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Purpose: To determine relationships between different types of rotator cuff tears
and radiographic abnormalities.

Materials and Methods: The shoulder radiographs of 104 patients with an ar-
throscopically proven rotator cuff tear were compared with similar radiographs of
54 age-matched controls with intact cuffs. Two radiologists independently inter-
preted all radiographs for; cortical thickening with subcortical sclerosis, subcortical
cysts, osteophytes in the humeral greater tuberosity, humeral migration, degenera-
tions of the acromioclavicular and glenohumeral joints, and subacromial spurs. Sta-
tistical analysis was performed to determine relationships between each type of ro-
tator cuff tears and radiographic abnormalities. Inter-observer agreements with
respect to radiographic findings were analyzed.

Results: Humeral migration and degenerative change of the greater tuberosity, in-
cluding sclerosis, subcortical cysts, and osteophytes, were more associated with full-
thickness tears (p < 0.01). Subacromial spurs were more common for full-thickness
and bursal-sided tears (p < 0.01). No association was found between degeneration of
the acromioclavicular or glenohumeral joint and the presence of a cuff tear.
Conclusion: Different types of rotator cuff tears are associated with different ra-
diographic abnormalities.
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INTRODUCTION

Rotator cuff tears are a common cause of shoulder pain. The
diagnosis of rotator cuft tears is based upon clinical assessment
and radiologic images, including plain radiographic, ultrasound,
and MR images. Among these modalities, plain radiography is
the most commonly used imaging modality in cases of shoulder
pain. However, the usefulness of radiographs for the diagnosis of
rotator cuff tear is limited. Radiographic findings of patients with
a documented rotator cuff tear include a decreased acromio-
humeral distance, a hooked acromion, and degenerative changes
of the greater tuberosity and acromioclavicular joint (1-4), and
these findings are generally used to predict the presence of rota-

tor cuft pathology. However, in studies on relationships between
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radiographic abnormalities and rotator cuff pathology have re-
turned conflicting results (5-9). Furthermore, to the best of our
knowledge, no study has yet examined the relationship between
radiographic findings and subtypes of partial thickness rotator
cuff tears classified by location.

Accordingly, the purpose of this study was to assess the rela-
tionship between each type of rotator cuft tear and radiographic
abnormalities of the greater tuberosity, acromion, acromiocla-

vicular, and glenohumeral joints.

MATERIALS AND METHODS

Patients

This retrospective study was approved by our institutional re-
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view board, which waived the requirement for patient informed
consent.

We reviewed the surgical records of 104 patients (50 men and
54 women; mean age of 59.5 years) with radiographs, diagnosed
with a supraspinatus tendon tear from 1st March 2010 to 28th
February 2013. At arthroscopy, 64 patients (33 men and 31
women; mean age 62.1 years) were diagnosed with a full thick-
ness tear, and 40 (19 men and 21 women; mean age 55.3 years)
were diagnosed with a partial thickness tear. Of the 40 partial
thickness tears, 22 were articular-sided and 18 were bursal-sided.
The study included a control group of 54 patients (13 men and
41 women; mean age of 52.3 years) with intact rotator cuffs. In
the control group, 10 patients were diagnosed by arthroscopy
and 44 by MR arthrography. Arthroscopic diagnoses in the con-
trol group were; 7 patients with superior labral tear from anterior
to posterior (SLAP) lesion, 2 with adhesive capsulitis, and 1 with
acromioclavicular arthritis. Image based diagnoses in the control
group were; 29 patients without any pathologic finding, 14 with a
SLAP lesion, and 1 with adhesive capsulitis. In this study, we fo-
cused on whether a rotator cuft tear was present or not. Tear siz-

es and degree of tendon retraction were not considered.

Imaging Protocols

Four radiographs were taken of each shoulder (True shoulder
anterior-posterior (AP) projection, supraspinatus outlet view,
axillary lateral view, and caudal 30-degree tilt view).

