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Abstract

Background: The association between tuberosity cysts and rotator cuff tears (RCTs) and the nature of the major
contributing factors to tuberosity cyst formation continue to be controversial. The purpose of our study was to evaluate
the strength of associations of RCT and various factors involved in the chronicity of RCT with tuberosity cysts, using
magnetic resonance imaging (MRI) and radiographs. Methods: We reviewed consecutive patients with various disease
entities between August 2004 and July 201 3. After excluding unsuitable patients, this study involved 1007 shoulders of 906
consecutive patients. Each tuberosity cyst was categorized as an anterior greater tuberosity (GT), posterior GT, lesser
tuberosity, and bare-area cyst. The odds ratios (ORs) and 95% confidence intervals (Cls) between the tuberosity cysts and
various factors were evaluated by logistic regression analyses; p-value was set below 0.05. Results: Anterior GT cysts and
posterior GT cysts on MRI or anterior GT cysts on radiographs were significantly associated with supraspinatus tendon
(SST) tears (p < 0.019) and infraspinatus tendon (IST) tears (p < 0.004). Among the shoulder pathologies, RCTs only
significantly associated with cyst formation (OR 4.23, 95% CI 3.17-5.65; p < 0.001). The retraction grade of Patte was
significantly associated with anterior GT cyst (OR 3.65, 95% Cl 2.42-5.48; p < 0.001). Conclusion: Detecting an anterior
GT cyst in a radiograph, even a low prevalence, in a patient with symptomatic shoulder indicates a need to consider RCT,
especially of the SST, IST, and a high possibility of a retracted tear.
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Introduction

Humeral tuberosity cysts are a common finding known to
be related to rotator cuff tear (RCT) or to aging, according
to the location of the cyst.'® However, normal shoulders
Iso h ts in the humeral tuberosities.>>’ Some stud-
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GT are common in asymptomatic shoulders.'® However,
most studies evaluating tuberosity cysts are magnetic reso-
nance imaging (MRI) studies. No study has suggested the
significance of cyst using the strengths of associations
between tuberosity cysts and RCT using the two different
imaging modalities of MRI and radiograph.

The etiology of these cysts has not yet been completely
determined. Microavulsive cuff tears may induce an
inflammatory reaction, resulting in synovial fluid entering
the cysts through small communicating pores on their
surfaces.' These tears may be secondary to contact
between the bone underlying the cuff tear and the cora-
coacromial arch. Alternatively, the developmental theory
proposes that, because the incidence of tuberosity cysts in
asymptomatic shoulders ranges from 15% to 45%, the
occurrence of these cysts is unrelated to aging or to the
underlying shoulder pathology.'®'° No study has evalu-
ated the risk factors contributing to the formation of tuber-
osity cysts, using various indexes involved in the
chronicity of RCT.

The hypothesis of this study was that tuberosity cyst
seen in radiograph can give some referral information to
expect RCT. The primary purpose of the current study was
to evaluate the strengths of associations of tuberosity cysts
with RCT, using the two different imaging modalities of
MRI and simple radiograph. The secondary purpose was
to evaluate the strength of associations between the tuber-
osity cysts and shoulder pathologies, including the chroni-
city of RCT.

Materials and methods

We reviewed consecutive 1305 shoulders belonging to
1181 patients between August 2004 and July 2013 on out-
patient clinic visitors who complained of shoulder prob-
lems including instability, limitation of motion,
weakness, and intolerable pain. Enrolled patients were ful-
filled with the series of radiograph and MRI of the
shoulder, recorded medical history, and records of physical
examination of the shoulder. For each shoulder, the MR
images and radiographs were taken within 1 week from
each other. Of those, 298 shoulder MR images were
excluded for the following reasons: There was no accom-
panying full set of simple shoulder radiographs (123
shoulders); there was a history of prior shoulder surgery
(68 shoulders) or previous trauma (37 shoulders), or there
was a bony abnormality due to previous infection (15
shoulders), severe degenerative arthropathy (11 shoulders),
malignant lesion (13 shoulders), or fracture (31 shoulders).
This study evaluated the MR images and radiographs of the
remaining 1007 symptomatic shoulders belonging to 906
consecutive patients with various disease entities. The
overall mean age of the patients was 53.4 + 11.3 years.
The mean age of the 582 male patients (57.8%) was 53.2 +
11.2 years; the mean age of the 425 female patients (42.2%)
was 53.6 + 11.4 years. This study was approved by the

Institutional Review Board of the current authors’ hospital
(GNUH 2013-06-001).

