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Correlations between clinical features and
MRI findings in early adhesive capsulitis of
the shoulder: a retrospective observational
study
Yoon-Hee Choi1 and Dong Hyun Kim2*

Abstract

Background: This retrospective study investigated the association between clinical features and MRI findings in
patients with early adhesive capsulitis of the shoulder.

Methods: The study included 29 patients with early adhesive capsulitis of the shoulder. The clinical diagnostic
criteria were significantly restricted passive range of motion (ROM) and a symptom duration of up to 9 months.
Various measurements related to adhesive capsulitis, including humeral and glenoid capsular thickness in the
axillary recess, maximal axillary capsular thickness, coracohumeral ligament thickness, and anterior capsular thickness
were measured on MRI. Abnormal humeral and glenoid capsular hyperintensity in the axillary recess, abnormal
hyperintensity in the rotator interval, and obliteration of the subcoracoid fat triangle were also evaluated. Correlations
between MRI findings and clinical features, including limited ROM, pain, and symptom duration were sought.

Results: Maximal axillary and humeral capsular thickness measured on MRI were negatively correlated with ROM for
internal rotation. Also, hyperintensity in axillary recess and glenoid capule were correlated with ROM for abduction.
Humeral capsular hyperintensity was correlated with ROM for forward flexion. There were no MRI findings that showed
correlations with ROM for external rotation and severity of pain. The hyperintensity in the humeral capsule among MRI
findings was only correlated with duration of symptoms.

Conclusions: MRI can be useful for assessment of several measures of clinical impairment in patients with adhesive
capsulitis. Thickening and hyperintensity of the joint capsule in the axillary recess on MRI is associated with limited
ROM and duration of symptoms.
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Background
Adhesive capsulitis (AC) of the shoulder is characterized
by shoulder pain and limited active and passive range of
motion (ROM) in the shoulder [1–3]. In the past, the
diagnostic terminology for this entity, such as “frozen
shoulder,” was ambiguous and based on clinical features
and symptoms [3, 4]. However, the disease presents with
characteristic pathophysiological features, including cap-
sular thickening and fibrosis due to chronic inflamma-
tion of the joint capsule, which may lead to capsular
adhesion [1, 5].
Given that other diseases of the shoulder, such as rota-

tor cuff tear, bursitis, and calcified tendinitis, may have
similar clinical symptoms [1, 6], magnetic resonance im-
aging (MRI), ultrasound, and magnetic resonance (MR)
arthrography are useful for differentiating AC from other
diseases [2, 7–10]. MRI offers better resolution and soft
tissue contrast than other methods and is a key modality
for differentiating shoulder disease [2]. Based on previ-
ous studies that used MRI, the key diagnostic findings
for AC include capsular thickening, a hyperintense T2
signal and contrast enhancement in the axillary capsule
and rotator interval, thickening of the coracohumeral
ligament (CHL), and obliteration of the subcoracoid fat
triangle [2, 11, 12]. These MRI findings have an import-
ant role in the diagnosis of early AC when clinical fea-
tures are atypical and in shortening the duration of joint
stiffness by allowing timely physical therapy and intra-
articular steroid injection, which could help to reduce
the morbidity rate [13, 14]. Although diverse structural
abnormalities are known to be associated with AC, there
is limited literature on the association between radio-
logic findings and clinical features, and the few studies
available have assessed several MRI findings with some
ROMs (external rotation and abduction) [9], or some
MRI findings with several ROMs [15–17]. Particularly it
is known that, in pathophysiology, the capsule thicken-
ing and hypervascularization gradually progress in the
early stages of AC disease [9, 15]. We hypothesized that
these changes in AC were measured by MRI and could
be related to the severity of clinical findings such as the
patient’s ROM and shoulder pain. Accordingly, the ob-
jective of the present study was to investigate the associ-
ation between various clinical features and the MRI
findings for early AC that are known to date.

Methods
The study protocol was approved by our Institutional Re-
view Board. The requirement for informed consent was
waived in view of the retrospective nature of the study.