MR arthrography was performed on 1.5-T or 3.0-T units
(Achieva, Philips Medical Systems, Best, The Netherlands) using
our standard shoulder protocol; axial and oblique coronal T1
spectral presaturation with inversion recovery (SPIR) with fat
suppression [repetition time (TR)/echo time (TE) = 500/10 msec],
fat suppressed T1 abduction external rotation view (TR/TE =
500/10 msec), oblique sagittal T1-weighted spin echo (TR/TE =
580/10 msec), oblique coronal and sagittal T2-weighted image
without fat suppression (TR/TE = 2400/80 msec), and oblique
coronal T2 SPIR with fat suppression (TR/TE = 3200/70 msec).
All sequences were obtained using a section thickness of 3 mm
and a field of view of 12 cm. For MR arthrography, a 20-22
gauge spinal needle was inserted through the medial border of
the humeral head under fluoroscopic guidance and placed into
the glenohumeral joint. All patients had received 12 mL of intra-

articular contrast mixture via an anterior approach. The contrast
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mixture was obtained by combining 0.1 mL of gadobutrol
(Gadovist, Bayer Schering Pharma, Berlin, Germany), 3 mL of
iopromide (Ultravist 300, Bayer Health Care, Leverkusen, Ger-

many), 2 mL of 2% lidocaine and 10 mL of saline.

Imaging Analysis

As has been done previously (9), radiographic abnormalities
were classified into seven categories: abnormalities of the greater
tuberosity including; 1) cortical thickening with subcortical
sclerosis, 2) subcortical cysts, 3) osteophytes, 4) humeral migra-
tion, 5) acromioclavicular joint degeneration, 6) glenohumeral
joint degeneration, and 7) subacromial spurs.

We defined cortical thickening as a tuberosity cortex thicker
than that of the adjacent humeral head, and subcortical sclerosis
as blurred, indistinct, thick, or dense trabeculae under the cor-
tex (Fig. 1). To distinguish cyst-like lesions from osteoporosis
and the normal lucency often seen in the greater tuberosity, we
scored them only when a round or oval lucency was surrounded
by a well-defined sclerotic border (Fig. 2). Humeral migration
was defined as an acromiohumeral interval of < 7 mm (10). De-
generations of the acromioclavicular and glenohumeral joints
were defined as joint space narrowing with subarticular sclerosis
and osteophytes (Figs. 3, 4). Subacromial spurs are also included
as radiographic abnormalities.

Abnormalities of the greater tuberosity were analyzed on AP
projection and caudal 30-degree tilt view. Humeral migration

was analyzed on AP projection view. Degenerations of the acro-

_

Fig. 1. A 42-year-old women who was diagnosed as full-thickness
tear by shoulder arthroscopy. Anterior-posterior (AP) projection radio-
graph of the right shoulder shows cortical thickening with subcortical
sclerosis in greater tuberosity (arrow).
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Fig. 2. A 56-year-old men who was diagnosed as full-thickness tear
by shoulder arthroscopy. Anterior-posterior (AP) projection radiograph
of the right shoulder shows subcortical cyst (arrow) and osteophytes
in greater tuberosity.

Fig. 3. A 69-year-old women who was diagnosed as full-thickness tear
by shoulder arthroscopy. Anterior-posterior projection radiograph of the
right shoulder shows degeneration of glenohumeral joint (arrow).

Fig. 4. A 65-year-old men who was diagnosed as intact rotator cuff
by MR arthrography. Anterior-posterior projection radiograph of the
left shoulder shows degeneration of acromioclavicular joint.
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mioclavicular and glenohumeral joints were analyzed on AP
projection and axillary lateral views. Subacromial spurs were de-
tected as bony excrescence on supraspinatus outlet view.
Radiographic abnormalities were interpreted in random order
by two third-year radiology residents, who were unaware of im-
age details. After achieving determining inter-observer agree-

ment, these two observers arrived at final diagnoses by consensus.

Statistical Analysis

Statistical analysis was performed using the SPSS (IBM SPSS
statistics 18.0, IBM Corp., Armonk, NY, USA). Inter-observer
agreements for the detection of radiographic abnormalities were
calculated using Kappa statistics. Kappa values can be interpreted
as poor (k = 0-0.20), fair (k = 0.21-0.40), moderate (k = 0.41-
0.60), good (k = 0.61-0.80), and excellent (k = 0.81-1.00). The
chi-square and Fisher’s exact tests were used to determine rela-
tionships between rotator cuff tear types and radiographic abnor-
malities. Statistical significance was accepted for p values < 0.05.

RESULTS

Of the seven types of radiographic abnormalities diagnosed by
consensus, cortical thickening with subcortical sclerosis of great-
er tuberosity, subcortical cysts, and osteophytes were found to be
associated with the presence of a rotator cuff tear (p < 0.01).