Each full set of simple shoulder radiographs included
true anteroposterior view, supraspinatus outlet view, and
shoulder axillary lateral view. The following MR images
were taken for all patients: T1-weighted images (repetition
time [TR]/echo time [TE] = 510/11 ms) and T2-weighted
images (TR/TE = 3000/48 ms), both including axial,
oblique coronal, and oblique sagittal views obtained at
3-mm-thick section (1.5-T MR imager, Avanto; Siemens,
Erlangen, Germany). Cystic change on MR images was
defined as a round or an oval lesion in tuberosities or in
the bare area of the humerus, with a diameter of more than
2 mm, a low signal intensity on T1-weighted images, and a
high signal intensity on T2-weighted images.> When such a
round or an oval lesion was observed in at least two differ-
ent angles of image, we accepted it as a cystic lesion. The
cyst-like lesions that were connected to tubular structures
on sequential images were recognized as vascular channels
and, as such, were excluded from our study.'! Cystic
change on simple radiographs was defined as a round or
an oval, discrete, radiolucent lesion with a well-defined
margin larger than 3 mm and located in the subcortical or
cortical area of the tuberosities and the bare area of the
humerus (Figure 1). The tuberosity cysts were divided into
three groups: GT, LT, and bare-area cysts.® The GT cysts
were further divided into anterior and posterior tuberosity
cysts, according to their locations relative to the midline of
the GT. In MR images, the cyst location was defined using
axial, oblique coronal, and oblique sagittal T1- and
T2-weighted images. In simple radiographs, locations of
the cysts were determined using the sclerotic borders of
tuberosities in true anteroposterior views, axillary lateral
views, and supraspinatus outlet view. The presence and
location of each cyst were determined by an orthopedic
surgeon (JYG), and the integrity of RCT was evaluated
by a musculoskeletal radiologist with 20 years of experi-
ence independently. Two examiners carried out the mea-
surements independently three times, with 2-week intervals
between the sessions. The k statistic was used to analyze
intraobserver and interobserver agreement of cysts.'* Diag-
nosis of both partial- and full-thickness RCTs was deter-
mined using MRI findings. To differentiate SST and
infraspinatus tendon (IST) on GT on MR images, we used
an imaginary line drawn from the anterior margin of the
infraspinatus muscle which links to the conjoined tendon
on the GT in sequential sagittal images. This radiologist
also diagnosed and evaluated various shoulder pathologies,
including injuries of the labrum or of the biceps tendon,
arthritides of the glenohumeral joint or of the acromiocla-
vicular joint, and calcific tendinitis.

We calculated the odds ratios (ORs) and 95% confi-
dence intervals (Cls) to evaluate the strengths of associa-
tions between the presence of tuberosity cysts and various
shoulder pathologies, including RCT. We also evaluated
the strengths of associations between these cysts and
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Figure . (a) A cystin the anterior greater tuberosity was observed in the MR oblique coronal and sagittal and axial T2 images. (b) In a
simple radiograph of shoulder true AP and axillary lateral views, the same cyst was observed in the anterior greater tuberosity (as
indicated by white arrows). (c) Each location of cysts, anterior and posterior greater tuberosity, lesser tuberosity, and bare-area cyst
were detected by axial T2 image. MR: magnetic resonance; AP: anteroposterior.