Inclusion and exclusion criteria
One hundred and thirty-two of 351 shoulder MRI scans
performed at our institution between January and

December 2016 were cases of MR arthrography and ex-
cluded, leaving medical records for 219 consecutive pa-
tients for retrospective analysis. The inclusion criteria
were as follows: restricted passive motion of ≥30 degrees
in two or more planes of motion in comparison with the
contralateral shoulder; persistent shoulder pain for at
least 1 month but no more than 9months (Hannafin
stage 1 or 2) [18]; and no abnormal findings on plain
radiographs [9, 12, 19–21]. The reason for our study in-
clusion criteria was symptoms for ≥1 month to exclude
patients with transient symptoms that were not associ-
ated with AC and would resolve spontaneously. Seven-
teen of 46 patients who met these criteria were
subsequently excluded because of limited bilateral shoul-
der ROM, rotator cuff tear, calcified tendinitis, rheuma-
toid arthritis, and severe osteoarthritis based on MRI
findings and clinical assessment. Finally, 29 patients (12
male, 17 female; mean age 51 [range, 30–73] years) were
included in the analysis.

Clinical assessment
An orthopedic surgeon with 24 years of experience per-
formed the physical examinations in all patients before
the MRI examination. A universal goniometer was used to
assess maximum passive ROM for external rotation, in-
ternal rotation, forward flexion, and abduction. External
rotation was measured as the maximum angle created by
rotating externally with 90 degrees of elbow flexion in the
neutral position. Internal rotation was measured as the
position of the spinous process reached by the thumb
when reaching back with the arm. ROM was quantified by
assigning one point for the pelvic region below the fifth
vertebrae, two points for the fifth lumbar spinous process,
and adding one more point for each segment above [15].
Forward flexion was measured as the maximum arm-
trunk angle when the arm was extended forward and ele-
vated as high as possible. Abduction was measured as the
maximum arm-trunk angle when the arms were elevated
as much as possible to the side.
The severity of shoulder pain was measured using a

visual analog scale (VAS) based on a questionnaire ad-
ministered on the same day as the physical examination.
Pain was categorized as pain at rest, pain at night, pain
during motion, and worst pain; each patient was
instructed to rate the severity of each type of pain as a
VAS score.

MRI acquisition
All patients underwent the same imaging protocol using
a 3-T MRI scanner (Intera Achieva, Philips Healthcare,
Andover, MA, USA) with a dedicated shoulder coil. Dur-
ing imaging, patients were in the supine position with
their arms externally rotated as much as possible. The
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images were acquired using the following imaging
protocol:

� Oblique sagittal fat-suppressed proton density
VISTA (volume isotropic turbo spin echo acquisition)
sequence with SPAIR (spectral attenuated inversion
recovery) imaging (repetition time/echo time [TR/
TE], 2000/18.6; echo-train length, 140; section
thickness, 1.2 mm; matrix, 268 × 267; field of view
[FOV], 160 × 160 mm

� Oblique coronal fat-suppressed T2-weighted
imaging (TR/TE, 4700/80; echo-train length, 10;
section thickness, 3 mm; matrix, 356 × 255; FOV,
160 × 160 mm)

� Oblique coronal T1-weighted imaging (TR/TE, 530/
20; echo-train length, 3; section thickness, 3 mm;
matrix, 358 × 258; FOV, 160 × 160 mm)

� Oblique sagittal T2-weighted imaging (TR/TE, 3800/
80; echo-train length, 16; section thickness, 3 mm;
matrix, 356 × 256; FOV, 160 × 160 mm)

� Oblique sagittal T1-weighted imaging (TR/TE, 530/
20; echo-train length, 3; section thickness, 4 mm;
matrix, 356 × 258; FOV, 160 × 160 mm)

� Axial fat-suppressed proton density imaging (TR/TE,
2100/30; echo-train length, 20; section thickness, 3
mm; matrix, 356 × 240; FOV, 160 × 160 mm).

MRI analysis
Assessment and measurements on all MRI images were
performed by two musculoskeletal radiologists, each
with 9 years of experience and working independently,
using a PACS (picture archiving and communication
system; INFINITT, Infinitt Healthcare, Seoul, Korea).
The radiologists were blinded to all clinical information.
Quantitative and qualitative MRI findings for the diagnosis
of AC were based on the existing literature [2, 8, 12, 22].
Before the analysis, a training session was conducted for
both radiologists using images that were different from
those analyzed in the study. Data measured independently
by the radiologists were used for assessment of interob-
server variance and all parameters were re-evaluated to
reach consensus before using the data for statistical
analysis.

