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Introduction____________________________
The term adhesive capsulitis (AC) was first used by 

Neviaser to explain findings such as chronic inflammation 
in the capsule of the shoulder joint resulting in adherence 
of periarthritis soft tissue [1]. Many studies on the imaging 
of AC exist, most of them based on MR arthrography or 
contrast enhanced MRI [2-4]. These techniques are 
somewhat invasive with specific protocols. Thus, some 
researchers have tried to describe imaging findings in the 
routine MRI which are more readily available. The current 
research attempted to review studies accordingly and 
describe the most sensitive and specific routine, non-
contrast MRI findings in AC. Thus, any article on MR 
arthrography or contrast enhanced MRI findings of the 
disease, except those pointing to non-contrast MRI 
findings in AC patients was excluded from the study.  

 

MRI findings ___________________ 
Major imaging findings on AC are based on pathologic 

changes in the disease. Synovitis, and the thickening and 
contracting of the glenohumeral joint capsule are 
considered major microscopic pathologic findings of AC 
and, theoretically, are detectable in imaging. Such changes 
are also responsible for the patients’ clinical signs and 
symptoms [5]. 

In 2008, Sofka et al. noted that there were no reports in 
the literature on specific non-contrast MRI findings that 
correspond with the clinical stages of AC. Thus, they tried 
to explain the correlation between AC imaging findings 
and clinical staging using non-contrast MRI [6]. They 
studied 46 patients with a clinical diagnosis of adhesive 
capsulitis focusing on the pathological, morphological, and 
signal changes of the joint capsule as well as the presence 
of scarring in the rotator cuff interval. Moreover, they tried 
to find a relationship between capsular thickening and 
hyperintensity on MRI with capsular hypertrophy and 
hypervascular synovitis as described in different 
pathologic stages of the disease. 

They concluded that capsule-synovial thickening 
(measured at the midaxillary pouch) shows the greatest 
correlation with clinical staging. According to their results, 
greater combined synovial and capsular thickening is 
detectable in early stages of the disease. However, in the 
late fibrotic stages, only capsular thickening may be seen. 
They also assessed capsular signals in proton density (PD) 
fat saturation MR images and compared them with normal 
anterior capsule signals. This led them to the conclusion 
that capsular signal hyperintensity is more related to stage 
two of the disease. In addition, they considered rotator 
interval scarring to be a non-specific sign of AC not 
correlated with clinical stages. 
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Shortening and thickening of the coracohumeral 
ligament have been described as another characteristic 
finding of AC in some studies. The coracohumeral 
ligament is seen as a homogeneous low signal linear 
structure at sagittal T1-W MR images [4, 7-10].  

In 2011, Jin-Qing Li et al. studied the MRIs of 72 
shoulders of patients with a clinical diagnosis of AC and 
compared them with 120 healthy controls. They showed 
that the resultant thickening of the coracohumeral ligament 
in patients may be a useful sign for the diagnosis of AC 
[11]. They measured the diameter of the coracohumeral 
ligament in sagittal oblique T1-W images and showed that 
it was significantly thicker in patients with AC (3.99±1.68 
mm) than in the control group (3.08±1.32 mm). 
Interestingly, they also found that the coracohumeral 
ligament cannot be visualized in some normal people. The 
researchers stated that the visualization of this ligament as 
a hyposignal structure was facilitated by fatty tissue 
surrounding it in the rotator cuff interval. They further 
mentioned that the lack of visualization may be due to the 
absence of fatty tissue in some of the normal population. 
On the other hand, the CHL visualization rate is 
significantly lower in patients with AC than in the normal 
population, regarding obliteration of this space with 
fibrosis in the course of the disease; therefore, no 
visualization of the coracohumeral ligament might be a 
potential restriction for using this sign. Jin-Qing Li et al. 
also found that obliteration of the subcoracoid fat triangle 
is a useful yet non-specific sign for AC. 

Another conventional MRI finding was described by 
Gondim Teixeira et al., in 2012. They studied 34 MRIs of 
shoulders in patients with AC [12]. They noticed that 
capsular changes are the most common findings in 
different phases of AC; therefore, capsular signal change 
and thickening could be useful diagnostic signs. However, 
they also noticed that when using the conventional MRI 
protocol, limitation in shoulder distension in comparison to 
MR arthrogram is a potential drawback for the accurate 
measurement of capsular thickness.  Therefore, they 
studied inferior glenohumeral ligament (IGHL) signal 
changes in patients with a clinical diagnosis of AC. IGHL 
is a capsular thickened area contiguous with the inferior 
aspect of the joint capsule. The researchers used T2 fat 
saturation MR images in the oblique coronal plane and 
compared the IGHL signal with the long head of the biceps 
tendon and noticed a specific (88.2%) and sensitive (85.5-
88.2%) sign: hyperintensity of the inferior glenohumeral 
ligament in adhesive capsulitis. They also introduced the 
extracapsular hyperintense layer on T2 WI as a new sign of 
AC. 

