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MR imaging biomarkers for evaluation 
of adhesive capsulitis of the shoulder. 
Additive value of anterior capsule abnormality 
as a reliable criterion for diagnosis of adhesive 
capsulitis: a cross sectional analytic study
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Abstract 

Background: Adhesive capsulitis of the shoulder is a pain syndrome of progressive nature, associated with reduced 
active and passive range of motion of the gleno-humeral joint. Previous studies suggested an underlying synovial 
inflammatory process, followed by capsular hypertrophy and reactive fibrosis. The aim of our study was to investigate 
the influence of anterior shoulder joint capsule abnormal thickening and abnormal signal intensity on MRI, as impor-
tant imaging biomarkers, for the diagnosis of as adhesive capsulitis.

Results: This cross sectional analytic study involved 28 patients with adhesive capsulitis ((17 males, 11 females, age 
range:23–65 years, mean age: 45.61 years ± 11.95) and 28 controls (14 males, 14 females; age range, 39 to 61 years; 
mean age 52.82 years ± 6.45;). The patients and the controls were reviewed by two radiologists with experience of 
more than 10 years, blinded to each other’s results. Adhesive capsulitis was diagnosed based on clinical criteria of 
significant restricted passive motion of shoulder joint. The thickness and abnormal signal intensity of anterior gle-
nohumeral joint capsule were evaluated at its thickest portion, positioned underneath the subscapularis muscle. 
Additionally, the formerly known MR characteristics of adhesive capsulitis, involving the thickness of humeral and gle-
noid portions of axillary recess, maximal thickness of axillary capsule, and thickness of coracohumeral ligament, were 
assessed. The estimation of abnormal hyperintensity of humeral and glenoid capsule in axillary recess, subcoracoid fat 
triangle obliteration and abnormal hyperintensity were also included in our study. All magnetic resonance imaging 
(MRI) quantitative values showed significant difference between adhesive capsulitis group and control group. Regard-
ing qualitative values, only abnormal high signal intensity of the anterior portion of joint capsule, of the axillary por-
tion of joint capsule and of glenoid portion of axillary capsule showed statisticaly significant difference between cases 
and controls. In receiver operating characteristic (ROC) curve study, the anterior capsule thickness revealed a high 
diagnostic value with an area under the curve (AUC) of 1.0. An anterior capsule thickness cut off value of at 2.45 mm 
showed a very high diagnostic performance, revealing a sensitivity of and specificity of 100%.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

Egyptian Journal of Radiology
and Nuclear Medicine

*Correspondence:  mennaelsayed22@yahoo.com

1 Department of Diagnostic and Interventional Radiology, Faculty 
of Medicine, Cairo University Kasr Alainy, 8 Ahmed eElshediak Street, Ard 
Elgolf, Heliopolis, Cairo, Egypt
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-6175-9692
http://orcid.org/0000-0002-7641-2525
http://orcid.org/0000-0003-4772-7402
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-022-00907-9&domain=pdf


Page 2 of 12ElSayed et al. Egypt J Radiol Nucl Med          (2022) 53:232 

Background
Adhesive capsulitis, otherwise known as frozen shoulder, 
is known by the American Academy of Orthopaedic Sur-
geons to represent a disorder of variable severity, where 
the patient develops gradual global limitation of active 
and passive shoulder movements. The radiological find-
ings usually are normal and only bony osteopenia can 
be seen. The limitation of passive shoulder motion is a 
key clinical finding to shaping a frozen shoulder diagno-
sis. In other shoulder pathologies, such as subacromial 
bursitis, calcific tendinitis and partial rotator cuff tears, 
there is usually severe pain and reduced active range of 
motion, however, passive range of motion is maintained, 
unless these conditions were complicated by secondary 
adhesive capsulitis. Adhesive capsulitis is associated with 
growing pain and inflammation, which leads to progres-
sive edema and stiffness of the soft and connective tissues 
of the shoulder with the formation of fibrous adhesions 
that markedly limit the range of movement of the joint. If 
this condition is left without treatment, marked pain and 
functional disability can be the outcome [1].

MRI is frequently used as an investigation tool for 
evaluation of shoulder pathologies and for non-invasive 
characterization of abnormalities in the synovium and 
shoulder joint capsule, which are typical features of fro-
zen shoulder [2]. MRI can also help to disregard other 
causes of shoulder pain and dysfunction that can simulate 
adhesive capsulitis [3]. Many studies revealed that MRI 
is dependable for investigating characteristic abnormal 
signs for adhesive capsulitis, including coracohumeral 
ligament thickening, capsular thickening, axillary recess 
enhancement, rotator interval enhancement, and subc-
oracoid fat triangle obliteration [4, 5].

