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Background: The present study was undertaken to evaluate the relationship between location of the rotator cuff tear and shape of the
subacromial spur.
Methods: Totally, 80 consecutive patients who underwent arthroscopic repair for partial thickness rotator cuff tear were enrolled for the
study. Bigliani’s type of the acromion, type of subacromial spur, and location of partial thickness tear of the rotator cuff were evaluated
using plain X-ray and magnetic resonance imaging. We then compared the groups of no spur with spur, and heel with traction spur.
Results: Of the 80 cases, 25 cases comprised the no spur group, and 55 cases comprised the spur group. There was a significant difference in type of tear (p=0.0004) between these two groups. Bursal side tears were significantly greater (odds ratio=6.000, p=0.0007) in
the spur group. Subjects belonging to the spur group were further divided into heel (38 cases) and traction spur (17 cases). Comparing
these two groups revealed significant differences only in the type of tear (p=0.0001). Furthermore, the heel spur had significantly greater
bursal side tear (odds ratio=29.521, p=0.0005) as compared to traction spur.
Conclusions: The heel spur is more associated to bursal side tear than the traction spur, whereas the traction spur associates greater to
the articular side tear.
(Clin Shoulder Elbow 2019;22(3):139-145)
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Introduction
Various studies have reported the relationship between rotator
cuff tear and subacromial spur.1-4) Neer5,6) described the need for
acromioplasty by stating that impingement of the rotator cuff with
subacromial spur results in rotator cuff tear. However, since Codman7) stated that rotator cuff tear is the consequence of internal
or degenerative changes, there have been several studies showing
rotator cuff tear with altered rotator cuff degeneration in elderly
patients.8,9) The controversy over whether it is caused by collision
with bony spurs or by internal degenerative factors still continues.
Several studies suggest a correlation between the morphology of
the subacromial spur and the rotator cuff tear.3,10-12) Although still

controversial whether the subacromial spur is the direct cause of
rotator cuff tear according to the morphology, the direct relationship between the shape of the subacromial spur and the rotator
cuff tear has raely been reported.
The authors hypothesize that site of the rotator cuff tear
would differ in accordance with shape of the subacromial spur.
Thus, the authors aimed to evaluate the relationship between location of the rotator cuff tear and shape of the subacromial spur.

Methods
Patient Selection
This was a longitudinal cross-sectional study approved by the
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Institutional Review Board at the Gil Medical Center, Gachon
University (No. GBIRB2014-329). Between March 2012 and
July 2014, 95 consecutive patients who underwent arthroscopic
repair for partial thickness rotator cuff tears, operated by a
single senior surgeon, were selected for the study. All patients
had undergone totally 6 months conservative treatments. The
preoperative magnetic resonance imaging (MRI) was examined
for all cases, and arthroscopic evaluation confirmed the size of
partial thickness rotator cuff tears. Cases selected for the final
study included only those subjects with partial thickness rotator
cuff tears of 40% to 70% on the bursal or articular side, based
on the size of the footprint of the supraspinatus. Cases less than
40% partial thickness tear on MRI with no subsequent surgery
were excluded from the study. Additionally, nearly full thickness
tears of 70% or more were excluded, since it was difficult to
clearly distinguish partial tear of only bursal or articular region.
Since the intratendinous tear or severe tendinopathy on MRI is
also difficult to perceive, it is theoretically necessary to perform
a ballooning test with saline injection into the tendon to identify
the definite intratendinous tear. Hence, subjects with intratendinous partial tears were also excluded, due to the vagueness
of diagnosis itself. Lastly, definite traumatic rotator cuff tear and
rotator cuff tear with severe osteoarthritis were also excluded.
Sample sizes were calculated to detect a significant difference.
Prior to this study, the authors conducted a pilot study with 20
cases. Spur was found in 13 cases. Among them, 8 cases were
heel spur. The effect size was thus calculated as 0.33. Accordingly, the sample size was determined to be 73, and a total of 80
cases were finally confirmed by adding extra cases, considering
the two-sided confidence of 95% (type I error) and the power
of 80%. Thus, the entire study group consisted only of bursal or
articular side partial thickness tears, and 80 cases were finally enrolled for this study. Of the total 80 cases, 41 cases (51.3%) were
male. The mean age was 58.0 ± 8.0 years; among total cases,