Quantitative analysis
Oblique coronal fat-suppressed T2-weighted imaging
was used to measure the humeral and glenoid capsular
thicknesses in the axillary recess; the larger of the two
measured values was defined as the maximal axillary
capsular thickness (Fig. 1a). Oblique sagittal T2-
weighted imaging was used to measure the CHL thick-
ness from the thickest part of the entire ligament (Fig.
1b). Axial fat-suppressed proton density imaging was
used to measure the anterior capsular thickness, which

was measured from the thickest portion of the area
showing hypointensity below the subscapularis muscle
(Fig. 1c) [12]. All measured values were recorded up to
two decimal points.

Qualitative analysis
Qualitative MRI findings were evaluated based on the
presence or absence of the following: humeral and glen-
oid capsular hyperintensity in the axillary joint capsule;
anterior capsular hyperintensity; hyperintensity at the
rotator interval; and obliteration of the subcoracoid fat
triangle. Abnormal hyperintensity was determined by
the presence of hyperintensity in each joint capsule and
rotator interval using oblique coronal fat-suppressed T2-
weighted imaging (Fig. 1a, d), with presence of hyperin-
tensity in either the humeral or glenoid capsule deter-
mined as abnormal axillary capsular hyperintensity.
Obliteration of the subcoracoid fat triangle was defined
as hypointensity of fat relative to the subcutaneous fat
on oblique sagittal T1-weighted images (Fig. 1e).

Statistical analysis
The Wilcoxon signed-rank test was used to compare
ROM between the affected and unaffected (contralateral)
shoulder. Spearman correlation analysis was used to
analyze the correlations between MRI findings and clin-
ical features (ROM, pain, and duration of symptoms).
For multiple comparisons, the Benjamini-Hochberg pro-
cedure for controlling the false discovery rate was used.
The Benjamini-Hochberg adjusted P-value < 0.05 were
considered statistically significant [23, 24].
For assessment of interobserver agreement, the intra-

class correlation coefficient (ICC) was calculated for
quantitative analysis and Cohen’s kappa was calculated
for qualitative analysis. The ICC or kappa value was
interpreted as follows: 0 = poor agreement; 0.01–0.20 =
slight agreement; 0.21–0.40 = fair agreement; 0.41–
0.60 =moderate agreement; 0.61–0.80 = good agreement;
and 0.81–1.00 = excellent agreement.
All statistical analyses were performed using SPSS ver-

sion 20 (IBM Corp., Armonk, NY, USA).

Results
Table 1 shows the clinical characteristics of the study
population, which comprised 12 men and 17 women of
mean age 51.2 years. The mean interval between physical
examination and MRI was 16 (range, 4–48) days. The
mean duration of symptoms was 5 (range, 1–9) months,
meaning that only patients with early stage AC were in-
cluded. The VAS pain score tended to increase in the
order of pain at rest, pain at night, pain during motion,
and worst pain. Comparison of ROM between the af-
fected and unaffected sides showed a significant decrease
in ROM of the affected shoulder in all directions.
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Correlation between MRI findings and clinical features
Table 2 shows the correlation between MRI findings and
ROM. In patients with AC, some MRI findings in the
axillary recess showed correlations with specific ROM.
Maximal axillary capsular thickness (Fig. 2) and humeral
thickness were negatively correlated with internal rota-
tion. Also, hyperintensity in axillary recess and glenoid
were negatively correlated with abduction. Humeral
hyperintensity was negatively correlated with forward

flexion. There were no MRI findings that showed corre-
lations with external rotation.
In the analysis of the correlation between MRI findings

and severity of pain, there were no correlations between
MRI findings and severity of pain.
The hyperintensity in the humeral capsule was the

only one MRI finding that was correlated with dur-
ation of symptoms (rho = − 0.543, adjusted P-value =
0.022).

Fig. 1 Examples of findings on magnetic resonance images for a 48-year-old woman with adhesive capsulitis. a. Oblique coronal fat-suppressed
T2-weighted image showing measurement of the thickest portion of the axillary joint capsule in both humeral (arrow) and glenoid (dashed
arrow) attachment and also showing axillary capsular thickening and abnormal hyperintensity (arrow heads). Increased thickness was present only
at the glenoid portion (6.23 mm); thickness was normal at the humeral portion (2.81 mm). b Oblique sagittal T2-weighted image showing
measurement of the coracohumeral ligament thickness (dashed arrow). c Axial fat-suppressed proton density image showing measurement of
anterior capsular thickness (dashed arrow) below the subscapularis tendon. d Oblique coronal fat-suppressed T2-weighted image at the coracoid
process level showing abnormal hyperintensity in the subcoracoid fat triangle (arrows). e Oblique sagittal T1-weighted image showing
obliteration of the subcoracoid fat triangle (arrows)
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Interobserver agreement
Table 3 shows a summary of the results for interobserver
agreement. All findings for the quantitative analyses
showed good agreement (ICC, 0.61–0.71) while those
for the qualitative analysis showed moderate-to-good
agreement (kappa, 0.43–0.79).