various factors involved in the chronicity of RCT, includ-
ing the fatty infiltration index, muscle atrophy indexes, the
degree of tendon retraction, and tear length and width. A
biostatistician, who did not participate in the image inter-
pretation, performed the statistical analyses, using forward
stepwise logistic regression analysis. First, we performed
univariate logistic regression analyses for all variables;
then, we performed a multivariable logistic regression anal-
ysis, using only the significant variables that had resulted
from the univariate analyses. Multivariable logistic regres-
sion analysis was performed after the assessment of multi-
collinearity, using factors with a variance inflation factor
(VIF) and a condition index. We considered both VIF and a
condition index of less than 10 among the variables indi-
cating the absence of multicollinearity.'* Hosmer—Leme-
show test was used to determine the goodness of fit for the
multivariable logistic regression model. The significance of
the logistic analyses was set at p < 0.05, and the signifi-
cance of the Hosmer-Lemeshow test was set at p > 0.05.
Statistical analysis was processed using SPSS 20.0 for Win-
dows (IBM Corp., Armonk, NY, USA).

Results

Tuberosity cysts were detected by MRI in 71.0% of our
patient group and by radiograph in 4.2%. Of the tuberosity
cysts detected by MRI, the highest prevalence was of bare-
area cysts, followed by anterior GT cysts, LT cysts, and
posterior GT cysts. Of the tuberosity cysts detected by
radiograph, the highest prevalence was of anterior GT
cysts, followed by LT cysts, posterior GT cysts, and bare-
area cysts. Prevalence of tuberosity cysts by location are
summarized in Table 1.

Intraobserver agreement for the detection of the loca-
tions of cysts was fair to good (x values: 0.53—0.75), and
interobserver agreement for the detection of the locations
of cysts was fair to good (k values: 0.58-0.65; Table 2).

Gender and affected side were not statistically signifi-
cantly associated, on either MRI (p > 0.243) or on radio-
graphs (p > 0.127), with the cyst prevalence at any of the
four different locations (Table 1). Our evaluation indicated
a high strength of associations between age and the overall
prevalence of RCT (OR 1.78; 95% CI 1.27-2.32; p <
0.001). We also found significant associations between age
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Table |. Prevalence of tuberosity cysts by location; strengths of associations between cyst locations and sex and between cyst

locations and the affected side.

Sex Affected side Age®
Location
Image of the cyst Prevalence OR (95% CI)  p-Value OR (95% CI)  p-Value OR (95% Cl)  p-Value
MRI Anterior GT  17.08% (172/1007) 0.99 (0.71-1.38) 0.943 1.02 (0.73-1.42) 0.899 1.01 (0.99-1.03) 0.203
Posterior GT  11.02% (111/1007) 0.79 (0.52—-1.18) 0.243  1.02 (0.68—-1.51) 0.939 1.02 (1.00-1.04)  0.056
LT 14.30% (144/1007) 1.23 (0.87-1.76) 0.246 0.89 (0.62—1.28) 0.525 1.05 (1.03-1.07) <0.001
Bare area 58.99% (594/1007) 1.16 (0.90-1.50) 0.249 0.94 (0.73-1.22) 0.648 1.02 (1.00-1.03) 0.013
Radiograph Anterior GT ~ 2.28% (23/1007)  0.45 (0.16—1.25) 0.127 1.13 (0.47-2.76) 0.784 1.04 (0.99-1.09)  0.102
Posterior GT ~ 0.89% (9/1007) 0.82 (0.20-3.47) 0.791 0.46 (0.09-2.28) 0.340 1.08 (0.99-1.17)  0.056
LT 1.69% (17/1007)  1.03 (0.36-3.00) 0.954 1.04 (0.36-3.01) 0.948 1.04 (0.98-1.10)  0.230
Bare area 0.70% (7/1007) 0.69 (0.13-3.76) 0.664 1.38 (0.28-6.89) 0.692 0.99 (0.92-1.09)  0.955

OR: odds ratio; Cl: confidence interval; MRI: magnetic resonance imaging; GT: greater tuberosity; LT: lesser tuberosity.

?Adjustment was made using rotator cuff tear factor.

Table 2. Intraobserver and interobserver reliability in the detection of cysts.”