In 2012, Zhao et al. published a study on findings of 
adhesive capsulitis in Asian symptomatic patients. They 
studied 60 people with a clinical diagnosis of AC and tried 
to describe the relationship between the pathologic changes 
of the rotator interval (as a critical involved area in this 
disease) and imaging findings of the disease [13]. They 
evaluated the coracohumeral ligament, articular capsule 
thickening, and fatty space under the coracoid process 
using oblique sagittal T1 and found that partial or complete 

obliteration of subcoracoid fat and thickening of the CHL 
and capsule at the rotator interval in comparison with the 
control group (4.2 vs. 2.4 mm, 7.2 vs. 4.4 mm, respectively; 
p-value <0.05) are characteristic findings for AC. They 
also mentioned that bicipital tendon synovitis could be 
considered as a specific abnormality in AC. 

In 2015, Shungon Park et al. tried to connect adhesive 
capsulitis MRI and clinical findings [14]. They studied 103 
patients with AC and compared their severity of pain, range 
of motion, and clinical stage with MRI findings. They 
described extracapsular edema as a useful sign, which is 
consistent with an area of signal change bordering the outer 
capsular surface that Teixeira et al. reported [12] and 
showed the correlation between these findings and clinical 
limited range of motion. They also pointed out that 
capsular edema is the most common MRI finding in AC 
associated with loss of motion range on external rotation. 
Mean capsular thickness of the humeral portion of the 
axillary recess was about 4.06 mm in AC patients in this 
study, and it was found to be associated with the patients’ 
pain levels. Joint capsule edema and obliteration of the 
subcoracoid fat triangle were significantly more common 
in the early stages of AC [14]. 

In another study published in 2017, Chi A.S. et al. 
investigated non-contrast MRI findings in patients with 
clinical AC [15]. They studied 31 patients and evaluated 
coracohumeral ligament thickness, axillary recess 
thickening or edema, and rotator interval infiltration and 
calculated the sensitivity and specificity of diagnosis based 
on using one, two, or all three of these criteria. They also 
conjoined the level of clinical suspicion with MR findings 
criterion for an accurate diagnosis. 

The researchers concluded that coracohumeral ligament 
thickening is 76.7% sensitive and 53.3 % specific for the 
diagnosis of AC. explained that lower sensitivity of 
coracohumeral ligament thickness in previous studies is 
related to higher thickness cut-off; thus, they considered 2 
mm coracohumeral ligament thickness for a diagnosis of 
AC. They also used this finding alone in high clinical 
suspicion settings.  

The specificity and sensitivity of coracohumeral 
ligament thickening and rotator interval infiltration as two 
criteria were 55.2% and 66.7%, respectively. Using these 
findings in moderate clinical suspicion settings could be 
helpful because of the higher specificity rate. 

Sensitivity and specificity for coracohumeral ligament 
thickening, axillary recess thickening/edema, and rotator 
interval infiltration as three criteria were 23.3% and 86.7%, 
respectively. Regarding the highest specificity rate with 
using all of these three criteria, it would be helpful in the 
setting of low clinical suspicion or atypical signs of 
adhesive capsulitis.  Chi et al. concluded that non-contrast 
MRI shoulder examinations can be diagnostic for adhesive 
capsulitis without direct MR arthrography. 

Studies that included calculated sensitivity and 
specificity of investigated variables for the diagnosis of 
adhesive capsulitis are provided in Table 1.
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Table 1. Sensitivity and specificity of magnetic resonance imaging (MRI) findings for diagnosis of adhesive capsulitis. 

Study Contrast Finding(s) Sensitivity Specificity 

Chi et al 
(2017) 

No Coracohumeral ligament thickening (>2mm) 76.7% 53.3% 

No Coracohumeral ligament thickening +Rotator interval infiltration 66.7% 55.2% 

No CHL thickening+Rotator interval infiltration+Axillary recess 
edema/pericapsular edema 

23.3% 86.7% 

Gondim 
Teixeira 

et al 
(2012) 

No Inferior glenohumeral ligament T2 WI hyperintensity 85.3-
88.2% 

88.2% 

No Subcoracoid fat triangle obliteration 41.2-
50.0% 

67.6-
73.5% 

No Coracohumeral ligament thickness (>4mm, T1 WI sagittal) 21.8-
31.0% 

89.2-
93.3% 

Yes Rotator interval enhancement 47.0-
61.8% 

76.5-
94.1% 

Yes Inferior glenohumeral ligament enhancement 82.3-
94.0% 

88.2% 

 

Discussion_____________________________ 
Adhesive capsulitis (AC), also known as frozen 

shoulder, is a self-limiting condition first described in 1896 
by Duplay as a case report [16]. In 1934, Codman 
described ‘‘frozen shoulder’’ as a painful range of motion-
reducing phenomenon of a shoulder joint [17]. As 
previously mentioned, “adhesive capsulitis’’ was first used 
by Neviaser to explain findings such as chronic 
inflammation in the capsule of the shoulder joint resulting 
in adherence of periarthritis soft tissue [1]. 

