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Abstract
Purpose: To determine rotator cuff pathologies in patients with
painful and stiff shoulder using plain magnetic resonance imaging,
and to assess differences in patients’ characteristics and patterns of
fluid collection in and around the shoulder joint.
Methods: Magnetic resonance imaging studies were performed
on 130 shoulders of 126 patients who were 40 years or older with passive
flexion 120 degrees or less, and no history of trauma. The patients’
characteristics at the initial visit, the supraspinatus tendon insertion and
fluid collection in and around the shoulder joint were studied.
Results: Patients were diagnosed as showing complete-thickness
tear (n=15, 12%), incomplete-thickness tear (n=54, 42%), tendinopathy
(n=36, 27%), or primary frozen shoulder (n=25, 19%). Age at an initial
visit was significantly older in the complete-thickness group than in the
other two groups. The complete-thickness group showed significantly
wider passive internal rotation than the other two groups, and could
be differentiated with a probability of 96%, if the internal rotation
restriction was set at L5 or more caudal. The incomplete-thickness
group showed fluid collection in the subacromial bursa significantly
more frequently than the primary frozen shoulder group.
Conclusion: Almost all patients with stiff shoulder had minor cuff
pathologies or frozen shoulder, if the internal rotation restriction was
severe.

Abbreviation
MRI: Magnetic Resonance Imaging; Th: Thoracic spine spinous
process; L: Lumbar spine spinous process; ROM: Range of Motion;
Flex: Flexion; ER: External Rotation; IR: Internal Rotation at side;
SAB: Subacromial Bursa; GHJ: Glenohumeral Joint; BG: Sheath of
Bicipital Groove; ACJ: Acromioclavicular Joint; ROC curve: Receiver
Operating Characteristic curve; AUC: Area Under the Curve

Introduction
The clinical presentation of frozen shoulder (adhesive capsulitis)
is nonspecific and consists of limited passive motion accompanied
by pain. The current consensus definition of frozen shoulder by
the American Shoulder and Elbow Surgeons is “a condition of
uncertain etiology characterized by significant restriction of both
active and passive shoulder motion that occurs in the absence of a
known intrinsic shoulder disorder” [1,2]. Calcific tendinitis, bicipital
tenosynovitis, glenohumeral and acromioclavicular arthritis, and
rotator cuff tears should be excluded when diagnosing primary frozen
shoulder [3]. In 1991, Wiley reported that only 37 patients (24.7%)
qualified for diagnosis of primary frozen shoulder out of 150 patients
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clinically diagnosed with frozen shoulder [4]. The others had frozen
shoulder secondary to some other painful cause, such as rotator cuff
tear or impingement. In 2011, Zuckerman and Rokito reported the
present consensus definition of frozen shoulder to the membership of
the American Shoulder and Elbow Surgeons [5]. MRI characteristics
for the diagnosis of frozen shoulder have been reported using contrast
or plain MRI [6-10]. Several reports have described diagnosis using
MRI findings for painful and stiff shoulders from a converse direction
[7,11,12]. The purpose of this study was to disclose the different
patterns of clinical findings and fluid collection in and around the
shoulder joint, as well as to determine the rotator cuff pathologies
present in patients with painful and stiff shoulders using plain MRI.

Materials and Methods
Patients and/or their families were informed that data from the
case would be submitted for publication, and provided consent prior
to enrolment. Approval was given by the institutional review board
at the hospitals.
Plain MRI studies were performed on consecutive 192 shoulders
of 185 patients with persistent shoulder pain. Of these 185 patients,
130 shoulders of 126 patients (44 men, 82 women) who showed
passive flexion ≤120 degrees with recognizable restriction in the
ranges of external and internal rotation, age ≥40 years, and history of
symptoms continuing for more than one month were enrolled in the
study. The mean age of patients at initial examination was 62.1 years
(range, 42-82 years). The right shoulder was involved in 63 patients,
the left in 59, and four showed bilateral shoulder involvement.
The exclusion criteria were: a history of trauma in or around the
shoulder joint, such as a fracture; presence of calcium deposits in or
around shoulder joint on radiography; osteoarthritis of the shoulder;
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Table 1: Diagnostic rates by MRI (n=143)
Operative diagnosis
Primary
IncompleteMRI diagnosis
frozen
thickness tear
shoulder
Primary frozen
shoulder group
(n=8)