Overall cyst Anterior GT cyst Posterior GT cyst LT cyst Bare-area cyst

K values for intraobserver reliability
Examiner | 0.70 + 0.16 0.67 + 0.06 0.72 + 0.27 0.68 + 0.11 0.66 + 0.08
Examiner 2 0.69 + 0.03 0.63 + 0.07 0.53 + 0.06 0.62 + 0.04 0.75 + 0.08

K values for interobserver reliability
Interobserver 0.68 + 0.08 0.61 + 0.11 0.65 + 0.10 0.63 + 0.12 0.58 + 0.08

GT: greater tuberosity; LT: lesser tuberosity.
?A value of 0.40 or less was interpreted as poor; 0.41-0.59, fair; 0.60-0.74,

and each RCTs: SST (OR 2.23, 95% CI 1.21-3.47); IST
(OR 191, 95% CI 1.13-2.81); and SBT (OR 1.07, 95% CI
1.04-1.11; p < 0.018). Age was significantly associated
with four different locations of cyst on MRI and anterior
and posterior GT cysts on radiograph (p < 0.025). We
performed a multivariable analysis to adjust for a con-
founding factor, RCT, in relation to the age factor. In those
adjusted multivariable analyses, LT cysts (p < 0.001) and
bare-area cysts (p = 0.013) were significantly associated
with age on MRI, whereas none of the tuberosity cysts at
the four different locations were significantly associated
with age on radiographs (p > 0.056; Table 1).

Logistic regression for the association between RCT
and cyst location showed significant results of anterior
GT, posterior GT, and LT cyst on MR and anterior GT
cyst on radiograph with SST (p < 0.007); of anterior and
posterior GT cyst on MRI and anterior GT cyst on radio-
graph with IST (p < 0.001); and of none of the cyst on MR
and radiograph with SBT (p > 0.151). We performed mul-
tivariable logistic regression analyses, which included age
as a confounding factor, to evaluate the direct association
between anterior and posterior GT cysts and posterosuper-
ior cuff tear. After adjustment, SST showed a significant
association with anterior and posterior GT cysts on MRI
and anterior GT cyst on radiograph (p < 0.019). IST
showed a significant association with anterior and poster-
ior GT cysts on MRI and anterior GT cyst on radiograph

good; and 0.75 or greater, excellent.

(» £ 0.004). None of the cysts on MRI or radiographs at
any of the four locations were significantly associated with
SBT. Strengths of associations between RCT and cyst
locations as detected in MRI or radiograph are summarized
in Table 3.

Of the studied shoulder pathologies, which were labral
injury, acromioclavicular joint arthritis, biceps tendon
injury, subacromial osteophyte, osteoarthritis of the gleno-
humeral joint, calcific tendinitis, and RCT, RCT showed
the highest prevalence of cyst formation (82.8%). In uni-
variate logistic regression analyses, only RCT (OR 4.23,
95% CI 3.17-5.65) showed a significant association with
tuberosity cyst (p < 0.001; Table 4).

The results for the evaluation of the strength of associ-
ation between the anterior GT cysts on MR and various
factors involving the chronicity of RCT were as follows.
Patte grade, tear length, tear width, global fatty degenera-
tion index, and occupational ratio’s grade were signifi-
cantly associated with anterior GT cysts in a univariate
analysis (p < 0.017). However, only Patte grade (OR
3.65, 95% CI 2.42-5.48) was significantly associated with
anterior GT cyst in a multivariable analysis (p < 0.001).
This last result indicates that the more retracted the tears,
the higher the association strength with anterior GT cysts.
Strengths of associations between the factors for RCT
chronicity and anterior GT cyst formation are summarized
in Table 5.
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Table 3. Strengths of associations between rotator cuff tendon tear and cyst location as detected in MRI or radiograph.

