sciences', New
Delhi. Patients with onset of diabetes < 30 years
of age are registered and followed-up in this
clinic since 1990. All the patients attending the
clinic during a six-month period were examined
for the presence of adhesive capsulitis of
shoulder by a clinician and an occupational
therapist (authors AN and HB). Those with
duration of diabetes less than two years,
pregnancy, history of trauma or any other disease
affecting the shoulder region were excluded. The
details of duration, onset of diabetes, associated
thyroid dysfunction, presence of retinopathy (as
conﬁrmed by ophthalmologist) and GAD65
autoantibody positivity were noted from the
records of the patients maintained in the clinic.
Peripheral neuropathy was assessed using
symptoms and signs scores as suggested by
Meijer et al (7). Estimated glomerular ﬁltration
rate (eGFR) was calculated as suggested by
Cockcroft and Gault (8). Glycemic control was
assessed by average of the last four HbA1c
values of the patients. A fresh blood sample was
also drawn for their current HbA1c.
Diagnosis of Adhesive Capsulitis
ACS was diagnosed based on the criteria
suggested by the 'American shoulder and elbow
association' (9-11). The essential criteria were
restriction of active and passive movements of
the shoulder and absence of other intrinsic
shoulder disorders. Restriction of shoulder
movements was assessed by Apley's scratch
physical test (9). In this test, patients were asked

to reach behind the head and touch the superior
aspect of the opposite scapula with the hand to
assess their abduction and external rotation.
Internal rotation and adduction of the shoulder
were tested by asking the patient to reach behind
the back and touch the inferior aspect of the
opposite scapula. Patients with positive Apley's
test were examined by an orthopedic expert
(authors HLN). The range of shoulder joint
motion in active condition was quantiﬁed during
ﬂexion, extension, abduction external and
internal rotation using a universal goniometer
(Baseline, New York). A restriction of
movement of more than 25% in any of these was
considered signiﬁcant. To assess association
between ACS and limited joint mobility (LJM)
of hand, patients were also examined for the
presence of 'prayer sign' (12).
Shoulder Pain and Disability Index (SPADI)
Pain and functional loss related to ACS
w e r e a s s e s s e d b y S PA D I a s p e r t h e
recommendation of 'American Physical Therapy
Association' (13-15). SPADI is a selfadministered questionnaire with ﬁve questions
on severity of pain and eight questions on
disability during activities of daily living.
Responses to the questions were graded on
visual analog scale where '0' indicated no
pain/disability and 10 being the maximum. The
highest possible scores for pain and disability
were 50 and 80, respectively.
Imaging for the Shoulder Joint
Patients with restricted movements were
subjected to radiography and non-contrast MRI
of the affected shoulder joint. If restriction was
present in both the shoulder joints, the more
severely affected one was imaged. The MR
scans were evaluated by two radiologists
(authors, RS and DK) and ﬁndings were
recorded by consensus.
Controls were healthy nursing and
medical students of the Institute and
acquaintances of the patients. They were age and
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sex matched (± two years) in 1:1 ratio with the
patients' cohort. The study was approved by the
ethics committee of the All India Institute of
Medical Sciences, New Delhi. Written informed
consent was obtained from all the subjects
undergoing radiographs and MRI studies. The
work was carried out with the support of
ﬁnancial grant from Indian council of Medical
Research (#5/4/5-5/Diab.-16-NCD-II).
Statistical Analysis
Data are shown as mean ± SD with
frequencies in percentage. The clinical and
biochemical characteristics of patients with and
without ACS were compared by parametric and
nonparametric tests as appropriate. The
differences in the frequency of ACS between
patients and controls were compared using
Fisher's exact test. A two tailed P value < 0.05
was considered signiﬁcant.
Results
Figure 1 shows the ﬂow of patients in the
study. A total of 300 subjects with type-1diabetes attended the clinic during the study
period. Controls included 267 subjects during
the same period. Two hundred ninety of type-1diabetes could be contacted to participate in the
study. Twenty three of 290 subjects with type-1diabetes were excluded for various reasons
(signiﬁcant injury around shoulder in the past, n
= 9; duration of diabetes < 2 yrs, n = 9; and n =
one patient each with severe kyphoscoliosis,
multiple sclerosis, furuncle over shoulder, past
history of joint tuberculosis and age of onset of
diabetes > 30 yrs). Final results are reported for a
total of 267 patients (M:F 134:133). Table 1
shows the clinical characteristics and
biochemical features of the patients. Their mean
age, body mass index and duration of diabetes
were 26.6 ± 10.7 years, 20.4 ± 3.7 kg/ m2 and
13.0 ± 8.4 years respectively. Thyroid
dysfunctions were present in 38 (14.2%) of them
(hypothyroidism, n = 35, and Graves' disease, n
= 3). However, all these patients were euthyroid
on appropriate treatment. History of diabetic

