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SUMMARY
OBJECTIVE: This study aims to investigate magnetic resonance imaging (MRI) findings in adhesive capsulitis (AC) and determine the 

most valuable MRI finding in diagnosis using easily applied quantitative methods. 

METHODS: Shoulder MRI was performed on 193 patients who were diagnosed with AC by clinical examination and 116 controls. 

Axillary pouch thickness (APT), superior and inferior glenohumeral ligament (SGHL and IGHL) thickness, coracohumeral ligament (CHL) 

thickness, fluid increase and soft-tissue thickness in the rotator interval (RI), and increases in the fluid and signal in the localization of 

biceps tendon attachment were evaluated. MRI examinations were assessed by three radiologists blinded to the clinical findings of the 

patients, and the results were obtained based on consensus and records. 

RESULTS: There were 119 women and 74 men in the AC group and 80 women and 36 men in the control group. IGHL, SGHL, RI, 

and CHL thicknesses were measured thicker in AC patients than in the control group. When IGHL=4, RI=3.6, SGHL=2.0, CHL=4.6-mm 

cutoff, the area under the receiver operating characteristic (ROC) curve (AUC) values were 0.700, 0.922, 0.972, and 0.783, respectively.

CONCLUSIONS: According to the results obtained in this study, IGHL=4 mm, RI=3.6 mm, SGHL=2.0 mm, and CHL=4.6 mm can support 

the diagnosis of AC. Using the quantitative values in diagnosis can provide objective criteria and prevent variability among interpreters.
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INTRODUCTION
Adhesive capsulitis (AC) is a clinical condition of uncertain etiol-
ogy. Diagnosis is mostly clinical, and the role of radiology is mostly 
secondary to confirm or deny the presence of contributory causes 
and perhaps the extent of disease1. AC is a diffuse inflammatory 
disease involving the scapulohumeral joint, joint capsule, joint syno-
vial tissue, glenohumeral ligaments, periarticular tendon and bur-
sae (especially the subacromial bursa), and biceps tendon sheath2. 

There are various studies on the magnetic resonance 
imaging (MRI) findings of AC, examining signal changes 

and morphological changes in different anatomical struc-
tures in the shoulder joint3-5. However, a clear consensus has 
not yet been achieved among the findings of studies on the 
diagnosis of this condition. Therefore, interobserver variabil-
ity among physicians interpreting MRI may be very high. 
This study aimed to quantitatively evaluate the changes in 
the MRI signal and morphological changes including the 
thickness of the capsuloligamentous structures and consid-
ered to be affected by AC and to compare the diagnostic 
values of these findings.
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METHODS
This retrospective study was approved by our institutional ethical 
committee and carried out in accordance with the Declaration of 
Helsinki and the Good Clinical Practice Guidelines. The require-
ment for informed consent from the patients was waived due 
to the retrospective nature of the study.

Patients who were diagnosed with AC at the Physical Therapy 
and Rehabilitation Clinic between January 2018 and April 2020 
and underwent a shoulder MRI examination were included in 
this study. The diagnosis of AC was made by the clinician based 
on the clinical examination. The control group was formed with 
patients that were referred to MRI by the same clinic for the 
exclusion of conditions other than AC, such as fibromyalgia 
and myofascial pain syndrome, and were determined to have 
no morphological and signal changes in the structures affected 
by AC. The patient and control group list was determined by 
the clinician. The radiologists who performed the evaluation 
had no clinical knowledge of the patients.

MRI examinations were performed using a 1.5 T device 
(Philips Ingenia, Best, The Netherlands) and a phased array 
shoulder dedicated coil. A 160-mm field of view (FOV), 3-mm 
slice thickness, 0.3-mm interslice gap, and 256×256 matrix were 
used for all sequences. The parameters used for the oblique cor-
onal proton density (PD) sequence were TR/TE 3,700/30 ms, 
for the oblique coronal T1W sequence were 608/9 ms TR/TE, 
for the axial PD sequence were TR/TE 4,200/30 ms, for the 
oblique sagittal PD sequence were TR/TE 4,600/25 ms, and 
for the sagittal T1W sequence were TR/TE 608/9 ms.