From a pathophysiological point of view, of adhesive 
capsulitis includes synovium inflamation, fibrosis of the 
subsynovial structures, with fibrosis and thickening of 
the joint capsule, leading finally to contracture of gleno-
humeral joint [6, 7]. Previous arthroscopic examinations 
have revealed increased thickness of the anterior portion 
of the shoulder joint capsule, involving glenohumeral lig-
ament [8]. In order to regain the range of movement, it is 
important to involve the anterior portion of joint capsule 
in the arthroscopic capsulotomy [9].

In literature, previous studies have shown abnor-
mal magnetic resonance findings for coracohumeral 

ligament, superior glenohumeral ligament, and inferior 
glenohumeral ligament [10, 11]. The abnormal magnetic 
resonance findings of anterior joint capsule have not 
been thoroughly discussed in literature in cases of adhe-
sive capsulitis, especially when including the middle gle-
nohumeral ligament (MGHL) and spiral glenohumeral 
ligament (GHL), located deep to the subscapularis mus-
cle and tendon in the reviewed abnormalities [5].

The aim of our study is to discuss the additive value of 
anterior joint capsule abnormal thickness and abnormal 
intensity, in addition to previously described magnetic 
resonance findings in literature, for the establishment of 
diagnosis of frozen shoulder, otherwise known as adhe-
sive capsulitis.

Methods
Ethics committee approval was obtained for this cross 
sectional analytic study. Informed consent was also 
obtained from both patients and control groups.

Adhesive capsulitis patients group
We evaluated 28 patients (17 males, 11 females; age 
range: 23–65 years; mean age: 45.61 years ± 11.95 years). 
The demographic data of the patients, namely frequency 
and percentage according to age and sex in the study pop-
ulation were shown in Table 1. The patients were referred 
from orthopedic department of our institution between 
September 2021 to February 2022. Our study involved 
detailed history acquisition, clinical examination for signs 
of adhesive capsulitis and magnetic resonance imaging of 
the affected shoulder joint of all our patients.

Inclusion criteria
The involvement of patients was established depend-
ing on suggestive history and on clinical signs of adhe-
sive capsulitis. The standard of reference for clinical signs 
of adhesive capsulitis was defined as the presence of 
four or more of the following signs reported by experi-
enced orthopedic surgeons: (1) increasing shoulder pain, 
particularly at night; limitations in active and passive 
shoulder range of motion (ROM) including (2) reduced 
anterior flexion and (3) abduction (less than 90 degrees 
anterior flexion and abduction, respectively), (4) reduced 
external (ER) and (5) internal (IR) rotation (less than 50% 
ER and IR of the contralateral shoulder, respectively). 

Conclusions: The anterior glenohumeral joint capsule abnormal thickening, and abnormal hyperintensity have a 
high diagnostic performance, in addition to the previously known abnormal MRI findings, in the evaluation of adhe-
sive capsulitis.

Keywords: Anterior joint capsule abnormal signal, Adhesive capsulitis of the shoulder, Passive range of motion, 
Anterior joint capsule increased thickness, Anterior joint capsule abnormal increased intensity



Page 3 of 12ElSayed et al. Egypt J Radiol Nucl Med          (2022) 53:232  

Clinical signs of the patients were documented by the 
treating physician on a standardized questionnaire. 
The duration of pain should be for at least 1  month 
but no more than 9  months duration with a mean of 
4.86 ± 2.69  months and the radiographic evaluation 
being normal. The severity of shoulder pain was meas-
ured according to visual analog scale (VAS) based on a 
questionnaire managed on the same day as the physical 
examination. Pain was classified as pain at rest, pain at 
night, pain during motion, and worst pain; each patient 
was taught to rate the severity of each type of pain as a 
VAS score.

Exclusion criteria
The exclusion criteria involved patients with bilateral 
shoulder pain and restricted motion, patients who were 
previously treated for being diagnosed with adhesive cap-
sulitis, patients with active infection, and patients with 
previous ipsilateral shoulder surgery related to the diag-
nosis of adhesive capsulitis. Also patients with contrain-
dication to MRI e.g.: cardiac pacemakers, claustrophobic 
patients and patients with bad quality of MRI images 
(motion artifacts, hardware insertion) were excluded.

Control group
Our control patients involved 28 cases (14 males, 14 females; 
age range, 27 to 61  years; mean age 47.25  years ± 8.97). 
Between September 2021 and February 2022, the control 

cases were sent for MRI examination at our hospital, which 
was the same time frame in which frozen shoulder patients 
were subjected to examination. The control group cases 
were either healthy volunteers or patients sent for shoulder 
pathologies with no clinical criteria of adhesive capsulitis. 
These cases were sent for MRI examination in the setting 
of trauma, suspected shoulder impingement or rotator cuff 
tear, calcific tendinitis, bursitis, and symptomatic acromio-
clavicular joint osteoarthritis.