ketoacidosis was present in 189 patients.
GAD65 antibody was positive in 103 of the 181
type-1-diabetes patients in whom test results
were available. Limited joint mobility of hand
joints was present in 30 (11.2%) of type-1diabetes patients.
The M:F ratio and the mean age of the
healthy controls (134:133 and 26.9 ± 10.8 years)
was comparable to that of type-1-diabetes
patients (P = 0.96 and 0.72, respectively).
Prevalence of Adhesive Capsulitis
Sixteen of the 267 patients with type-1diabetes (6.0 %) had clinical features of ACS. In
contrast, none of the controls showed restriction
of any movement of the shoulder joints (P <
0.001). Restriction of internal (n =13) and
external rotation (n = 8) were the most common
abnormalities and all of them demonstrated
restriction of either one or both of these
movements. In addition, extension was
restricted in seven of them and ﬂexion and
abduction movements were restricted in three
each. The range of shoulder joint movements on
goniometry was reduced by 40 ± 11.4% for
internal rotation, 31 ± 17.8% for external
rotation, 19 ± 19.4% for abduction, 23 ± 11.6%
for extension and 17.2 ± 16.2% for ﬂexion. The
median SPADI scores for pain and disability
were 6 (range 0-29) and 14 (range 0-49),
respectively.
Clinical Characteristics of Patients with and
without Adhesive Capsulitis of Shoulder
Table 1 shows the clinical and biochemical
characteristics of patients with and without ACS.
The mean age (37.0 ± 11.6 years) and duration of
diabetes (24.1 ± 11.6 years) of patients with ACS
were signiﬁcantly different from those with no
ACS (26.3 ± 10.36 years and 12.5 ± 7.62 years, P
< 0.01 and P < 0.05, respectively). The
prevalence of retinopathy and neuropathy was
signiﬁcantly higher in patients with adhesive
capsulitis compared to those with no such
features (Table 1). Similarly, LJM was present in
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Pa ents a ending diabe c clinic
of young during study period
(n = 300)
Could not be contacted
(n = 10)
Pa ents contactable
(n = 290)

Excluded (n = 23)
History of shoulder injury (n = 9)
Dura on of DM <2 years (n = 9)
Kyphoscoliosis (n = 1)
Mul ple sclerosis (n = 1)
Age of onset of DM > 30 yrs (n = 1)
Furuncle over shoulder (n = 1)
Shoulder joint TB (n = 1)

Clinical assessment for ACS
(n = 267)

No ACS
(n = 251)

ACS present
(n = 251)
Pregnant woman excluded for imaging
(n = 1)
X ray and MRI of shoulder
(n = 15)

Radiologic features of ACS
(n = 14)

Fig. 1: Flow of patients in the study

Normal imaging
(n = 1)
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Table 1: Characteristics of type 1 diabetes patients with and
without adhesive capsulitis of shoulder
Adhesive capsulitis
Parameters
Sex (M:F)
Age ( years)
Duration of diabetes (years)
Body mass index ( Kg/m 2 )
Hypothyroidism (%)
Current HbA1c (%)
Average pooled HbA1c (%)
Total cholesterol (mg/dL)
Serum triglycerides (mg/dL)
Serum LDL(mg/dL)
Serum HDL(mg/dL)
Proteinuria > 150 mg/day (n)
Serum creatinine (mg/dL)
eGFR < 60 ml/minute
Diabetic retinopathy (n)
Neuropathy (n)
Limited joint mobility ( % )

higher proportion in patients with ACS as
compared to those with no ACS (43.7% vs.
9.6%, P < 0.05). On regression analysis (odds
ratio and 95% CI) with ACS as dependent
variable, only duration of diabetes (1.1 and 1.031.17, P < 0.01), presence of retinopathy (3.6 and
1.05-12.52, P = 0.04), and limited joint mobility
(6.4 and 1.88-21.95, P < 0.01) were independent
predictors for presence of ACS in type-1diabetes.
The M:F ratio, mean BMI, frequency of
thyroid dysfunction, proteinuria (> 150 mg/day),
mean serum creatinine and lipids were
comparable in patients with and without ACS
(Table 1). The mean current HbA1c (9.0 ± 2.5%
vs. 9.2 ± 2.15%) and pool of last four HbA1c
values (9.0 ± 2.0% and 9.2±2.70%) were
comparable between the two groups (P= 0.82
and 0.73, respectively).

Present
(n = 16)
7:9
37.0 ± 11.6
24.1 ± 11.6
21.2 ± 3.8
12.5%
9.0 ± 2.5
9.0 ± 2.0
169 ± 28.8
107 ± 48
90 ± 30
54.5± 13.5
1 (6.2%)
0.8 ± 0.3
2 (12.5%)
9 (56.2%)
9 (56.2%)
43.7%

Absent
(n = 251)
127:124
26.0 ± 10.4
12.3 ± 7.6
20.3 ± 3.8
13.1%
9.2 ± 2.2
9.2 ±2.7
165 ± 34.3
100.4 ± 52.0
92.5 ± 28.3
54.0 ± 17.6
20 (8.3%)
0.8 ± 1.1
18 (7.1%)
32(12.7%)
31(12.4%)
9.6%