Table 1. Preoperative Demographic Data of Patients (n=80)
Variable

Patient

Sex (male)

41 (51.3)

Age (yr)

58.0 ± 8.0

Dominant hand

51 (63.8)

Right side
Type of tear (articular side/bursal side)*

43 (53.8)
26 (32.5)/54 (67.5)

Type of spur (no spur/heel spur/traction spur)† 25 (31.3)/38 (47.5)/17 (21.2)
Bigliani classification (I/II/III)‡

6 (7.5)/55 (68.8)/19 (23.7)

Values are presented as number (%) or mean ± standard deviation.
*Type of tear was classified as articular or bursal side. †Type of spur was classified as no spur, heel spur, and traction spur. ‡Three distinct morphological
shapes were sorted according to the Bigliani’s classification; type I (flat), type
II (curved), and type III (hooked).13)
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51 cases (63.8%) were dominant hands, and 43 cases (53.8%)
were right shoulders (Table 1).13)

Radiologic Evaluation
The Bigliani’s type of the acromion was diagnosed by plain Xray. According to the Bigliani’s classification, the type of acromion are classified as flat (type I), curved (type II), and hooked (type
III) on the supraspinatus outlet view of shoulder radiographs.13)
We observed 6 cases (7.5%) type I, 55 cases (68.8%) type II, and
19 cases (23.7%) type III (Table 1).13)
All patients underwent preoperative MRI scans, performed
using a 3.0-tesla scans (Skyra; Siemens Medical, Berlin, Germany). Oblique coronal, oblique sagittal, and axial T2-weighted
fat-saturated images were acquired for assessment of the rotator
cuff tendons. Slice thicknesses on the oblique coronal, oblique
sagittal, and axial views were 3 mm, 4 mm, and 3 mm, respectively. The interslice gap on the coronal, sagittal, and axial views
was 20%, 40%, and 10%, respectively. There were no cases of
enhanced MRI.14)
The subacromial spur was evaluated on plain shoulder X-rays
and shoulder MRIs, and classified as heel and traction spur. Heel
spur is defined as a heel-like irregular bony protrusion located
below the anterolateral side of the acromion. True anteroposterior view and supraspinatus outlet view of plain X-ray, and
oblique coronal and sagittal image of MRI revealed thickened
bony structures with irregular shapes, which were subsequently
confirmed by arthroscopic findings (Fig. 1). Traction spur is defined as an anterior protruding bony structure running along the
coracoacromial ligament from the anterolateral corner of the acromion. The short and sharp bony protrusions were confirmed
on the true anteroposterior view of plain X-ray and oblique
coronal image of MRI. Furthermore, bird-beak like protruding
bony structures along the coracoacromial ligament from beneath
the acromion were identified on supraspinatus outlet view of
plain X-ray and sagittal image of MRI. The final diagnosis was
made in arthroscopic findings (Fig. 2). In some cases, it was difficult to accurately classify the shape of the spur by X-ray; hence,
final classification was done by considering all findings from Xray, MRI, and arthroscopy. Bony sclerotic changes and minimal
bony irregularity on the X-ray and MRI, with no indication of any
prominent bony project, were considered to have no subacromial spur. In the current study enrolling 80 cases of acromion,
subacromial spur was observed in 55 cases (68.7%), of which
heel spur and traction spur accounted for 38 cases (47.5%) and
17 cases (21.2%), respectively (Table 1).13)
The location and the size of the rotator cuff tear were classified as articular and bursal side tear by oblique coronal MRIs.
These findings were subsequently confirmed by arthroscopic
examination. In this study, we confirmed 26 cases (32.5%) having articular side tear, and 54 cases (67.5%) with bursal side tear
(Table 1).13)
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Statistical Analysis
For comparing the no spur and spur groups, age was analyzed with student’s t-test, and sex, dominant hand, right or left
side, type of tear, and Bigliani’s type of acromion were analyzed
using chi-squared test. However, in several variables, more than
20% of the expected counts of each cell on the contingency
table were less than 5. For those cases, we applied the Fisher’s
exact test. In cases that the data table was larger than 2×2, the
Freeman-Halton extension of the Fisher’s exact test was used,
instead of the traditional Fisher’s exact test.15) Univariate binary
logistic regression analysis was used to analyze the effect of spur
on the bursal side rotator cuff tears. Multivariable logistic regression analysis evaluated the effect of spur on the bursal side rotator cuff tears, according to the all independent variables, using

C

Fig. 1. Plain X-ray, magnetic resonance images, and arthroscopic image of heel spur.
True anterior-posterior view (A), supraspinatus outlet view (B), oblique coronal view (C),
oblique sagittal view (D), and arthroscopic
view (E) (white arrows).