Patients affected with AC typically present with 
progressive painful restriction in the range of passive and 
active motions of the shoulder joint. Although the etiology 
of idiopathic AC is still unknown, there are several risk 
factors associated with this condition such as diabetes 
mellitus (DM), older age, female gender, hypertension, 
dyslipidemia, and thyroid dysfunction [18, 19]. Frozen 
shoulder is commonly seen between the ages of 35 and 60 
[20]. 

The clinical course of AC has been described in 4 
stages. The first stage is defined by the presence of 
shoulder pain for almost 1 to 3 months and normal or mild 
limited, painful active and passive motions. In the second 
stage, the patients’ symptoms include chronic pain in both 
active and passive motions and limitations in abduction, 
internal and external rotation, and forward flexion lasting 
for almost 3 to 9 months. In the third stage of the disease, 
symptom duration (significant loss of motion and minimal 
pain except at the end of range of motion) is about 9 to 15 
months. In the fourth stage, the patient has had symptoms 
for 15 to 24 months during which the patient has less pain 
and the range of motion improves [21]. 

These clinical stages are concomitant with the 
pathologic changes of the disease. Inflammatory changes 

lead to ligamentous thickening and contraction which 
progress into fibrosis causing adherence of periarthritis soft 
tissue. These changes affect the rotator interval space and 
present imaging changes which can be seen in magnetic 
resonance imaging (MRI). Nevertheless, AC is a clinical 
diagnosis for which imaging will be useful under certain 
circumstances, especially when the patient presents 
atypical symptoms or is a candidate for an invasive 
procedure [22]. 

Although there are many articles on contrast MRI and 
MR arthrographic findings, both of these procedures are 
somewhat invasive and therefore not suitable for patients 
in terms of cost and benefit. There are few studies on the 
role of non-contrast MRI in helping with AC diagnosis or 
staging. 

As the alternate name for this disease (adhesive 
periarthritis) describes, inflammatory changes lead to 
edema, which progresses into fibrosis. Fibrotic changes in 
joint surrounding structures lead to capsular and 
ligamentous stiffness. 

It is noteworthy that all of the studies performed on 
non-contrast MRI findings agree with capsular changes in 
the progression of shoulder adhesive capsulitis; however, 
this research compared those studies to find better MRI 
sequences and the best methods for evaluating these 
diagnostic points. 

Sofka et al. used oblique coronal and axial PD 
sequences to evaluate capsulosynovial changes at the 
inferior part of the midaxillary pouch [6]; Zhao et al., on 
the other hand, noticed that most changes occur at the 
rotator cuff interval. They used oblique sagittal T1 WI to 
evaluate the capsule at the rotator cuff interval [13]. Both 
of these studies concluded that thickening of the capsule is 
a characteristic finding for AC. 

45



Non-contrast MRI and Adhesive Capsulitis  Karami et al. 

 
              Rheumatology Research., Vol. 5, No. 2, April. 2020 

Teixeira et al. also confirmed capsular changes in the 
progression of AC [12]. However, they noticed the 
difficulty of capsular measurements in some patients in 
contracting the capsule. Therefore, they advised using 
oblique coronal T2 fat sat sequences for a better evaluation 
of AC for findings of signal changes in the inferior recess 
of the joint capsule (IGHL). Previously, Sofka et al. 
mentioned that capsular signal changes in PD fat sat 
sequences occur in the second stage of the disease [6]. Park 
et al. also found a relationship between capsular edema and 
loss of motion range [14]. 

As previously mentioned, involvement of the rotator 
cuff interval has been described in this disease. This 
triangular space is located between the supraspinatus and 
subscapularis tendons and CHL. CHL forms the roof of this 
space covering the superior glenohumeral ligament 
(SGHL) and the bicipital tendon near the medial border of 
this space. CHL thickening, measured at oblique sagittal 
T1 WI by Li et al. [11] and Zhao et al.  [13] (3.9 mm and 
4.2 mm, respectively), has been described as a 
characteristic finding in AC. However, as previously 
mentioned, this criterion sometimes is not useful as it does 
not visualize CHL in a certain fraction of the general 
population. Li et al. advised using fat suppressed PD 
images to find the high signal soft tissue in the rotator cuff 
interval as a useful finding in these patients [11]. There are 
some differences in the lower limit of normal CHL 
thickness which influence the sensitivity of this finding. 
Chi et al. mentioned that a CHL thickness greater than 2 
mm is a sensitive finding which could be used in high 
clinical suspicion settings [15]. 

Obliteration of subcoracoid fat as a characteristic 
finding was mentioned by Zhao et al. [13]. They described 
it in oblique sagittal T1 W images. Rotator interval 
infiltration was mentioned by Li et al. as a nonspecific 
finding [11]. Li et al. also mentioned infiltration of rotator 
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