Completethickness
tear

Undifferentiated
shoulder

2(5.7%)

8(100%)

Incompletethickness group
(n=35)

27(77.1%)

6(17.1%)

Completethickness group
(n=100)

5(5%)

95(95%)

The diagnostic rates were 100% for primary frozen shoulder, 77.1% for
incomplete-thickness tears, and 95% for complete-thickness tears.

rheumatoid arthritis; cervical spine disease, dialysis; or nerve palsy.
No patients had received any injections into the shoulder joint or
subacromial bursa three months prior to MRI.
MRI was performed using a 1.5-T system (Signa Horizon LX, GE
Healthcare, Milwaukee, WI) using a shoulder coil. T2-weighted fast
spin-echo inversion recovery (FSEIR) images [repetition time, 4200
ms; echo time, 80 ms; inversion time, 150 ms; matrix, 256 × 192;
slice thickness, four mm (slice interval, 0.4 mm), field of view, 17 ×
17 cm] were obtained in the coronal oblique and transverse planes.
Thickness of the axillary capsule could not be estimated precisely,
but examinations of all shoulders revealed thickening of the axillary
capsule and synovia [13].
Complete- and incomplete-thickness rotator cuff tears were
diagnosed according to the methods described by Teefey et al. [14].
Signal intensities in the supraspinatus tendons, except for in the
incomplete-thickness and complete-thickness tears, were classified
into three grades: low intensity; scattered muscle-intensity; and
scattered fluid-intensity. The group showing low intensity was
called the primary frozen shoulder group, and the group showing
scattered muscle-intensity or scattered fluid-intensity was called
the tendinopathy group [15-17]. As to the diagnostic rate from

MRI, the following pilot study was performed. A total of 143
shoulders with subacromial impingement syndrome were operated
on after MRI. The aforementioned criteria were applied, and 100
shoulders were diagnosed with complete-thickness tear (completethickness group), 35 shoulders with incomplete-thickness tear of
the supraspinatus tendon (incomplete-thickness group), and eight
shoulders with primary frozen shoulder (primary frozen shoulder
group) preoperatively. The diagnostic rates in our MRI study were
100% for primary frozen shoulder, 77.1% for incomplete-thickness
tears, and 95% for complete-thickness tears (Table 1). Fluid collection
in the subacromial bursa, glenohumeral joint, bicipital groove,
subscapularis bursa, and acromioclavicular joint were estimated as
positive if the cavities were distended by fluid-intensity signals [10].
Because the subacromial bursa and glenohumeral joint are connected
such that complete-thickness tears make it difficult to estimate fluid
in those areas, fluid collection in cavities was estimated in all except
for the complete-thickness group.
Signal intensities in the cuff tendons and fluid collection in the
cavities were independently estimated by three orthopedic surgeons
(K.H., K.Y., T.M.), and the diagnosis was subsequently established
by consensus when the surgeons’ interpretations of MRI findings
differed.

Statistical analysis
Differences in patients’ characteristics (age at an initial visit,
symptom duration prior to an initial visit, passive range of motion)
among the primary frozen shoulder group, tendinopathy group,
incomplete-thickness group, and complete-thickness group were
determined by one-way analysis of variance and a multiple comparison
test (Tukey’s honestly significant difference test) using SPSS II
version 17.0 (SPSS, Chicago, IL). Differences in fluid collection rates
between groups of patients were evaluated with the chi-square test
using SPSS II version 17.0 (SPSS). The level of statistical significance
was set at P<0.05. On passive internal rotation, the receiver operating
characteristic curve was described, and cutoff values were analyzed.