MR image protocol
Both patients and control groups were subjected to a 
similar MR imaging protocol using a 1.5-Tesla MR imag-
ing machine “ACHIEVA" equipment (from PHILIPS 
Medical Systems, Best, the Netherlands).A dedicated 
shoulder coil was employed. Images acquisition was done 
with the patients and controls in the supine position with 
their arms in maximum external rotation. The acquired 
imaging parameters were summarized in Table 2.

MR image analysis
The MR measurements were independently evaluated 
by two musculoskeletal radiologists, both with the same 
years of experience (more than 10 years). Image analysis 
was done using a picture archiving and communication 
system (PACS) workstation.

Both musculoskeletal radiologists were blinded to 
the clinical data and to the results of each other. We 

Table 1 Comparison between cases and controls

The statistically significant values were marked by bold

Cases Controls Univariate
P value

Sex

 Male 17 (60.7) 14 (50) 0.420

 Female 11 (39.3) 14 (50)

Age 45.61 ± 11.95 47.25 ± 8.97 0.431

Quantitative assessment

 Anterior capsule thickness 4.02 ± 0.92 1.72 ± 0.55 0.000
 Maximal axillary capsule thickness 4.06 ± 0.96 2.79 ± 0.58 0.000
 Humeral capsular thickness 3 ± 1.27 2.1 ± 0.47 0.000
 Glenoid capsular thickness 3.94 ± 1.01 2.71 ± 0.62 0.000
 Coracohumeral ligament thickness 3.16 ± 0.72 2.33 ± 0.6 0.000
 Degree of external rotation 119.62 ± 18.05 152.25 ± 5.98 0.000

Qualitative assessment

 Anterior capsular abnormal hyperintensity 21 (75) 12 (42.9) 0.014
 Axillary capsular abnormal hyperintensity 21 (75) 6 (21.4) 0.000
 Humeral capsular abnormal hyperintensity 18 (64.3) 12 (42.9) 0.108

 Glenoid capsular abnormal hyperintensity 16 (57.1) 3 (10.7) 0.000
 Abnormal hyperintensity at subcoracoid fat triangle 19 (67.9) 14 (50) 0.174

 Obliteration of the subcoracoid fat triangle 19 (67.9) 22 (78.6) 0.365
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established certain MRI related quantitative and qualita-
tive measurements for the diagnosis of adhesive capsuli-
tis, that were inspired by a study done by park et al. [5]. 
Re-evaluation of the parameters measured independently 
by the two musculoskeletal radiologists was done in 
order to reach an agreement. Finally, the statistical analy-
sis was performed according to these numbers.

Assessment of the anterior capsule of shoulder joint
The anterior joint capsule was evaluated as being the 
part of glenohumeral joint capsule located between 2- to 
5-o’clock, noted deep to the subscapularis muscle and 
tendon.

Our evaluation of the anterior joint capsule included 
the middle glenohumeral ligament and the spiral gleno-
humeral ligament, which showed a low signal intensity 
line in comparison to the overlying subscapularis mus-
cle. In our study, the superior glenohumeral ligament 
and the anterior band of inferior glenohumeral ligament 

were not involved in the assessment of the anterior joint 
capsule. Spiral glenohumeral ligament was considered 
as a distinct anterior joint capsule ligament. Spiral gle-
nohumeral ligament is demonstrated as being a band of 
low signal intensity within the examined anterior joint 
capsule (Figs.  1 and 2). Deep to the subscapularis mus-
cle and tendon, the spiral glenohumeral ligament has an 
origin arising from the lesser tubercle of the humerus, 
and then it runs downward towards its insertion in the 
infraglenoid tubercle having a spiral course in the super-
ficial layer of the anterior joint capsule. In the mid-aspect 
of its path, spiral glenohumeral ligament is seen adjacent 
to the middle glenohumeral ligament, and then crosses 
and fuses with the inferior glenohumeral ligament [5]. 
The thickness and signal intensity of anterior shoulder 
joint capsule were assessed on the thickest aspects of the 
previously mentioned anatomical parts. These measure-
ments of anterior joint capsule were evaluated on both 
the axial fat-sat proton density and oblique sagittal three 

Table 2 MRI imaging parameters for evaluation of shoulder joint

TR/TE Echo-train 
length

Section thickness Matrix Field of view

Sagittal oblique T1 weighted images 530/20 3 4 mm 356 × 258 160 × 160 mm

Sagittal oblique T2 weighted images 3800/80 16 3 mm 356 × 256 160 × 160 mm

Coronal obliqueT1 weighted images 530/ 20 3 3 mm 358 × 258 160 × 160 mm

Coronal oblique fat-sat T2 weighted images 4700/80 10 3 mm 356 × 255 160 × 160 mm

Sagittal oblique fat-sat PD (VISTA) sequence with spec-
tral attenuated inversion recovery (SPAIR) images

2000/18.6 140 1.2 mm 268 × 267 160 × 160 mm

Axial fat-sat PD images 2100/30 20 3 mm 356 × 240 160 × 160 mm

Fig. 1 Anatomy of the shoulder joint capsule structure and demonstrations of measurements of anterior joint capsule thickness on MRI. a Frontal 
illustration of outer side of glenohumeral ligament and b lateral view of inner aspect of shoulder joint capsule and glenohumeral ligament. The red 
dashed line demonstrates the axis of the axial MRI images and the blue dashed line demonstrates the axis of the sagittal MRI images. Quoted from 
Park et al. [5]
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dimensional proton density VISTA SPAIR images (Fig. 2 
a, b and c).