C

Fig. 2. Plain X-ray, magnetic resonance
images, and arthroscopic image of traction
spur. True anterior-posterior view (A), supraspinatus outlet view (B), oblique coronal
view (C), oblique sagittal view (D), and arthroscopic view (E) (white or black arrows).

the backward elimination procedure. The condition for the
inclusion of variables was 0.05.14)
For comparing the heel spur and traction spur groups, age
was analyzed with Mann–Whitney U-test as a non-parametric
test (since size of samples was only 17), whereas sex, dominant
hand, right or left side, type of tear, and Bigliani’s type of acromion were analyzed by the chi-squared test. Fisher’s exact test
and the Freeman-Halton extension of the Fisher’s exact test
were similarly adopted to the variables, as above. Analysis of
covariance (ANCOVA) is the most appropriate method if random sampling is not performed, and data with unclear causality
is taken into consideration for various covariances that may affect the outcome. In this study, however, logistic regression was
performed since data were identified as non-normal and nonwww.cisejournal.org
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equivalent data. Univariate logistic regression analysis was used
to analyze the effect of heel spur on the bursal side rotator cuff
tears. Multivariable logistic regression analysis was used to evaluate the effect of heel spur on the bursal side rotator cuff tears,
similar to the procedure described above.
All radiologic and arthroscopic assessments were performed
by two board-certified orthopedic surgeons having more than 5
years’ experience. In case of differing interobserver categorization, the final decision was made by a senior orthopedic surgeon
who did not participate in the measurements. Cohen’s kappa
was calculated as a measure of agreement. According to Landis
and Koch,16) the following ratings for the interpretation of kappa
were used: poor (0.20), fair (0.21–0.40), moderate (0.41–0.60),
good (0.61–0.80), and excellent (0.81–1.00). However, a kappa
value less than 0.5 was usually estimated as lower reliability. In
this study, the intra-observer and inter-observer coefficients were
0.86 (CI, 0.82–0.91) and 0.75 (CI, 0.69–0.80), respectively. All
statistical tests are 2-tailed, and p<0.05 is considered statistically
significant. The SAS software package (ver. 9.4 TS Level 1M3;
SAS Institute, Cary, NC, USA) was used as a statistical analyzer.

was obtained only in the tear variable; i.e., only tear and spur
variables showed strong correlation.
The spur group was further divided into cases with heel spur
(38 cases) and traction spur (17 cases). Comparisons between
the two sub-groups showed significant differences only in type
of tear (p=0.0001). In the heel spur group, the number of cases
with bursal side tear was significantly higher than the articular
side tear, whereas articular side tear was more frequent in the
traction spur group (Table 4).13) Univariate and multivariable
logistic regression were subsequently used to identify factors affecting bursal side tear in the two groups. Similar to the previous
data, only type of spur was affected by both analyses. The odds
ratio of heel spur to bursal side tear was significantly 29.521 (95%
confidence interval, 4.450–195.851; p=0.0005), when compared to traction spur (Table 5).

Discussion
This study was undertaken to determine the relationship
between shape of the subacromial spur and partial thickness
tear of rotator cuff, and to analyze the relationship between the

Results
Of the 80 cases considered in the final analysis, 25 cases
were identified as the no spur group, and 55 cases as spur
group. Significant differences were observed in the comparison
of dominant hand (p=0.0482) and type of tear (p=0.0004).
When considering type of tear, the no spur group had a greater
number of articular side tears, whereas the spur group had more
bursal side tears. Bigliani’s classification did not differ according
to spur type (Table 2).13) Univariate and multivariable logistic
regression were used to identify factors affecting the bursal side
tear. In both analyses, the presence or absence of spur was the
only significant factor, and the odds ratio for the effect of spur to
bursal side tear as compared to no spur was significantly 6.000
(95% confidence interval, 2.126–16.936; p=0.0007) (Table
3). Thus, univariate and multivariable logistic regression were
performed with dependent variables. Likewise, significant result