P value
0.59
<0.001
<0.001
0.37
0.97
0.82
0.73
0.70
0.61
0.73
0.88
0.77
0.99
0.34
<0.05
<0.05
<0.001

MRI Features
Fifteen of the 16 patients with ACS
underwent radiography and MRI of the shoulder.
One patient was pregnant and was excluded
from imaging. Table 2 shows the frequencies of
salient features of ACS on MRI. Thickening of
the coraco-humeral ligament was the most
frequent abnormality (n=12, 80%), followed by
axillary pouch obliteration (n=11, 73.3%) (Fig.
2). Other features included thickening of capsule
over axillary pouch (n= 8, 53.3%), sub-coracoid
fat pad obliteration (n=8, 53.3%) and
supraspinatus tendinitis (n= 4, 26.6%). On plain
radiograph, four of 15 (26.6%) also had sclerosis
of the greater tuberosity of humerus.
Discussion
In the present study, patients with type 1
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Table 2: Frequency of abnormalities detected on MRI in 15 diabetes
patients with adhesive capsulitis of the shoulder
Coracohumeral
Axillary
Thickening Subcoracoid Supraspinatus Frequency
ligament
pouch
of capsule
fat pad
tendinitis
of
thickening
obliteration
over
obliteration
combination
axillary
pouch
Combination
+
+
+
+
+
1
1
Combination
+
+
+
+
5
2
Combination
+
+
+
+
1
3
Combination
+
+
+
1
4
Combination
+
+
2
5
Combination
+
+
2
6
Combination
+
+
1
7
Combination
+
1
8
No
1
abnormality

+ve = present, -ve - = absent
diabetes were actively screened for the presence
of ACS of shoulder, its signiﬁcance on their daily
activities and the imaging characteristics were
assessed. Further, association of ACS with
glycemic control and other chronic
complications of diabetes were sought. The
study revealed a 6.0% prevalence of ACS among
patients with type-1-diabetes. The observed
prevalence was similar to that of Arkkila et al.,
who also observed 10.3% prevalence of ACS in
type-1-diabetes. The mild difference in
prevalence rate of ACS in type-1-diabetes
observed by Arkkila et al., could be due to the
higher age and duration of diabetes of their
cohort (higher by ﬁve years each). Interestingly,
the longer duration of diabetes with ACS was
also forthcoming in the present study. In the
present study, on an average, patients with ACS
were a decade older than those without ACS and
also had longer duration of diabetes by 12 years
compared to those with no feature of ACS.

The patients with ACS had longer duration
of diabetes and prevalence of diabetic
complications of neuropathy and retinopathy
(56.2% for each) as compared to those with no
ACS. With each year increase in duration of
diabetes, the prevalence of ACS increased by
11%. The odds of presence of ACS in type-1diabetes patients were 6.4 times higher if they
had LJM. The occurrence of ACS with
increasing duration of diabetes and
microvascular complications justiﬁes its
reference as another form of chronic
complication among patients with type-1diabetes. Despite association of ACS with
chronic complications, we did not observe a
signiﬁcant difference in the HbA1c levels
between patients with and without ACS. There
has been no systemic study on the association of
long term glycemic control with ACS in patients
with type-1-diabetes. However, patients with
type 2 diabetes show variable association of
glycemic status with ACS (16-19). Prospective
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Thickening of
Coracohumeral
ligament

Normal
Coracohumeral
ligament

A

B

Normal supraspinatus tendon

Supraspinatus tendini s

Normal
axillary
pouch

C

Oblitera on of
axillary pouch
and
thickening of
capsule

D

Fig. 2: T1 weighted MR images (A, B) in sagittal oblique plane showing normal
appearance of coracohumeral ligament (arrow in image A) and abnormally thickened
coracohumeral ligament with surrounding fat stranding (arrow in image B).
T2 weighted fat suppressed images (C, D) in coronal oblique plane showing normal
axillary pouch (black arrow in image C) and thickening of capsule with obliteration
of axillary pouch (black arrow in image D). There is supraspinatus
tendinitis with associated marrow edema also seen (white arrow in image D).
studies would help understand the interplay
between long term glycemic control and ACS.
The restricted shoulder movements were
functionally relevant as revealed by mild to
moderate impairment in SPADI score for pain
and disability. Shoulder pain and disability could
lead to difﬁculty in concentrating, working and
interference in their daily activities like insulin
injection and physical exercise involving upper
limb. Interestingly, despite evidence of ACS and
its functional impact, 14 of the 16 patients with

ACS were newly detected in the study. These
patients were referred for expert care. The
reasons for inability of the patients to seek
medical advice by a majority of the patients are
not known. However, several factors could be
contributory including lack of awareness of this
condition or their pre-occupation with a host of
other problems related to diabetes.
Notwithstanding these, the current study shows
that ACS could be a signiﬁcant problem in
patients with type-1-diabetes akin to type 2
diabetes and needs to be assessed during routine
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follow-up. The present study also showed that
coraco-humeral ligament thickening and/or
axillary pouch obliteration in more than 90% of
them on MRI could provide objectivity to the
clinical diagnosis of ACS.
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