Quantitative measurements
The following quantitative measurements were analyzed 
on a four-times enlarged MRI image: anterior joint cap-
sule thickness, thickness of the humeral and glenoid 
capsule in the axillary recess, maximum joint capsule 
thickness in axillary recess, thickness of coracohumeral 
ligament, and the degree of external rotation of humeral 
head. In the axillary aspect of joint capsule, the thickness 
of the humeral and the glenoid portions were evaluated at 
their thickest diameter on oblique coronal T2-weighted 

MR images. The maximum joint capsule thickness in 
axillary recess was then defined to be the higher number 
of the two measured values (humeral and glenoid capsule 
thickness) (Fig. 3a).

The maximum thickness of coracohumeral ligament 
thickness was evaluated on oblique sagittal T2 weighted 
images (Fig.  3b). The degree of external rotation of the 
humeral head on the axial magnetic resonance image was 
evaluated by measuring an angle noted between a line 
drawn from the humeral head center to the longitudinal 
axis of the scapular body, and another line drawn from 
the humeral head center to the bicipital groove of the 
humeral head (Fig. 3c).

Fig. 2 Examples from a 30 year old normal male control case, illustrating the evaluation of anterior joint capsule thickness on MRI. a On axial 
fat-sat PD image, the dashed line represents the measurement of anterior capsule thickness at the level of the middle glenohumeral ligament (thin 
arrows), with the spiral glenohumeral ligament (thick arrows) crossing the superficial layer of the anterior joint capsule. b and c are Oblique sagittal 
PD VISTA SPAIR sequences illustrating the measurement of the thickest aspect of the anterior shoulder joint capsule (dashed line). The middle 
glenohumeral ligament (thin arrows) is seen continuous with the spiral glenohumeral ligament (thick arrows) in the inferior aspect of the joint

Fig. 3 Example illustrating quantitative measurements in MRI findings. a A 56-year-old woman with clinical diagnosis of adhesive capsulitis 
(shoulder pain and limitation of movement). Oblique coronal fat-sat T2-weighted image demonstrating measurement of the thickest part of axillary 
shoulder joint capsule in both humeral (blue line) and glenoid (red line)aspects. b A 59-year-old man among the control group cases. Oblique 
sagittal T2-weighted image demonstrating the thickness of the coracohumeral ligament (blue line). c A 56-year-old man among the control group 
cases. Axial fat-sat PD MR image noted at the level of the humeral head center illustrating the extent of shoulder external rotation. The extent of 
shoulder external rotation was measured in the form of an angle noted between two lines, one line extending between the center of humeral head 
and the longitudinal axis of scapula, and another line drawn between the center of the humeral head and the bicipital groove
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Qualitative measurements
In our study, the presence or absence of multiple MR sig-
nal abnormalities was estimated. These MR signal abnor-
malities were as follows: abnormal hyperintense signal 
of anterior joint capsule, abnormal hyperintense signal 
of humeral and glenoid portions of axillary recess, subc-
oracoid fat triangle obliteration and abnormal high signal 
intensity. In cases where there was an abnormal hyper-
intense signal of the humeral or glenoid portions of joint 
capsule in the axillary recess, the axillary capsule abnor-
mal hyperintense signal was considered to be present. 
The abnormal hyperintense signal of the joint capsule 
at axillary recess and at the subcoracoid fat triangle was 
estimated on oblique coronal fat-sat T2-weighted mag-
netic resonance images (Fig.  4a and b). We considered 
the subcoracoid fat triangle obliteration as the presence 
of discrete foci of homogenous low signal intensity on 
oblique sagittal T1-weighted images. The subcoracoid fat 
obliteration was evaluated subjectively as being absent or 

present. In both partial and complete obliteration of the 
fat, the obliteration of subcoracoid fat triangle was con-
sidered to be present (Fig. 4c).