MRI evaluation
All images evaluated were non-contrast shoulder MRIs taken 
with the same device. Fluid increase and soft-tissue thickness 
in the rotator interval (RI) were shown in oblique sagittal PD 
images. The presence of increased fluid and signal at the attach-
ment site of the biceps tendon was shown in oblique sagittal PD 
images. Coracohumeral ligament (CHL) thickness and oblit-
eration of the subcoracoid fat triangle were shown in oblique 
sagittal T1W images (Figure 1). The study was conducted ret-
rospectively, and the evaluation was undertaken based on the 
consensus of three radiologists with 30, 16, and 4 years of expe-
rience in radiology, who examined the images obtained from the 
Picture Archiving and Communication System of our hospital. 

Statistical analysis
The Statistical Package for the Social Sciences (SPSS) package 
program v. 23.0 was used for the statistical analysis of the data. 
The chi-square and Fisher’s exact tests were used for the com-
parison of categorical variables. The Shapiro-Wilk test was 
conducted to determine whether the parameters investigated 

in this study showed a normal distribution. In the compar-
ison of continuous measurements between the groups, the 
normality assumption was checked, and the independent 
Student’s t-test was used for normally distributed parameters 
while the Mann-Whitney U test was used for the parameters 
that did not conform to a normal distribution. The statistical 
significance level was accepted as 0.05 in all tests. The areas 
under the receiver operating characteristic (ROC) curves 
(AUCs) were calculated by using the method that DeLong 
et al.6 found. For each reader, the highest Youden index 
(J=sensitivity+specificity-1) was calculated to select the opti-
mal threshold to discriminate between, and the correspond-
ing sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) were computed. AUC was 
calculated according to the median values for inferior gleno-
humeral ligament (IGHL), superior glenohumeral ligament 
(SGHL), CHL, and RI thicknesses (Table 1). 

Figure 1. (A) Sagittal oblique magnetic resonance T1-weighted 
examination on the left shows slight thickening of the 
coracohumeral ligament (area marked with a hollow arrow) 
and mild obliteration in the subcoracoid fat tissue (marked 
with an asterisk). (B) Proton density-weighted sequence 
examination shows thickened coracohumeral ligament (area 
marked with a hollow arrow), fluid and soft-tissue increase 
in the rotator interval (area marked with an arrowhead), 
and signal increase at the biceps attachment point (area 
marked with a solid arrow). (C) In the coronal oblique plane 
right shoulder magnetic resonance imaging proton density-
weighted sequence, thickened inferior glenohumeral ligament 
is seen (marked with arrow). (D) Proton density-weighted 
magnetic resonance imaging imaging in the axial plane of 
the left shoulder showed significantly thickened superior 
glenohumeral ligament (marked with arrow). 
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Table 1. Cutoff values and statistical analysis of parameters evaluated in this study.

IGHL thickness RI soft-tissue thickness SGHL thickness CHL thickness

AUC 0.700 0.922 0.972 0.783

95%CI 0.621–0.771 0.868–0.959 0.932–0.992 0.709–0.845

Cutoff ≤4.0 ≤3.60 ≤2.0 ≤4.6

Sensitive (%) 100 100 100 100

95%CI 59–100 73.5–100 47.8–100 29.2–100

Specificity 53.74 75.18 95.86 62.25

95%CI 45.3–62 67.2–82.1 91.2–98.5 54.0–70.0

PPV 9.3 25.5 45.5 5

NPV 100 100 100 100

p 0.001 <0.001 <0.001 0.001

IGHL: inferior glenohumeral ligament; RI: rotator interval; SGHL: superior glenohumeral ligament; CHL: coracohumeral ligament; AUC: area under the 
receiver operating characteristic curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.