Table 3. Significant Factors for Bursal Side Rotator Cuff Tears by Univariate
and Multivariate Logistic Regression Analysis between No Spur and Spur
Groups*
p-value

Exp (B)†

95% CI

Univariate analysis

0.0007

6.000

2.126–16.936

Multivariate analysis

0.0007

6.000

2.126–16.936

Variable
‡

No spur or spur

Exp (B): exponentiation of the B coefficient, CI: confidence interval.
*Multivariate binary logistic regression analysis was performed, using the
backward elimination procedure. The condition of selection stay for variables
was 0.05. †Exp (B) means odds ratio. ‡No spur was reference category. The
results of univariate and multivariate were the same. If only one variable is
consistently significant, multivariate analysis may show the same results as
univariate analysis. In other words, except for variable of spur or not, there
were no other variables showing significant results from the beginning of the
analysis, and this situation persisted throughout the entire backward elimination process.

Table 2. Comparison between No Spur and Spur Groups
No spur (n=25)

Spur (n=55)

p-value

Sex (male)

13 (52.0)

28 (50.9)

0.9279*

Age (yr)

58.6 ± 6.0

57.6 ± 8.8

0.5539†

Dominant hand

12 (48.0)

39 (70.9)

0.0482*

Right side

10 (40.0)

33 (60.0)

0.0963*

15 (60.0)/10 (40.0)

11 (20.0)/44 (80.0)

0.0004*

3 (12.0)/17 (68.0)/5 (20.0)

3 (5.5)/38 (69.1)/14 (25.5)

0.5281∥

Variable

‡

Type of tear (articular side/bursal side)
§

Bigliani’s classification (I/II/III)

Values are presented as number (%) or mean ± standard deviation.
*Chi-squared test. †Student t-test. ‡Type of tear was classified as articular or bursal side. §Three distinct morphological shapes were sorted according to the Bigliani’s classification; type I (flat), type II (curved), and type III (hooked).13) ∥Freeman-Halton extension of the Fisher’s exact test.
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Table 4. Comparison between the Groups of Heel and Traction Spur
Variable

Heel Spur (n=38)

Traction Spur (n=17)

p-value

Sex (male)

17 (44.7)

11 (64.7)

0.1710*

Age (yr)

58.6 ± 6.0

57.6 ± 8.8

0.5539†

Dominant hand

26 (68.4)

13 (76.5)

0.7497*

Right side

23 (60.5)

10 (58.8)

0.9052*

2 (5.3)/36 (94.7)

9 (52.9)/8 (47.1)

0.0001*

3 (7.9)/26 (68.4)/9 (23.7)

0 (0)/12 (70.6)/5 (29.4)

0.6883∥

‡

Type of tear (articular side/bursal side)
§

Bigliani’s classification (I/II/III)

Values are presented as number (%) or mean ± standard deviation.
*Chi-squared test. †Student t-test. ‡Type of tear was classified as articular or bursal side. §Three distinct morphological shapes were sorted according to the Bigliani classification; type I (flat), type II (curved), and type III (hooked).13) ∥Freeman-Halton extension of the Fisher’s exact test.

Table 5. Significant Factors for Bursal Side Rotator Cuff Tears by Univariate
and Multivariate Logistic Regression Analysis between the Groups of Heel
and Traction Spur*
p-value

Exp (B)†

95% CI

Univariate analysis

0.0006

20.250

3.651–112.297

Multivariate analysis

0.0005

29.521

4.450–195.851

Variable
‡

Heel or traction spur

Exp (B): exponentiation of the B coefficient, CI: confidence interval.
*Multivariate binary logistic regression analysis was performed, using the
backward elimination procedure. The condition of selection stay for variables
was 0.05. †Exp (B) means odds ratio. ‡Traction type spur was reference category.