Results

Table 2: Patients’ characteristics at an initial visit (n=130)
Passive ROM
MRI diagnosis

Age (years)

Sex
(Male/Female)

Symptom duration
(months)

Flex
(degrees)

ER
(degrees)

IR
(spinous
process)

Primary frozen shoulder
group

57.4±9.2

9/16

5.6±5.9

101.8±14.9

23.6±13.8

L 5.2±2.0

Tendinopathy group

60.0±9.2

14/22

5.0±6.4

98.0±19.3

27.1±15.6

L 4.1±3.2

Incompletethickness group

63.3±9.0

22/31

10.4±27.3

101.2±18.7

27.9±14.4

L 4.0±3.3

Completethickness group

68.9±9.8

2/13

13.2±20.5

100.3±24.2

33.8±10.6

L 0.6±4.5

Values represent mean ± SD
The complete-thickness group was significantly older than the frozen shoulder group (p=0.01) and the tendinopathy group (p=0.08), and also showed significantly
wider passive internal rotation than the other 3 groups (Tukey’s honestly significant difference test, p=0.00, 0.005, 0.003, respectively).
J Orthopedics Rheumatol 2(1): 4 (2015)
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forms of fluid collections did not differ significantly among these
three groups.

Discussion
In 1992, Shaffer et al. followed-up 68 frozen shoulders after
rotator cuff tears had been excluded by arthrography for seven
years (mean), and 31 (50%) still experienced pain or stiffness [18].
Connell et al. reported three partial tears of the supraspinatus tendon
disclosed by intravenous gadolinium-enhanced MR arthrography in
24 consecutive patients with clinical evidence of adhesive capsulitis
[7]. In 2009, Yoo et al. reported that 50 patients (61.7%) in a group
believed to have stage-2 idiopathic adhesive capsulitis showed
incomplete- or complete-thickness tears on MR arthrography [12].
In our study, plain MRI was applied and, almost half of the shoulders
displayed incomplete- or complete-thickness tears, with only 19%
displaying primary frozen shoulder. Our report is consistent with
previous reports. The report of Shaffer et al. may thus have also
included incomplete-thickness tears, which could have made the
prognosis for clinically diagnosed frozen shoulder appear worse than
expected [18].

Figure 1: ROC curve of internal rotation.

From MRI diagnosis, the complete-thickness group comprised 15
shoulders (12%) including one massive tear, the incomplete-thickness
group comprised 54 (42%), the tendinopathy group comprised 36
(27%), and the primary frozen shoulder group comprised 25 (19%).
Patients’ characteristics at the initial visit are shown in Table 2.
Passive flexion, passive external rotation, and duration of disease
at an initial visit did not show significant differences among four
groups. However, the complete-thickness group was significantly
older than the the primary frozen shoulder group (p=0.01) and the
tendinopathy group (p=0.08), but was not significantly different
from the incomplete-thickness group (p=0.157) (Tukey’s honestly
significant difference test). The complete-thickness group also
showed significantly wider passive internal rotation than the other
three groups (Tukey’s honestly significant difference test, p=0.00,
0.005, 0.003, respectively). In the passive internal rotation analysis,
the area under the curve of the receiver operating characteristic curve
was 0.752 and operating characteristic was good (95% confidence
interval, 0.595-0.910). The cutoff value offering the highest value for
(sensitivity - false-positive rate) was Th16.5 (L4.5). If Th16.5 (L4.5)
was set as cutoff value, sensitivity was 0.561, and the false-positive rate
was 0.143 for the complete-thickness group (Figure 1). There were
73 patients with internal rotation restriction of Th17 (L5) or more
caudal and only three cases (4.1%) were in the complete-thickness
group (Table 3).
Patterns of fluid collection in the cavities are shown in Table 4. The
incomplete-thickness group showed significantly the most frequent
fluid collection in the subacromial bursa, and the tendinopathy group
showed the least frequent (Pearson’s chi-square test, p=0.001). Other
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Yoo et al. also reported that adhesive capsulitis patients >60 years
old were more likely to have a supraspinatus tendon tear [12]. Our
results were consistent with this finding; mean age of the primary
frozen shoulder group was 57.4 ± 9.2 years, compared to 60.0 ± 9.2
years in the tendinopathy group, and these groups were significantly
younger than the complete-thickness group (68.9 ± 9.8 years).
In our study, passive flexion and passive external rotation at an
initial visit did not show significant differences among four groups,
but the range of passive internal rotation of the complete-thickness
Table 3: Classification according to internal rotation restriction.
Th16( L4) or more
cephalad