Statistical analysis
The data was entered and statistically analyzed on the 
Statistical Package of Social Science Software program, 
version 25 (IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.). Data was presented 
using mean and standard deviation for quantitative vari-
ables and frequency and percentage for qualitative ones. 
Comparison between groups for qualitative variables was 
performed using Chi-square or Fisher’s exact tests while 
for quantitative variables the comparison was conducted 
using the Mann Whitney test. The validity of different 
measures was assessed using Receiver Operating Char-
acteristics (ROC) analysis of MedCalc Statistical Soft-
ware version 18.2.1 (MedCalc Software bvba, Ostend, 
Belgium; http:// www. medca lc. org; 2018). Inter-rater 

Fig. 4 Example illustrating the qualitative MR measurements. A 48-year-old woman with clinically suspected adhesive capsulitis (shoulder pain and 
limitation of movement). a Oblique 3D sagittal PD fat suppressed weighted images showing increased anterior capsule signal and thickness (yellow 
arrows). b Oblique coronal fat-sat T2-weighted image demonstrating axillary capsule thickening and abnormal increased signal intensity. There 
is increased thickness at the glenoid and humeral parts of the axillary joint capsule with high T2 signal intensity (thick yellow arrows). c Oblique 
coronal fat sat T2-weighted image at the level of coracoid process illustrating high signal intensity at the subcoracoid fat triangle (thick yellow 
arrows). d Oblique sagittal T1-weighted image demonstrating an obliterated subcoracoid fat triangle (thin yellow arrows). e Axial PD fat suppressed 
weighted image at the level of center of humeral head showing the angle of external rotation

http://www.medcalc.org
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concordance of different measures was assessed using 
Intra-class correlation coefficients (for quantitative vari-
ables) and Kappa measure of agreement (for qualitative 
variables). ICC or kappa values were interpreted as fol-
lows: 0, poor concordance; 0.01–0.20, slight concord-
ance; 0.21–0.40, fair concordance; 0.41–0.60, moderate 
concordance; 0.61–0.80, good concordance; and 0.81–
1.00, excellent concordance. P values less than or equal to 
0.05 were considered statistically significant.

The standard of reference
A clinical diagnosis of adhesive capsulitis was considered 
the gold standard technique.

Results
Comparisons of MRI findings by univariate analysis
Table  3 shows the clinical signs (including the range of 
motion, visual analogue score (VAS) pain score classifica-
tion) and risk factors for adhesive capsulitis of the study 
population. In the adhesive capsulitis group, all the 28 
cases of adhesive capsulitis suffered from shoulder pain. 
The VAS pain score tended to increase in the order of 
pain at rest, pain at night, pain during motion, and worst 

pain.with reduced external rotation in 92.9% of cases, 
85.7% with reduced abduction and anterior flexion, and 
92.9% with reduced internal rotation.

The comparison between patients and controls regard-
ing their quantitative and qualitative MRI findings is 
illustrated in in Table 1. There was a statistically signifi-
cant difference between the adhesive capsulitis group and 
the control group regarding all of the examined quanti-
tative MRI data. The mean anterior joint capsule thick-
ness in the adhesive capsulitis group was significantly 
higher than that in the control group (4.02 ± 0.92  mm 
vs.1.72 ± 0.55  mm, p: 0.000). Abnormal hyperintense 
signal of anterior joint capsule also showed a statistically 
significant difference between adhesive capsulitis patients 
group and control group (21 vs. 12, p: 0.014). There 
was three qualitative MRI parameters that didn’t show 
a statistically significant difference between the adhe-
sive capsulitis and control groups, namely the abnormal 
hyperintense signal of humeral portion of axillary recess, 
subcoracoid fat triangle obliteration and subcoracoid fat 
triangle abnormal high signal intensity.

Diagnostic performance
According to the ROC curve study, both anterior joint 
capsule thickness and maximum joint capsule thickness 
in axillary recess showed statistically significant values in 
diagnosing adhesive capsulitis in patients compared to con-
trols. The anterior joint capsule thickness revealed a greater 
diagnostic accuracy than the maximum joint capsule thick-
ness in axillary recess regarding the diagnosis of adhesive 
capsulitis, with AUCs of 1.0 and 0.855, respectively. The 
studied cut-off values and results of area under the ROC 
curve are illustrated in Table  4 and Fig.  5, respectively. A 
cut-off value of anterior joint capsule thickness of 2.45 mm 
presented a very high sensitivity and a specificity of 100% 
(Fig. 6). A cut-off value of maximum joint capsule thickness 
in axillary recess of 3.5 mm also presented a high sensitivity 
of 75% and a very high specificity of 100% (Fig. 7).

Inter-rater agreement
The results of agreement between both observers 
are shown in Table  5. Excellent agreement was dem-
onstrated regarding the anterior joint capsule thick-
ness (ICC = 0.877), maximum joint capsule thickness 
in axillary recess (ICC = 0.874), thickness of humeral 
and glenoid capsule in axillary recess (ICC = 0.833 and 
0.866 respectively), coracohumeral ligament thickness 
(ICC = 0.953), degree of external rotation of the humeral 
head (ICC = 0.950) and subcoracoid fat triangle abnor-
mal high signal intensity (Kappa = 0.819).