Without adjustment

With adjustment®

Torn tendon Location of the cyst Odds ratio (95% ClI) p-Value Odds ratio (95% CI) p-Value
Supraspinatus tendon Anterior GT 5.28 (3.45-8.09) <0.001 5.03 (3.20-7.89) <0.001
Posterior GT 2.80 (1.78—4.40) <0.001 2.46 (1.52-3.97) <0.001
LT 1.69 (1.17-2.45) 0.005 1.14 (0.77-1.68) 0.526
Bare area 1.28 (0.99-1.65) 0.053 I.13 (0.86—1.48) 0.393
Anterior GT 15.92 (2.12-119.40) 0.007 11.43 (1.50-87.34) 0.019
Posterior GT 2.45 (0.49-12.19) 0.274 1.41 (0.26-7.59) 0.692
LT 2.05 (0.64-6.57) 0.229 1.44 (0.44-4.75) 0.551
Bare area 1324689371.14 (0.00-c0)  0.999 1363933906.71 (0.00-c0)  0.999
Infraspinatus tendon Anterior GT 2.12 (1.44--3.11) <0.001 1.79 (1.20-2.68) 0.004
Posterior GT 3.08 (2.00-4.74) <0.001 2.70 (1.72—4.25) <0.001
LT 1.54 (1.00-2.36) 0.050 .11 (0.71-1.73) 0.653
Bare area 0.94 (0.68-1.31) 0.728 0.84 (0.59-1.18) 0.312
Anterior GT 9.60 (3.77-24.43) <0.001 7.71 (2.93-20.31) <0.001
Posterior GT 1.61 (0.32-8.07) 0.560 0.90 (0.17—4.83) 0.906
LT 1.95 (0.61-6.29) 0.264 1.55 (0.47-5.16) 0.472
Bare area 0.96 (0.11-8.30) 0.973 0.79 (0.09-7.25) 0.838
Subscapular tendon Anterior GT 0.97 (0.65-1.44) 0.877 0.80 (0.53-1.21) 0.291
Posterior GT 1.38 (0.89-2.16) 0.151 1.17 (0.74-1.85) 0.509
LT 1.28 (0.85-1.92) 0.234 0.96 (0.63—1.46) 0.857
Bare area 1.08 (0.80-1.46) 0.635 0.98 (0.72—1.34) 0.888
Anterior GT 1.88 (0.74-4.76) 1.185 1.41 (0.54-3.65) 0.481
Posterior GT 1.15 (0.23-5.72) 0.867 0.71 (0.14-3.72) 0.687
LT 1.38 (0.43—4.45) 0.588 I.11 (0.34-3.64) 0.863
Bare area 1.72 (0.31-9.48) 0.531 1.52 (0.26-8.77) 0.642
MRI: magnetic resonance imaging; Cl: confidence interval; GT: greater tuberosity; LT: lesser tuberosity.
?Adjustment was performed using the age factor.
Table 4. Strengths of associations between the cyst formation and various shoulder pathologies as found in MRI.
Shoulder pathology Prevalence of the cyst Odds ratio (95% Cl) p-Value
Labral injury 73.8% (158/214) 1.14 (0.81-1.60) 0.456
Acromioclavicular joint arthrosis 72.1% (137/190) 1.02 (0.72—1.45) 0917
Biceps tendon injury 76.2% (157/206) 1.33 (0.93-1.90) 0.122
Subacromial osteophyte 67.4% (182/270) 0.75 (0.55-1.01) 0.061
Osteoarthritis of glenohumeral joint 76.3% (148/194) 1.33 (0.93-1.92) 0.123
Calcific tendinitis 74.7% (171/229) 1.21 (0.86—1.69) 0.272
Rotator cuff tear 82.8% (524/633) 4.23 (3.17-5.65) <0.001
MRI: magnetic resonance imaging; Cl: confidence interval.
Table 5. Strengths of associations between factors for rotator cuff tear chronicity and anterior GT cyst formation.?
Univariate analysis Multivariable analysis
Chronicity factors Odds ratio (95% ClI) p-Value Odds ratio (95% ClI) p-Value
Cyst Patte grade 1.62 (1.43—1.84) <0.001 3.65 (2.42-5.48) <0.001
Tear length 1.03 (1.02—-1.04) <0.001 0.94 (0.91-0.97) <0.001
Tear width 1.05 (1.03-1.07) <0.001 1.00 (0.97-1.04) 0.906
Global fatty degeneration index 1.60 (1.12-2.27) 0.009 1.01 (0.62—1.66) 0.971
Occupation ratio’s grade 1.48 (1.07-2.05) 0.017 0.70 (0.43-1.16) 0.164
Goutallier’s grade 1.25 (0.97-1.61) 0.081 Excluded
Tangent sign 1.26 (0.85-1.87) 0.248 Excluded

GT: greater tuberosity; Cl: confidence interval.