MRI diagnosis

Th17(L5) or more
caudal

Primary frozen shoulder group
(n=25)

8

17

Tendinopathy group (n=36)

16

20

Incomplete-thickness group (n=54)

21

33

Complete-thickness group (n=15)

12

3

70/73
(95.9%)
3/73
(4.1%)

There were 73 patients with internal rotation restriction of Th17 (L5) or more
caudal and only three cases (4.1%) were in the complete-thickness group.
Table 4: Pattern of fluid collection in and around shoulder joint (n=115)

Primary frozen
shoulder group

SAB

GHJ

BG

Subscapularis
bursa

ACJ

9/25
(36%)

15/25
(60%)

20/25
(80%)

5/25
(20%)

3/25
(12%)

Adjusted residual

-1.1

0.5

2.0

-2.0

1.7

Tendinopathy group

9/36
(25%)

22/36
(61%)

22/36
(61%)

17/36
(47%)

1/36
(3%)

Adjusted residual

-3.1

0.8

-0.2

1.5

-0.8

Incomplete-thickness
group

35/54
(65%)

27/54
(50%)

30/54
(56%)

21/54
(39%)

2/54
(4%)

Adjusted residual

3.8

-1.1

-1.5

0.3

-0.7

p

0.001

0.516

0.110

0.092

0.222

The incomplete-thickness group showed significantly the most frequent fluid
collection in the subacromial bursa (Pearson’s chi-square test, p=0.001).
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group was significantly wider than that of the other three groups. This
is believed to be a characteristic of complete-thickness tear with a
restricted range of motion, due to less shoulder pain in the completethickness tears than the other rotator cuff pathologies [19].
Only three shoulders out of 73 patients with passive internal
rotation restriction of L5 or more caudal were in the completethickness group. This means that 95.9 % of patients in whom passive
internal rotation restriction was L5 or more caudal were not diagnosed
as complete-thickness rotator cuff tear (Table 3), and further imaging
studies for complete-thickness tear may not necessary.
In 1997, Tamai et al. reported one shoulder in 6 primary frozen
shoulders and four shoulders in 12 tendinopathies displayed fluid
collection in the subacromial bursa on the results of dynamic MRI
for 18 frozen shoulders [10]. In our study, the incomplete-thickness
group showed the most frequent fluid collection in the subacromial
bursa. The primary frozen shoulder group and tendinopathy group
showed fluid collection in 36% and 25%, respectively, which may be
due to synovitis causing restricted shoulder motion [10]. The primary
frozen shoulder group showed no significant differences from the
tendinopathy group in any parameters.
This study has several limitations. First, not all patients underwent
operations and we thus did not have surgical proof of MRI findings.
However, according to clinical symptoms and MRI findings, our
primary frozen shoulder group was considered compatible with
primary frozen shoulder. Second, we were unable to differentiate
phases of frozen shoulder, because not all patients could be followedup until clinical remission. Nevertheless, our results disclosed the
existence of rotator cuff pathologies and also the different patterns
of clinical findings and fluid collection in stiff and painful shoulders.
Third, the mechanism of relatively gentle internal rotation restriction
in complete-thickness rotator cuff tear was not disclosed exactly in
this study. This issue remains to be studied in the future.
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