A good interobserver agreement was demonstrated 
regarding abnormal hyperintense signal of anterior joint 
capsule (Kappa = 0.705), abnormal hyperintense signal 

Table 3 Clinical signs and risk factors for adhesive capsulitis 
cases

Groups
Cases (n:28)

Range of motion limitation

 External rotation 26 (92.9%)

 Internal rotation 26 (92.9%)

 Forward flexion 24 (85.7%)

 Abduction 24 (85.7%)

Pain

 Pain at rest

 Range 0—4

 Mean ± SD 2 ± 1.39

Pain at night

 Range 2—6

 Mean ± SD 4 ± 1.39

Pain at motion

 Range 4—8

 Mean ± SD 6 ± 1.39

Worst pain

 Range 5—9

 Mean ± SD 7 ± 1.39

Risk factors

 Hypertension 8 (28.6%)

 Diabetes 7 (25%)

 Thyroid diseases 2 (7.1%)

 Heart diseases 2 (7.1%)
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of joint capsule in axillary recess (Kappa = 0.749), abnor-
mal hyperintense single of humeral and glenoid portions 
of joint capsule in the axillary recess (Kappa = 0.716 and 
0.798 respectively), and subcoracoid fat triangle oblitera-
tion (Kappa = 0.727).

Discussion
Our study showed the importance of the increased thick-
ness of anterior shoulder joint capsule and significance of 
alteration of its signal intensity for the evaluation of adhe-
sive capsulitis (AUC: 1.0 and 0.661, respectively) with 

excellent interobserver agreement for anterior capsular 
thickening (ICC = 0.877) and good interoberver reliabil-
ity for anterior capsular hyperintensity (Kappa = 0.705). 
The thickness of anterior joint capsule with a cut-off 
value of 2.45 mm showed a very high diagnostic presen-
tation (sensitivity, and specificity of 100%).

Previously published studies [5, 12, 13] showed that 
some MRI findings are impressive of a diagnosis of 
adhesive capsulitis. These findings include a substan-
tially thickened coracohumeral ligament; thickening of 
the joint capsule in the rotator interval, thickening and 
altered signal of the joint capsule in axillary recess and 
obliteration of the subcoracoid fat triangle whether par-
tial or complete. According to Erber et  al. [14], none of 
these individual MRI signs was proved to be perfectly 
sensitive or specific.

To the best of our knowledge, a single previous study 
done by Park et al. [5], has focused on the role of MRI in 
detection of abnormal signal and thickness of the anterior 
joint capsule in diagnosis of patients with adhesive cap-
sulitis. We did not only study the importance of anterior 
capsular abnormality in diagnosis of adhesive capsulitis, 
we also highlighted its importance among other param-
eters previously described in literature for diagnosis of 
frozen shoulder syndrome, as we proved that increased 
anterior capsule thickness has the highest AUC amongst 
these parameters. Anterior capsule increased signal inten-
sity showed a high sensitivity in diagnosis as well.

In the previously described literature, the three liga-
ments involved in the formation of anterior joint capsule 
have been named as the superior, middle and inferior 
glenohumeral ligaments. The inferior glenohumeral 
ligament is separated into three parts: a band noted 

Table 4 Validity measures and accuracy for both qualitative & quantitative assessments

The statistically significant values were marked by bold

AUC (95%CI) P value Cut-off Sensitivity (95%CI) Specificity (95%CI)

Quantitative assessment

 Anterior capsule thickness 1.0 (0.936–1.0) 0.000  > 2.45 100 (87.7–100) 100 (87.7–100)

 Maximal axillary capsule thickness 0.855 (0.735–0.934) 0.000  > 3.5 75 (55.1–89.3) 100 (87.7–100)

 Humeral capsular thickness 0.793 (0.663–0.889) 0.000  > 2.92 60.7 (40.6–78.5) 100 (87.7–100)

 Glenoid capsular thickness 0.823 (0.698–0.912) 0.000  > 3.47 67.9 (47.6–84.1) 100 (87.7–100)

 Coracohumeral ligament thickness 0.817 (0.691–0.908) 0.000  > 2.54 71.4 (51.3 – 86.8) 67.9 (47.6—84.1)

 Degree of external rotation 0.949 (0.855–0.990) 0.000  ≤ 136.2 85.7 (67.3—96.0) 100 (87.7–100)

Qualitative assessment

 Anterior capsular abnormal hyperintensity 0.661 (0.522—0.782) 0.011 75 (55.1—89.3) 57.1 (37.2—75.5)

 Axillary capsular abnormal hyperintensity 0.768 (0.636—0.870) 0.000 75 (55.1—89.3) 78.6 (59.1—91.7)

 Humeral capsular abnormal hyperintensity 0.607 (0.468—0.735) 0.106 64.3 (44.1—81.4) 57.1 (37.2—75.5)