*The p-value of the Hosmer—Lemeshow test was 0.139. The variance inflation factor and the condition index were 7.51 and 6.85, respectively.



Journal of Orthopaedic Surgery 27(1)

Discussion

The primary questions related to tuberosity cysts pertain to
their associations with age and RCT and to their etiology.
This study demonstrated that bare-area and LT cysts are
significantly associated with age, and anterior GT cysts are
significantly associated with SST or IST in symptomatic
patients. Anterior GT cyst is significantly associated with
the retraction degree of torn supraspinatus tendon.

In the current study, the incidence of tuberosity cysts
was the highest in the bare area, followed by the anterior
GT area. Most studies reported that cysts of the posterior
GT are more common than those of the anterior aspect of
GT.>*° The one exception, a study by Suluova et al.,'*
reported that anterior GT cysts are the most common cysts.
The current study’s results are similar to those of previous
studies. Sano et al.® reported that the bare area was the most
common of the four different tuberosity cyst locations, with
which our findings agree. Williams et al.” and Fritz et al >
reported a higher incidence of posterior GT cysts than of
anterior GT cysts. However, those two studies did not dif-
ferentiate the posterior aspect GT cysts into posterior GT
cysts and bare-area cysts.

This study demonstrated that the cysts detected on MRI
in the four different locations were significantly associated
with age in symptomatic patients. However, the anterior and
posterior GT cysts were not associated with age after adjust-
ment for the RCT factor; therefore, those cysts were secon-
darily associated with age through the RCT, the frequency
of which increases with age. Sano et al.® reported, similarly
to the current study, that the incidence of bare-area cysts
increased with age more significantly than the incidence of
cysts at other locations. RCT was significantly more com-
mon in the aged patients in this study and in the epidemio-
logical studies.'>'” Therefore, RCTs were directly
associated with anterior and posterior GT cysts. This infer-
ence is supported by the finding that age was not signifi-
cantly associated with GT cysts after adjustment for the
RCT factor. Several studies have reported that tuberosity
cysts are not related to age. However, those studies did not
evaluate the posterior aspects of cysts to differentiate pos-
terior GT cysts from bare-area cysts. Therefore, the authors
of the current study believe that the difference between the
current study and those studies arises from the different
classifications of the posterior aspects of GT cysts.

The most topical issue related to tuberosity cysts is their
association with RCT. The current study demonstrated that
anterior and posterior GT cysts on MRI and anterior GT
cysts on radiographs have significant associations with SST
and IST. Anterior GT cysts are significantly associated
with SST and IST. The ORs of anterior GT cysts on radio-
graph for SST and for IST were 11.43 and 7.71, indicating
the very high strength of associations, as compared to the
known risk factors of other diseases.'®2° These results are
similar to the findings of previous studies,>®'* with one
exception.” Williams et al.® reported no significant

Table 6. Diagnostic accuracy of anterior GT cyst for the
detection of supraspinatus tendon tear.