Table 2. Comparison of the mean values of the investigated parameters between the study groups.

Control Adhesive capsulitis
Total

p
(n=116) (n=193)

n (%) n (%) n (%)

Mean±SD Mean±SD Mean±SD

Obliteration of the subcoracoid fat triangle 
Absent 72 (62.1) 126 (65.3) 198 (64.1)

0.568
Present 44 (37.9) 67 (34.7) 111 (35.9)

Increased fluid and/or signal at the 
attachment site of the biceps tendon 

Absent 58 (50.0) 42 (21.8) 100 (32.4)
0.001

Present 58 (50.0) 151 (78.2) 209 (67.6)

Axillary pouch thickness
3.93±0.72 12.17±2.09 9.08±4.34

0.027
(3–6.1) (6.1–21.2) (3–21.2)

Inferior glenohumeral ligament thickness 
2.68±0.63 3.79±0.66 3.37±0.84

0.034
(1.2–4.1) (2.3–6.1) (1.2–6.1)

Rotator interval soft-tissue thickness 
0.84±1.03 3.72±2.24 2.64±2.34

0.016
(0–4.4) (0–9.2) (0–9.2)

Coracohumeral ligament thickness
2.81±0.49 4.66±1.13 3.97±1.30

0.029
(2.1–5.2) (1–8.1) (1–8.1)

Superior glenohumeral ligament thickness 0.041 0.042 0.043 0.044

SD: standard deviation.

RESULTS
The mean age of the AC group was 51.48±12.41 years and 
that of the control group was 50.09±11.68 years. There was 
no statistically significant difference between the patient and 
control groups in terms of age and gender (p-values 0.023 and 
0.194, respectively).

There was no statistically significant difference between 
the two groups in terms of the obliteration of the subcoracoid 
fat triangle (p=0.568). Concerning the evaluation of signal 
increase at the attachment site of the biceps tendon, there was 
a statistically significant difference between the two groups 
(p<0.05) (Table 2).
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The mean IGHL thickness was 3.79±0.66 (2.3–6.1) 
and 2.68±0.63 (1.2–4.1) mm, respectively; the mean 
SGHL thickness was 2.58±0.99 (2.8–6.7) and 1.33±0.25 
(0.8–2.1) mm, respectively; the mean CHL thickness was 
4.66±1.13 (1–8.1) and 2.81±0.49 (2.1–5.2) mm, respectively; 
and the mean soft-tissue thickness in the RI was 3.72±2.24 
(0–9.2) and 0.84±1.03 (0–4.4) mm, respectively, between 
the two groups. There was a statistically significant differ-
ence between the two groups in terms of all these parame-
ters (p<0.05) (Table 1).

IGHL thickness, RI soft-tissue thickness, SGHL thickness, 
CHL thickness, AUC values that are determined according to 
median values, corresponding sensitivity, specificity, PPV, and 
NPV are shown in Table 1. 

DISCUSSION
Adhesive capsulitis progresses with thickening, contraction, 
and adhesion of the glenohumeral capsule and shoulder 
joint ligaments, followed by decreased capsular enlarge-
ment3-5. Gokalp et al.7 measured axillary pouch thickness 
(APT) using contrast-enhanced shoulder MRI and compared 
it between the AC and control groups, noticing the pres-
ence of a significant difference. However, Petchprapa et al.8 
reported that while there was no difference in the axillary 
pouch width between the patients with AC and the con-
trol group, the capsule-synovium thickness in the axillary 
pouch was increased in the former. Sofka et al.9 showed that 
the APT ranged from 2 to 13 mm among these patients. 
In this study, using non-contrast shoulder MRI, the APT 
was measured as 12.17±2.09 (6–21) mm for the AC group 
and 3.93±0.72 (3–6) mm for the control group, and the 
difference between the two groups was statistically signifi-
cant. However, it is noteworthy that in cases with suspected 
AC, the thickness of the axillary pouch increased compared 
with the controls. In this respect, considering the APT when 
evaluating shoulder MRI in patients with suspected AC will 
be useful for diagnosis.