 Glenoid capsular abnormal hyperintensity 0.732 (0.597—0.842) 0.000 57.1 (37.2—75.5) 89.3 (71.8—97.7)

 Abnormal hyperintensity at subcoracoid fat triangle 0.589 (0.450—0.719) 0.175 67.9 (47.7—84.1) 50 (30.7—69.4)

 Obliteration of the subcoracoid fat triangle 0.554 (0.415—0.687) 0.371 32.1 (15.9—52.4) 78.6 (59.1—91.7)

Fig. 5 ROC curve analysis for quantitative measures
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Fig. 6 A 47-year-old man with a clinical diagnosis of adhesive capsulitis (shoulder pain and limitation of movement). a Oblique sagittal PD VISTA 
SPAIR image illustrating a thickened (4.2 mm) anterior shoulder joint capsule (thin yellow arrows). A thickened and an increased signal intensity of 
the axillary shoulder joint capsule are also demonstrated (asterisks). b Axial fat-sat PD illustration of marked thickening and increased signal intensity 
of the anterior shoulder joint capsule is also noted (thin yellow arrows). c Same axial PD fat suppressed images showing angle of external rotation

Fig. 7 A 65-year-old female patient with clinically suspected adhesive capsulitis (shoulder pain and limitation of movement). a Oblique coronal 
fat-sat T2-weighted image demonstrating no sizable increased thickness of the axillary recess (thin yellow arrows). Also there is no gross axillary 
capsule altered signal intensity. b Oblique sagittal T2-weighted image illustrating a thickened coracohumeral ligament. c Oblique sagittal PD VISTA 
SPAIR image illustrating thickened and increased signal intensity of the anterior joint capsule (thin yellow arrows). d Axial fat suppressed PD image 
demonstrating increased thickness (6.95 mm) and increased signal intensity of the anterior shoulder joint capsule (thin yellow arrows). e Same Axial 
PD fat suppressed weighted image at the level of center of humeral head showing the angle of external rotation



Page 10 of 12ElSayed et al. Egypt J Radiol Nucl Med          (2022) 53:232 

anteriorly, a band noted posteriorly and an intervening 
axillary pouch. In addition to the superior, middle and 
inferior glenohumeral ligaments, a group of fibers called 
the "spiral glenohumeral ligament" is involved in the for-
mation of superficial layer of the anterior shoulder joint 
capsule. It was given this name considering its macro-
scopic shape throughout the external rotation and abduc-
tion of the shoulder joint.According to a study done by 
Merila et  al. [15], the spiral glenohumeral ligament was 
visualized as a band of low signal intensity on MR images 
through its course in the superficial layer of the anterior 
joint capsule (Figs. 1 and 2). Despite this ligament’s firm 
connection with the middle and inferior glenohumeral 
ligaments, its importance in the shoulder joint biome-
chanics and association with different pathologic disor-
ders has not been fully explored.

The three ligaments involved anatomically in the for-
mation of anterior shoulder joint capsule, together with 
spiral glenohumeral ligament and inner capsular struc-
ture of subscapularis muscle were identified in our study. 
We measured the anterior joint capsule at its thickest 
aspect and we excluded the superior glenohumeral liga-
ment and anterior band of inferior glenohumeral liga-
ment from our study.

In our study, through ROC curve analysis, we 
reported cut off numbers of 2.45  mm and 3.5  mm for 
anterior capsular thickness and maximal axillary cap-
sular thickness, with an AUC of 1 and 0.857 respec-
tively. In accordance to our study, Park et al. [5] found 
that both, thickness of anterior joint capsule and maxi-
mum thickness of axillary capsule showed statistically 
significant values in diagnosing adhesive capsulitis in 
patients compared to controls with cut off numbers of 

3.5  mm and 4.5  mm and an AUC of 0.897 and 0.863 
respectively. On the other hand, regarding the quali-
tative parameters, Park et  al. [5] reported a sensitivity 
and specificity of 82.76% and 90% respectively for ante-
rior capsular abnormal hyperintensity in diagnosing 
adhesive capsulitis. Our study showed a sensitivity and 
specificity of 75% and 57.1% respectively for the same 
qualitative measurement (anterior capsular abnormal 
hyperintensity). This difference may be attributed to 
demographic variations between the studied sample 
populations.