Discussion
The retrospective study analyzed the correlations be-
tween MRI findings and clinical features (ROM, pain,
and duration of symptoms) in patients with AC. Axillary
capsular thickness and hyperintensity on MRI were
negatively correlated with duration of symptoms and
ROM in some directions.
Reduced ROM and shoulder pain have a variety of

causes, including rotator cuff tear, bursitis, and calcified
tendinitis. Therefore, it is important to be able to

differentiate between these based on radiological find-
ings [1]. Rotator cuff tear shows hyperintensity on T2-
weighted images due to the space created by a partially
or completely torn tendon being filled by a watery com-
ponent, such as joint fluid [25]. Bursitis shows expanded
findings due to fluid build-up in the subacromial subdel-
toid bursa [26]. Calcified tendinitis shows radiopaque
calcified deposits on tendons on plain radiographs and
computed tomography scans and T2 hyperintensity is
found because of nearby inflammation [27]. If the afore-
mentioned findings are absent on radiologic examin-
ation, primary AC with capsular abnormality could be
differentiated and diagnosed.
A study by Hannafin et al. [18] used a four-stage clas-

sification system based on progression of AC and de-
fined the first stage (0–3months) and second stage (3–9
months) with reduced ROM as early stages of AC.

Table 1 Demographic variables, clinical data, and MRI findings in the study participants (n = 29)

Characteristic Value

Demographics

Age, years 51.21 ± 9.18 (30–73)

Male/Female 12/17

Clinical data

Duration of symptoms, months 5.09 ± 3.17 (1–9)

VAS pain score

Resting 2.76 ± 2.33 (0–8)

Night 4.52 ± 2.92 (0–10)

Motion 6.52 ± 2.46 (2–10)

Worst 7.83 ± 1.58 (5–10)

Range of motion, degrees Affected shoulder Unaffected shoulder P-value

External rotation 35.17 ± 21.07 (5–85) 69.14 ± 9.74 (50–85) < 0.001

Internal rotation 6.31 ± 4.22 (1–13) 12.79 ± 2.06 (8–17) < 0.001

Forward flexion 137.59 ± 22.94 (95–170) 170.34 ± 10.50 (140–180) < 0.001

Abduction 132.07 ± 34.45 (20–175) 172.07 ± 7.85 (155–180) < 0.001

MRI parameters

Quantitative analysis

Maximal axillary capsular thickness 7.04 ± 2.29 (1.98–7.81)

Humeral capsular thickness 6.04 ± 2.84 (0.94–7.56)

Glenoid capsular thickness 5.80 ± 1.92 (1.13–7.81)

Coracohumeral ligament thickness 2.99 ± 0.86 (1.13–5.24)

Anterior capsular thickness 4.01 ± 1.32 (0.70–7.56)

Qualitative analysis

Hyperintensity in axillary recess 24 (82.75)

Humeral capsular hyperintensity 21 (72.41)

Glenoid capsular hyperintensity 22 (75.86)

Hyperintensity in the rotator interval 22 (75.86)

Hyperintensity in the anterior capsule 26 (89.66)

The data are presented as the mean ± standard deviation (range) or as the number (percentage)
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However, one of our study inclusion criteria was symp-
toms for ≥1 month to exclude patients with transient
symptoms that were not associated with AC and would
resolve spontaneously. Although the exact etiology of
AC has not been identified, the pathophysiology likely
involves capsular inflammation, which subsequently
leads to capsular fibrosis [1, 6]. Therefore, AC shows a
pattern of pain being dominant in the early stage
followed by gradual reduction in ROM due to synovial
and capsular inflammation and fibrosis. Capsular fibrosis
becomes most severe in the late stage as the inflamma-
tion subsides. Although the symptoms of AC are known

to improve naturally over time, complete recovery may
take up to 2 years [2, 6, 20, 28]. There are various treat-
ments available, including physical therapy, corticoster-
oid injection, manipulation under anesthesia, and
surgical capsular release [13, 18, 29]. The decision re-
garding such treatment modalities may vary depending
on the clinical stage, accurate diagnosis of AC, and ac-
curate identification of AC stage and could ultimately
shorten the clinical course [13, 18, 20].
Ahn et al. [15] reported a significant correlation be-

tween axillary capsular thickness and ROM in external
rotation. The present study also found a negative