In the 64 shoulders with a full-thickness tear, the two radiolo-
gists found greater tuberosity sclerosis in 54 shoulders, subcorti-
cal cysts in 20 shoulders, and osteophytes in 24 shoulders. In the
22 shoulders with an articular-sided partial thickness tear, they
found greater tuberosity sclerosis in 10 shoulders, subcortical
cysts in 3 shoulders, and osteophytes in 3 shoulders. In the 18
shoulders with a bursal-sided partial thickness tear, they found
greater tuberosity sclerosis in 5 shoulders, subcortical cysts in 1
shoulder, and osteophytes in 3 shoulders. In the control group
with 54 intact rotator cufs, they found greater tuberosity sclero-
sis in 2 shoulders, subcortical cysts in 0 shoulder, and osteo-
phytes in 1 shoulder.

Significant relationships were found between the above-men-
tioned radiographic abnormalities and specific types of rotator
cuff tears, although relations were stronger for full-thickness
tears than partial-thickness tears (p < 0.01). In particular, a sig-
nificant relationship was found between full-thickness cuff tears
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and humeral migration (p < 0.01); humeral migration was ob-
served in 13 of 64 shoulders with a full-thickness tear (Fig. 5),
none of 40 shoulders with a partial-thickness tear, and in 1 of 54
shoulders with an intact rotator cuff.

Subacromial spurs were seen in 32 of 64 shoulders with a full-
thickness tear, 10 of 18 shoulders with a bursal-sided partial tear,
3 of 22 shoulders with an articular-sided tear, and in 2 of 54
shoulders with an intact rotator cuff. Subacromial spur showed
a significant relationship with full-thickness tear (p < 0.01) and
bursal-side tear (p < 0.01) (Fig. 6). However, no significant rela-
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tion was found between subacromial spur and articular-sided
partial tear.

Acromioclavicular degeneration was observed in 3 of 104
shoulders with a cuft tear and in 4 of 54 shoulders with an intact
rotator cuff. Glenohumeral degeneration was observed in 11 of
104 shoulders with a cuff tear and in none of 54 shoulders with
an intact rotator cuff. No significant association was found be-
tween degeneration of the acromioclavicular or glenohumeral
joints and cuff tears (Table 1).

Inter-observer agreement was moderate to substantial (Kappa

Fig. 5. A 69-year-old men who was diagnosed as full-thickness tear by shoulder arthroscopy.
A. AP projection radiograph of the right shoulder shows decreased acromio-humeral interval.
B. Oblique coronal T2-weighted image of the right shoulder shows the full-thickness defect and the torn retracted edge of the

supraspinatus tendon.

A

Fig. 6. A 51-year-old men who was diagnosed as bursal sided partial-thickness tear by shoulder arthroscopy.
A. Supraspinatus outlet view of the right shoulder shows subacromial spur (arrow).
B. Oblique coronal T2-weighted image of the right shoulder shows irregular high signal intensity area along bursal surface of

supraspinatus tendon (arrow).
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Table 1. Radiographic Abnormalities in Each Type of Rotator Cuff Tears and Control Group

Full-Thickness Tear

Radiographic Abnormalities

Partial-Thickness Tear

Control Group

(n = 64) Articular-Sided Tear ~Bursal-Sided Tear (n = 54)
(n=22) (n=18)

Greater tuberosity

Cortical thickening with subcortical sclerosis (n = 71) 54 (76, 10 (14) 5(7) 2(3)

Subcortical cysts (n = 24) 20 (83 3(13) 1(4) 0(0)

Osteophytes (n = 31) 24 ( 3(10) 3(10) 1(3)
Humeral migration (n = 14) 1393 0(0) 0(0) 1(7)
Subacromial spurs (n = 47) 32 (68) 3(7) 10 (21) 2(4)
Degeneration of acromioclavicular joint (n = 7) 2 (29) 1(14) 0(0) 4(57)
Degeneration of glenohumeral joint (n = 11) 8(73) 2(18) 1(9) 0(0)

Note.—The values are given as the number of shoulders, with the percentage in parentheses.

Table 2. Inter-Observer Agreement for Radiographic Findings

Findings k Value
Cortical thickening with subcortical sclerosis of 0.52
greater tuberosity
Subcortical cysts of greater tuberosity 0.72
Osteophytes of greater tuberosity 0.46
Humeral migration 0.50
Subacromial spurs 0.65
Degeneration of acromioclavicular joint 0.45
Degeneration of glenohumeral joint 048

values ranged from 0.45 to 0.72) for the interpretation of radio-
graphic abnormalities (Table 2), good (k = 0.72) for the identifica-
tion of subcortical cysts of the greater tuberosity, moderate (k =
0.46-0.65) for cortical thickening with subcortical sclerosis of the
greater tuberosity, osteophytes of the greater tuberosity, humeral
migration, subacromial spurs, and degenerations of acromiocla-

vicular and glenohumeral joints.