Formerly, in literature, some surgical and pathologic 
studies have been involved in the evaluation of the ante-
rior joint capsule structures in patients with adhesive 
capsulitis. A previous study [16] revealed that the release 
of the anteroinferior joint capsule, involving the anterior 
band of the inferior glenohumeral ligament, increased the 
range of elevation, and that posterior extended capsular 
release may not be important in the arthroscopic surgical 
treatment of shoulder stiffness. In another study [17] that 
concluded that ultrasound-guided anterior approach for 
hydrodilatation of rotator interval in patients with adhe-
sive capsulitis, associated with proper exercise, is more 
efficient than the conventional posterior approach, they 
stated that the predominant pathological finding in adhe-
sive capsulitis is observed around the rotator interval 
and the anterior capsule.In previous arthroscopic stud-
ies involving patients with adhesive capsulitis [18, 19], 
inflammation of joint capsule and synovium was mostly 
noted on the anterior side of the joint, involving the rota-
tor interval and middle glenohumeral ligament prior to 
manipulation. After the manipulation, hemorrhage was 
predominantly noted in the anterior-inferior capsule and 

Table 5 Reliability measures for both qualitative & quantitative assessments (inter-rater agreement)

ICC 95% CI Inter-observer 
agreement%

K 95% CI Degree of 
agreement

Quantitative assessment

 Anterior capsule thickness 0.877 (0.783—0.93) Excellent

 Maximal axillary capsule thickness 0.874 (0.786—0.926) Excellent

 Humeral capsular thickness 0.833 (0.714—0.902) Excellent

 Glenoid capsular thickness 0.866 (0.769—0.922) Excellent

 Coracohumeral ligament thickness 0.953 (0.921—0.973) Excellent

 Degree of external rotation 0.950 (0.915—0.971) Excellent

Qualitative assessment

 Anterior capsular abnormal hyperintensity 85.7% 0.705 (0.516—0.894) Good

 Axillary capsular abnormal hyperintensity 87.5% 0.749 (0.576—0.923) Good

 Humeral capsular abnormal hyperintensity 85.7% 0.716 (0.535—0.896) Good

 Glenoid capsular abnormal hyperintensity 91.1% 0.798 (0.63—0.966) Good

 Abnormal hyperintensity at subcoracoid fat triangle 91.1% 0.819 (0.669—0.97) Excellent

 Obliteration of the subcoracoid fat triangle 91.1% 0.727 (0.522—0.932) Good
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inferior glenohuemral ligament. In a pathological study 
done by Uhthoff et  al. [20], they hypothesized that the 
cytocontractile protein vimentin is present only in the 
anterior shoulder joint capsular structures, consequently 
their surgical release has frequently revealed a reestab-
lishment of glenohumeral movement.

Concerning our study, the maximum joint capsule 
thickness and abnormal hyperintensity of the joint cap-
sule in axillary recess revealed significantly different val-
ues between the adhesive capsulitis group and control 
group, showing both a significantly higher value in the 
cases group.Previously done, most recent MRI studies 
[14, 21] found similar results.

Our study also showed that coracohumeral ligament is 
significantly thicker in adhesive capsulitis patients com-
pared to control group. This finding was also comparable 
to previous studies [4, 5, 22, 23].

In contrary to park et al. [5] and Erber et al. [14], we did 
not find a significant statistical difference between cases 
and controls regarding the obliteration of subcoracoid fat 
triangle. Other studies [24, 25] stated that only the com-
plete, not the partial obliteration of subcoracoid fat trian-
gle is specific to the diagnosis of adhesive capsulitis. May 
be this difference in results is attributed to the fact that, 
we combined both partial and complete obliteration of 
subcoracoid fat triangle as a single qualitative sign sug-
gestive of adhesive capsulitis. We didn’t consider them as 
two separate qualitative signs.

Our study had multiple limitations. First, we could not 
perform multivariate logistic regression analysis because 
the multicollinearity between different variants was very 
high. Also our study included a small sample size, con-
sidering the large number of adhesive capsulitis patients 
referred from the orthopedic department. Second, our 
study was a cross sectional analytic one, thus, we did not 
establish whether the anterior capsule abnormal thick-
ness and intensity are characteristic signs related to adhe-
sive capsulitis. Third, we did not depend on a true "gold 
standard".There was no arthroscopic or histopathological 
confirmation of our results. Fourth, we did not correlate 
between clinical stages and the MRI signs of adhesive 
capsulitis because of the small study population. There-
fore, there must have been bias toward subgroup analysis. 
Fifth, we did not perform our MRI examinations using a 
3 T MR machine, instead we used the available 1.5 T MRI 
machine. Sixth, we did not use contrast enhanced images 
for evaluation of adhesive capsulitis.

Conclusions
In conclusion, increased anterior capsular thickness and 
anterior capsule abnormal signal intensity, can be included 
as confident parameters for evaluation and diagnosis of 
adhesive capsulitis of the shoulder joint. Added to the 

formerly known abnormal MRI signs concerning the axil-
lary recess, the subcoracoid fat triangle and the coraco-
humeral ligament, the assessment of the anterior shoulder 
joint capsule can be of value for establishing a diagnosis of 
adhesive capsulitis. Future studies involving a larger num-
ber of patient, in addition to correlation between anterior 
capsule abnormality in adhesive capsulitis patients and 
clinical features is advised.
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