Diagnostic accuracy Radiograph (%) MRI (%)
Sensitivity 34 259
Specificity 99.8 93.8
Positive predictive value 95.0 83.7
Negative predictive value 45.5 50.5
Accuracy 46.7 56.2
Likelihood ratio 15.4 4.2
Posttest probability 82.9 36.0

GT: greater tuberosity; MRI: magnetic resonance imaging.

association between tuberosity cysts and RCT. That study
clearly stated that posterior GT cysts were not related to
RCT, but it did not exclude the possibility of a relationship
between anterior GT cysts and RCT. That possibility,
which did not reach statistical significance, interests us.
We attribute the differences between the findings of the
study by Williams et al.” and of the current study to differ-
ences in the classification of cyst locations and in the meth-
ods of statistical analysis. We found that anterior GT cysts
on radiographs are a very useful sign to suspect SST or IST
with patients who have shoulder pain. In actual clinical
practice, our findings are more useful to a physician study-
ing a radiograph than to a physician studying an MRI,
although the ORs of anterior GT cysts are high with both
tools. The diagnostic values of anterior GT cysts on radio-
graph are summarized in Table 6. Because of their high
positive predictive value (95.0%), likelihood ratio (15.4),
and posttest probability (82.9%), GT cysts on plane radio-
graph, in combination with shoulder pain, are a diagnostic
finding that rules in RCT.?'

The current study could not demonstrate a significant
association between LT cysts and SBT. Prior studies have
reported different degrees of relationship between the
two.52272* Regardless of the findings reported by the prior
studies, those studies differed in statistical design from the
current study. Two prior studies compared the frequency
of LT cysts in SBT groups and in normal SBT groups,
using x> tests.* In one of those studies, Sano et al.®
reported that LT cysts were all related to massive RCT
and, therefore, closely related to SBT. By contrast, in the
other of those two studies, Williams et al.” reported no
significant relationship between LT cysts and SBT. Stu-
dler et al.** analyzed the diagnostic accuracy of using LT
cysts on MRI to detect SBT; that study reported that LT
cysts on MRI are relatively specific for SBT. Wissman
et al.> reported the fine distinction that SBTs were sig-
nificantly more common in the group having cysts within
the LT than in the group having cysts adjacent to the LT.
However, none of these earlier studies evaluated the direct
association between LT cysts and SBT. We believe that
these differences arise from differences in study designs
and applications of statistics.
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Figure 2. ROC curves for both Patte grade and tear length were
made to evaluate their accuracy in predicting the presence of
anterior GT cysts. The area under the ROC curve for Patte grade
was larger than that for tear length, indicating a greater accuracy
for Patte grade. ROC: receiver operating characteristic;

GT: greater tuberosity.

The current study suggested that the grade of tendon
retraction was significantly associated with anterior GT
cyst. Of the several factors related to RCT chronicity on
which we performed multivariable analysis, only Patte
grade was significantly associated with the anterior GT
cyst. Although tear length is a variable similar to Patte
grade, it was not significantly associated with the anterior
GT cyst in that analysis. Even though there was no multi-
collinearity between Patte grade and tear length (VIF =
5.86 and condition index = 2.79), the high correlation
between those two factors (p = 0.952) did not allow us
to rule out the possibility of a modified effect of the inter-
action between the two.?® Receiver operating characteristic
curves used to evaluate their accuracy in predicting the
presence of anterior GT cysts showed an area under the
curve of 0.70 for Patte grade and of 0.68 for tear length,
indicating greater accuracy for Patte grade than for tear
length (Figure 2). The difference in these similar areas
arose from the characteristics of the two variables; one
involved ordinal values and the other involved continuous
values. Therefore, we concluded that the retraction grade of
a torn supraspinatus tendon is a significant factor for ante-
rior GT cyst formation.

The first limitation of this study is that we did not use
MR arthrography. Therefore, we could not determine
whether the cysts communicate with joint space. The sec-
ond limitation is that our study is a cross-sectional study,
not a longitudinal study. Our data showed the association
between tuberosity cyst and RCT. We could not explain
whether tuberosity cyst is the cause or result of the RCT.
The last limitation is that we did not include cyst of an
asymptomatic shoulder. To find the association between
the cyst and the RCT, we created a control group of patients
with diagnoses other than RCT within our cohort.

Detecting an anterior GT cyst in a radiograph, even a low
prevalence, in a patient with symptomatic shoulder indicates
a need to consider RCT, especially of the SST, IST, and
a high possibility of a retracted tear.
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