two variables. Considering prior studies, the authors analyzed
the spur by categorizing the cases as heel spur and traction spur.
Oh et al.11) categorized subacromial spurs into six different categories, and reported that full thickness rotator cuff tears were
present in the heel spur group. Similarly, Tucker and Snyder12)
reported that heel spur was a risk factor for bursal side partial
thickness tears and full thickness rotator cuff tears. On the other
hand, Ogawa et al.10) and Hamid et al.3) reported that traction
spur of 5 mm or more were frequent in full thickness rotator
cuff tear. In a recent study examining the relationship among
the heel type osteophyte, critical shoulder angle and rotator
cuff tears, Kim et al.17) showed that rotator cuff tear was affected
more by heel type osteophytes than critical shoulder angle. They
proposed that heel type osteophytes could be one of the factors
related to induce rotator cuff tears. Conversely, another study by
Sasiponganan et al.18) reported that subacromial spur, including
heel type and traction type, was associated only with subscapular tear among rotator cuff tear. However, this study had its limitation, as it did not analyze according to the type of spur.
Chambler et al.19) reported an increase in osteocyte enzyme
activity at the origin of the coracoacromial ligament in the presence of rotator cuff tear, and secondary subacromial spur formation in the presence of rotator cuff tear. In their study, the shape
of the subacromial spur was not concretely described, but was a

characteristic of the traction spur formed at the origin of the coracoacromial ligament. In addition, Hashimoto et al.20) reported
that degenerative changes of the articular side, accompanied by
microinjury of the rotator cuff, were the main causes of rotator
cuff tear in pathologic studies. Several other studies have emphasized the intrinsic and degenerative causes of rotator cuff tears in
relation to the generation of subacromial spurs.5,21-23) In the current study, a bursal side tear was predominant in heel spurs, but
articular side tears were more frequent in traction spurs, suggesting a positive correlation between degenerative rotator cuff tear
and articular side tear.
Contrarily, Neer5) introduced the impingement syndrome,
and reported that rotator cuff tear was induced with progression in mechanical compression within subacromial bursitis and
subacromial spur. Fu et al.24) emphasized the extrinsic factor, describing the rotator cuff tear induced by the direct impingement
of the coracoacromial arch of the supraspinatus and the secondary impingement caused by the micromotion of the forward elevation exercise in overhead throwing athletes. Considering that
most of the tears found in heel type spur was bursal sided in the
present study, suggests that impingement by heel spur may result
in a tear.
Since the current study is cross-sectional, causal relationships
according to the time order cannot be confirmed. However,
articular side tear was common in the no spur group, and bursal
side tear was confirmed in the spur group. This suggests that in
the progression of rotator cuff tear, the articular side tear might
precede degeneration, and gradually lead to development of the
subacromial traction spur. The purpose of the present study was
to evaluate whether rotator cuff tear was initiated from either articular or bursal side before the tear was converted to full thickness, and the factors associated with cuff tear. Undoubtedly, the
above assumptions cannot be clarified in the present study, and
need to be elucidated through additional studies in the future.
Rotator cuff repair is accompanied by acromioplasty in many
cases. In the current study, location of the cuff tear differs according to the type of subacromial spur, and may be the basis of
www.cisejournal.org
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selective treatment of acromioplasty. Oh et al.25) reported pain
and functional evaluation of bursal side partial thickness tear
after surgery. They showed that most patients had heel spurs,
and recommended that rotator cuff repair with acromioplasty
should be performed early due to the high probability of progressing to full thickness tear. However, numerous other studies
have shown that acromioplasty is not clinically important, and
there is no great merit.26-28) Therefore, the authors believe that
acromioplasty should be performed selectively, although preventive acromioplasty is required to prevent the progression to full
thickness tear of the bursal side tear due to heel spur.
There are limitations in the present study. First, there is no
gold standard classification for subacromial spur, except for the
Bigliani’s classification for the shape of acromion. Even Bigliani’s
classification, a theory delineating the relationship between
acromial morphology and impingement of the rotator cuff tear,
has not been established.10) Therefore, a more complementary,
long-term and large-scale study is required, to be recognized
as an objective classification of the currently available classification method. Second, there are radiological limitations. Peh
et al.29) reported that even if performed by a skilled radiologist, the image may look different if the angle of view is slightly
changed, which may eventually change the classification of the
subacromial spur. Finally, in this study, the incidence of articular
side tear was lower than that of previously reported studies. It is
considered that this is due to the fact that asymptomatic partial
tear was excluded, since it applied to patients who underwent
surgery during symptomatic partial thickness tears.

Conclusion
The heel spur is more associated with bursal side tear than
the traction spur, and the traction spur is related to the articular
side tear. However, it is difficult to determine the chronological
relationship between traction spur and articular side tear.
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