Fig. 2 Scattergrams showing the relationships between the four directions of range of motion (ROM) and maximal axillary capsular thickness.
Filled squares with dotted lines and filled triangles with dash-dot lines represent the scatter plots with trend lines for men and women,
respectively. Bold black lines with statistical values are trend lines for all patients
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correlation of axillary capsular thickness with ROM in
external rotation and in other directions (internal rota-
tion, forward flexion, and abduction). However, there
was an only significant negative correlation between axil-
lary capsular thickness and internal rotation after the ad-
justment for multiple comparisons, This discordance
may be attributed to the fact that the study by Ahn et al.
[15] did not differentiate different stages of AC whereas
the present study analyzed only patients with early AC.
A study by Sofka et al. [17] reported that axillary capsu-
lar thickness was significant greater in the early clinical
stage (stage 2) than in any other stage but that there
were no significant differences between other stages.
Therefore, capsular thickening occurred together with
capsular inflammation in the early stage of disease, sug-
gesting that such findings may be correlated with clinical
features. Given that the present study included only pa-
tients with early AC, correlations between capsular
thickness in ROM for internal rotation may have ap-
peared, unlike in other studies. Moreover, ROM in in-
ternal rotation tended to show a relatively higher
correlation than other directions of ROM in the present
study. This may have been due to the scoring system
used for the degree of internal rotation based on each
location in the spine, which may have shown correla-
tions that could not be identified in previous studies
[15]. Furthermore, a study by Park et al. [9] reported
that hyperintensity in the axillary recess was correlated
with ROM in external rotation, and the present study
also found correlations between hyperintensity in the ax-
illary recess and ROM in various directions. After the
correction of multiple comparisons, there were only sig-
nificant negative correlations between hyperintensity in
axillary recess and abduction/forward flexion. A negative
correlation was also found between hyperintensity in the
humeral capsule and duration of symptoms, which is de-
termined to be the effect of increased blood flow and

edema associated with capsular inflammation in the
early stage of AC, similar to results in previous studies
[9, 17, 18]. As in previous studies [15, 22], this study also
found no correlation between severity of pain and capsu-
lar thickness.
According to previous studies, CHL thickening and

obliteration of the subcoracoid fat triangle are important
diagnostic criteria for AC [2, 30]. While the present
study found CHL thickening and obliteration of the sub-
coracoid fat triangle in most patients, these findings
were not correlated with clinical features, as reported
previously [9, 15].
This study had some limitations, including the follow-

ing. First, the number of patients with AC was relatively
low, which may have introduced a degree of bias. How-
ever, the results are similar to those of previous studies
because the study population was limited to patients
with early AC and the sample size was large enough to
derive statistically valid conclusions. Second, correlations
between MRI findings and clinical features at different
stages could not be evaluated because no subgroup ana-
lysis based on different clinical stages could be per-
formed. Third, patients with AC were defined based on
clinical criteria not by diagnosis based on arthroscopy or
tissue biopsy. However, because arthroscopic treatment
is not recommended as first-line treatment for AC, a
histological diagnosis may have been unethical. There-
fore, we selected those patients suspected of having AC
based on clinical symptoms, in the same way that AC is
diagnosed in clinical practice and eliminated the possi-
bility of another disease by MRI findings.

Conclusions
In conclusion, axillary capsular thickening and hyperin-
tensity on MRI in patients with early AC correlates with
limited ROM. MRI findings in patients with AC could
be used for indicators of clinical symptoms.