DISCUSSION

Radiographic abnormalities including decreased acromio-
humeral distance, a hooked acromion, and degenerative changes
of the greater tuberosity and acromioclavicular joint are known
to meaningfully predict the presence of rotator cuff tear (1-4).

In the present study, greater tuberosity sclerosis, subcortical
cysts, and osteophytes were found to be strongly associated with
a cuft tear, and were more common for full-thickness tears than
partial-thickness tears. These abnormal findings of the greater
tuberosity indicate degeneration of greater tuberosity following
chronic impingement of the shoulder joint (4), and thus, these

results indicate that greater tuberosity degeneration is more re-
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lated with severe rotator cuft tears. Humeral migration was also
more related with a full-thickness tear, and subacromial spurs
were more common for full-thickness and bursal-sided tears than
articular-sided tears, which indicates extrinsic irritation of the
bursal-sided supraspinatus tendon by subacromial spurs leads
bursal-sided or full-thickness tears, because subacromial spurs
narrow the supraspinatus outlet. On the other hand, no associa-
tion was found between degeneration of the acromioclavicular
or of the glenohumeral joint and cuff tears, which was expected,
because earlier research showed that joint degeneration is more
related to age than rotator pathology (11).

Our results concur with those of previous studies. Pearsall et al.
(5) reported that shoulder radiographs of subjects with a docu-
mented rotator cuff tear showed radiographic abnormalities of
the greater tuberosity, such as, sclerosis, osteophytes, and sub-
chondral cysts. In this previously study, radiographic acromiocla-
vicular degeneration was not found to be associated with full-
thickness rotator cuff tear. Choi et al. (6) evaluated simple
shoulder radiographs of 234 chronic cuft tears and 284 controls
and focused on degenerations of the acromion and greater tu-
berosity. They reported that more degenerative changes of the
greater tuberosity in simple shoulder radiographs were associat-
ed with rotator cuff tears of greater degree and size. Saupe et al.
(7) evaluated the association between rotator cuff abnormalities
and acromiohumeral distance, and found that tendon tears and
fatty muscle degeneration of the rotator cuff correlated with re-
duced acromiohumeral distance. Lee et al. (8) studied examined
correlations between plain radiographic findings with degree
and extent of supraspinatus tear, and observed a significant rela-
tionship between a reduction in acromiohumeral distance and
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degree of supraspinatus tear.

On the other hand, the results of another study contradict
those of the present study. Huang et al. (9) evaluated 108 shoul-
ders by radiography and MRI, and found that cortical thicken-
ing and subcortical sclerosis were not seen more frequently in
shoulders with rotator cuff disease than in normal shoulders.
The authors claimed that the correlation between degeneration
of the greater tuberosity and rotator cuff tears reported by previ-
ous studies were caused by study bias because the shoulders
with radiographic abnormalities included were those of older
subjects. In the present study, the patient and control groups
were older than middle-aged; mean patient age was 62.1 years.
However, we found no significant relationship between acro-
mioclavicular or glenohumeral joint degeneration, which are
age-related changes, and cuft tears, which means degeneration
of the greater tuberosity is significantly related with rotator cuft
tear whereas degeneration of the acromioclavicular or glenohu-
meral joint are not.

Unlike previous studies, we divided rotator cuff tears into full-
thickness tears and partial-thickness tears, and then subdivided
partial-thickness tears into articular-sided and bursal-sided tears.
We considered this necessary to identify associative differences
between radiographic abnormalities and rotator cuff tear types.

However, the present study has several limitations. First, the
control group did not consist of asymptomatic age-matched
healthy volunteers, and some patients underwent shoulder ar-
throscopy because of various shoulder problems. Second, most
members of the control group (44/54) were confirmed to have
intact rotator cuffs using MR images alone. Third, retrospective
design of this study could have caused selection bias.

In conclusion, radiographic abnormalities of greater tuberosi-
ty degeneration, including greater tuberosity sclerosis, subcorti-
cal cysts, osteophytes, and humeral migration, were associated
with the presence of a rotator cuff tear, especially a full-thickness
tear, and subacromial spurs were associated with full-thickness

and bursal-sided tears.
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