In this study, the difference between the two groups in 
terms of signal changes at the biceps tendon attachment site 
was statistically significant (p<0.05). These findings are con-
sistent with those reported by previous studies. However, the 
presence of an increased signal at the attachment site of the 
biceps tendon can be seen in many synovitis and synovitis-like 
conditions, and it seems insufficient to support the diagnosis 
of AC when used alone.

Connell et al.10 did not provide numerical measure-
ments, and they stated that the SGHL thickness increased 
and showed signal changes in patients diagnosed with 

AC. Petchprapa et al.8 reported that the SGHL thickness 
increased in AC cases, although the amount of thicken-
ing was not quantitatively specified. In this study, SGHL 
thickness was evaluated in the diagnosis of AC, and the 
AUC value was calculated as 0.972 when a 2-mm cutoff 
was accepted according to the median value. The results 
we obtained from this study show that an SGHL thickness 
of 2 mm and above can help diagnose AC. 

The measurement of IGHL thickness is another valuable 
method in the diagnosis of AC. Teixeira et al.11 observed 
that signal enhancement in IGHL on T2 sequences had 
high sensitivity and specificity. Zappia et al.12 showed an 
increase in IGHL signal with high sensitivity and specific-
ity in T2W sequences in patients diagnosed with AC. Bang 
et al.13 measured the mean IGHL anterior band thickness as 
4.52±1.02 mm for the 54 AC patients and 3.47±0.99 mm 
for the control group. When the information obtained 
from this study and the information obtained from simi-
lar studies are evaluated together, an IGHL value of 4 mm 
and above can be considered as a favorable criterion for 
the diagnosis of AC.

Emig et al.14 suggested that there was no statistically sig-
nificant difference between the AC patients and the control 
group in terms of the CHL thickness measured on conven-
tional shoulder MRI. In a more recent conventional shoul-
der MRI study, Li et al.15 measured the CHL thickness as 
3.99±1.68 mm for the AC group and 3.08±1.32 mm for the 
control group. In this study, the CHL thickness was measured 
as 4.66±1.13 (1–8) mm, and the difference between the two 
groups was statistically significant (p<0.05). According to the 
data obtained, CHL being over 4.6 mm can be considered as 
a finding supporting the diagnosis of AC.

As far as we know, although there are current studies 
examining signal changes in the RI, no quantitative studies 
are investigating soft-tissue thickness in the RI16,17. In this 
study, the soft-tissue thickness of the RI was found to be 
3.72±2.24 (0–9) mm in the patients with AC, and the dif-
ference between the two groups being statistically signifi-
cant (p<0.05). This result is a statistically significant value 
and shows that the soft-tissue thickness in the RI must be 
evaluated in shoulder MR examination for the diagnosis of 
AC. There is a need for an increase in large series of stud-
ies on this subject.

The limitations of the study include the retrospective 
evaluation of the shoulder MRI examinations and the study 
being conducted in a single center. Another limitation can 
be considered as the inability to histopathologically con-
firm the presence of inflammation due to the retrospective 
study design.
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CONCLUSIONS
Clinicians frequently refer to shoulder MRI to confirm the diagnosis 
of AC and exclude other possible diagnoses. For this reason, there 
is a need to clarify the diagnostic criteria for AC. According to the 
data obtained in this study, the thickness of SGHL over 2 mm or 
the soft-tissue thickness in the RI of 3.6 and above can be used to 
support the diagnosis of AC diagnosis. In addition, CHL thickness 
of 4.6 mm and above and the thickness of IGHL over 4 mm can 
be counted among the criteria that support the diagnosis of AC.
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