Table 3 Interobserver agreement

Parameter ICC Kappa Agreement

Quantitative analysis

Anterior capsular thickness 0.67 Good

Humeral capsular thickness in axillary recess 0.71 Good

Glenoid capsular thickness in axillary recess 0.61 Good

Coracohumeral ligament thickness 0.63 Good

Qualitative analysis

Hyperintensity in the anterior capsule 0.56 Moderate

Humeral capsular hyperintensity in axillary recess 0.79 Good

Glenoid capsular hyperintensity in axillary recess 0.71 Good

Hyperintensity in the rotator interval 0.48 Moderate

Obliteration of the subcoracoid fat triangle 0.43 Moderate

ICC Intraclass correlation coefficient

Choi and Kim BMC Musculoskeletal Disorders          (2020) 21:542 Page 8 of 9



Abbreviations
AC: Adhesive capsulitis; CHL: Coracohumeral ligament; FOV: Field of view;
ICC: Intraclass correlation; MRI: Magnetic resonance imaging; ROM: Range of
motion; TR/TE: Repetition time/echo time; VAS: Visual analog scale

Acknowledgments
Not applicable.

Authors’ contributions
Conceptualization, YC and DK; methodology, YC and DK; software, DK;
validation, YC and DK; formal analysis, DK; investigation, YC and DK;
resources, DK; data curation, DK; writing—original draft preparation, YC and
DK; writing—review and editing, YC and DK; visualization, DK; supervision,
YC; project administration, DK; funding acquisition, YC. All authors read and
approved the final manuscript.

Funding
This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Education. (No.2017R1D1A1B03029113). This work was supported by the
Soonchunhyang University Research Fund. Both funders supported the data
acquisition and manuscript editing.

Availability of data and materials
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study protocol was approved by the Institutional Review Board of SMG-SNU
Boramae Medical Center (Registration number: 30–2018-10). The requirement for
informed consent was waived in view of the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this article.

Author details
1Department of Physical Medicine and Rehabilitation, Soonchunhyang
University Hospital Seoul, Soonchunhyang University College of Medicine,
Seoul 04401, South Korea. 2Department of Radiology, Seoul Metropolitan
Government - Seoul National University Boramae Medical Center, Seoul
National University College of Medicine, Seoul 07061, South Korea.

Received: 8 May 2020 Accepted: 4 August 2020

References
1. Ryan V, Brown H, Minns Lowe CJ, Lewis JS. The pathophysiology associated

with primary (idiopathic) frozen shoulder: a systematic review. BMC
Musculoskelet Disord. 2016;17:340.

2. Zappia M, Di Pietto F, Aliprandi A, Pozza S, De Petro P, Muda A, et al. Multi-
modal imaging of adhesive capsulitis of the shoulder. Insights Imaging.
2016;7:365–71.

3. Miller MD, Wirth MA, Rockwood CA. Thawing the frozen shoulder: the"
patient" patient. Orthopedics. 1996;19:849–53.

4. Sasanuma H, Sugimoto H, Fujita A, Kanaya Y, Iijima Y, Saito T, et al.
Characteristics of dynamic magnetic resonance imaging of idiopathic severe
frozen shoulder. J Shoulder Elb Surg. 2017;26:e52–e7.

5. Lho Y-M, Ha E, Cho C-H, Song KS, Min BW, Bae KC, et al. Inflammatory
cytokines are overexpressed in the subacromial bursa of frozen shoulder.
J Shoulder Elb Surg. 2013;22:666–72.

6. Tamai K, Akutsu M, Yano Y. Primary frozen shoulder: brief review of
pathology and imaging abnormalities. J Orthop Sci. 2014;19:1–5.

7. Lee MH, Ahn JM, Muhle C, Kim SH, Park JS, Kim SH, et al. Adhesive capsulitis
of the shoulder: diagnosis using magnetic resonance arthrography, with
arthroscopic findings as the standard. J Comput Assist Tomogr. 2003;27:
901–6.

8. Jung JY, Jee WH, Chun HJ, Kim YS, Chung YG, Kim JM. Adhesive capsulitis
of the shoulder: evaluation with MR arthrography. Eur Radiol. 2006;16:791–6.

9. Park S, Lee D-H, Yoon S-H, Lee HY, Kwack K-S. Evaluation of adhesive capsulitis
of the shoulder with fat-suppressed T2-weighted MRI: association between
clinical features and MRI findings. Am J Roentgenol. 2016;207:135–41.

10. Lee JC, Sykes C, Saifuddin A, Connell D. Adhesive capsulitis: sonographic
changes in the rotator cuff interval with arthroscopic correlation. Skelet
Radiol. 2005;34:522–7.

11. Gokalp G, Algin O, Yildirim N, Yazici Z. Adhesive capsulitis: contrast-enhanced
shoulder MRI findings. J Med Imaging Radiat Oncol. 2011;55:119–25.

12. Park J, Choi YH, Chai JW, Cha SW, Lim JH, Jo CH, et al. Anterior capsular
abnormality: another important MRI finding for the diagnosis of adhesive
capsulitis of the shoulder. Skelet Radiol. 2018;48:543–52.

13. Carette S, Moffet H, Tardif J, Bessette L, Morin F, Frémont P, et al.
Intraarticular corticosteroids, supervised physiotherapy, or a combination of
the two in the treatment of adhesive capsulitis of the shoulder: a placebo-
controlled trial. Arthritis Rheum. 2003;48:829–38.

14. Brue S, Valentin A, Forssblad M, Werner S, Mikkelsen C, Cerulli G. Idiopathic
adhesive capsulitis of the shoulder: a review. Knee Surg Sports Traumatol
Arthrosc. 2007;15:1048–54.

15. Ahn K-S, Kang CH, Oh Y-W, Jeong W-K. Correlation between magnetic
resonance imaging and clinical impairment in patients with adhesive
capsulitis. Skelet Radiol. 2012;41:1301–8.

16. Lee SY, Lee KJ, Kim W, Chung SG. Relationships between capsular stiffness
and clinical features in adhesive capsulitis of the shoulder. PM R. 2015;7:
1226–34.

17. Sofka CM, Ciavarra GA, Hannafin JA, Cordasco FA, Potter HG. Magnetic
resonance imaging of adhesive capsulitis: correlation with clinical staging.
HSS J. 2008;4:164–9.

18. Hannafin JA, Chiaia TA. Adhesive capsulitis. A treatment approach. Clin
Orthop Relat Res. 2000;372:95–109.

19. Yoon S-H, Lee HY, Lee HJ, Kwack K-S. Optimal dose of intra-articular
corticosteroids for adhesive capsulitis: a randomized, triple-blind, placebo-
controlled trial. Am J Sports Med. 2013;41:1133–9.

20. Ewald A. Adhesive capsulitis: a review. Am Fam Physician. 2011;83:417–22.
21. Buchbinder R, Green S, Forbes A, Hall S, Lawler G. Arthrographic joint

distension with saline and steroid improves function and reduces pain in
patients with painful stiff shoulder: results of a randomised, double blind,
placebo controlled trial. Ann Rheum Dis. 2004;63:302–9.

22. Lee SY, Park J, Song SW. Correlation of MR arthrographic findings and range
of shoulder motions in patients with frozen shoulder. AJR Am J Roentgenol.
2012;198:173–9.

23. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. J R Stat Soc B. 1995;57:289–300.

24. McDonald JH. Handbook of Biological Statistics. 3rd ed. Baltimore: Sparky
House Publishing; 2014. p. 254–60.

25. De Jesus JO, Parker L, Frangos AJ, Nazarian LN. Accuracy of MRI, MR
arthrography, and ultrasound in the diagnosis of rotator cuff tears: a meta-
analysis. Am J Roentgenol. 2009;192:1701–7.

26. White EA, Schweitzer ME, Haims AH. Range of normal and abnormal
subacromial/subdeltoid bursa fluid. J Comput Assist Tomogr. 2006;30:316–20.

27. Chan R, Kim DH, Millett PJ, Weissman BN. Calcifying tendinitis of the rotator
cuff with cortical bone erosion. Skelet Radiol. 2004;33:596–9.

28. Tao MA, Karas V, Riboh JC, Laver L, Garrigues GE. Management of the stiff
shoulder with arthroscopic circumferential capsulotomy and axillary nerve
release. Arthrosc Tech. 2017;6:e319–e24.

29. Omari A, Bunker TD. Open surgical release for frozen shoulder: surgical
findings and results of the release. J Shoulder Elb Surg. 2001;10:353–7.

30. Chi AS, Kim J, Long SS, Morrison WB, Zoga AC. Non-contrast MRI diagnosis
of adhesive capsulitis of the shoulder. Clin Imaging. 2017;44:46–50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Choi and Kim BMC Musculoskeletal Disorders          (2020) 21:542 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Inclusion and exclusion criteria
	Clinical assessment
	MRI acquisition
	MRI analysis
	Quantitative analysis
	Qualitative analysis

	Statistical analysis

	Results
	Correlation between MRI findings and clinical features
	Interobserver agreement

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

