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Abstract

Purpose The relationship between glenoid version angle
and rotator cuff pathology has been described. However, the
effect of glenoid version angle on rotator cuff pathology is
still unknown. The aim of this study was to investigate
whether there is an impact of glenoid version angle on
rotator cuff pathology.

Methods All shoulder MRI examinations performed in the
study centres between August 2008 and August 2009 were
evaluated retrospectively. Shoulder MRI examinations
having rotator cuff pathology such as trauma, degeneration,
and acromion type 2-3-4 reported in previous studies were
excluded from the study. Sixty-two shoulder MRIs with
rotator cuff pathology having type 1 acromion morphology
and 60 shoulder exams without rotator cuff pathology were
included in the study. Glenoid version angle was calculated
in axial images. Rotator cuff was evaluated in fat-
suppressed T2-weighted and proton density-weighted
images.

Result The mean values for glenoid version angle were
2.41° and 0.61° in the control and the study groups,
respectively. No statistically significant difference was found
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between the two groups (p>0.05). In addition, 26.6% and
33.8% of the glenoids were retroverted and 73.4% and
66.2% were anteverted in the control and the study groups,
respectively (all p>0.05).

Conclusion This study demonstrated no significant rela-
tionship between glenoid version angle and rotator cuff
pathology. Therefore, the pathologies that can be related to
the cuff itself should be investigated if the pathology cannot
be explained by an extrinsic cause in subjects with rotator
cuff pathology.

Introduction

Rotator cuff (RC) pathology is the most common cause
of shoulder pain. Factors for RC disorders include
repetitive overhead arm activities, trauma, degenerative
diseases, and morphological features of the acromion and
the coracoid [1-5]. Neer [6] has shown that most RC tears
result from impingement of the RC under the anterior
acromion as it passes beneath the coracoacromial arch.
Bigliani et al. [7] found that acromion types are important
and there was an increased incidence of full-thickness RC
tears associated with a ‘hooked’ morphology of the
acromion but not with ‘flat’ acromion. Other studies have
also described glenoid version as a risk factor that
influences the distribution of forces such that additional
stress is focused on RC and causes injuries [1, 8, 9].
However, in the literature, none of the studies have
indicated whether there were any other risk factors with
glenoid version which cause rotator cuff pathology.

In this study, we tested the hypothesis that there is a
relationship between the rotator cuff pathology and primary
glenoid version angle excluding the other risk factors for
RC injury described above.
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Materials and methods
Study population

All shoulder MRI examinations performed in the study
centres between August 2008 and August 2009 were
evaluated retrospectively. Shoulder MRI examinations
having rotator cuff pathology such as trauma, degeneration,
and acromion type 2-3-4 reported in previous studies were
not included in the evaluation. Sixty-two shoulder MRIs of
62 patients with rotator cuff pathology having type 1
acromion morphology and 60 shoulder exams of 59
patients without rotator cuff pathology (control group) were
included in the study. Forty-one female and 21 male
patients with a mean age of 48.7 years (age range, 25—
73 years) were in the study group and 32 female and 27
male patients with a mean age of 37.3 years (age range, 14—
61 years) were in the control group. The Institutional Ethics
Committee approved the study protocol and all patients
gave informed consent to participate in the study.

Anatomical measurements on MRI

The MRI examinations were performed on 1.5 Tesla
systems (Philips, Achieva, Netherlands and Philips, Intera
Nova, Netherlands). All patients were examined in the
supine position with the arms close to the body, the palm
facing up and the hand under the hip to keep shoulder
immobile. The MRI study included imaging of the shoulder
in the axial, sagittal and oblique coronal planes. Coronal
oblique images were in a plane parallel to supraspinatus
tendon. The following MRI pulse sequences were obtained:
spin-echo T1-weighted sagittal oblique (TR range/TE range
450-640/12-24 ms), fast spin-echo T2-weighted axial (TR
range/TE range 2520-3000/60-80 ms), fat-saturated T2-
weighted coronal oblique (TR range/TE range 2600-3000/
50-80 ms), spin-echo T1-weighted coronal oblique (TR range/
TE range 540-720/14-26 ms) and fat-saturated proton density
coronal oblique (PD) (TR range/TE range 2600-3000/20-
30 ms). The matrix was 256 x 182, field of view (FOV) was
18-20 cm and slice thickness/interslice gap was 4/0.3 mm.

Angles were measured on a workstation with electronic
calipers using the Extreme PACS program (Extreme PACS,
Ankara). The measurements of all subjects were performed by
an experienced musculoskeletal radiologist blinded to the
study. In order to assess intra-observer variation, all measure-
ments were repeated three times by the same radiologist and
then means were calculated. The rotator cuff pathology was
evaluated by two experienced musculoskeletal radiologists
blinded to the study.

Rotator cuff was evaluated in fat-saturated T2-weighted
and proton density-weighted images. Glenoid version angle
(GVA) was measured on axial MR images (Fig. 1) as
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described by Tetrault et al. [8]. In the first axial image in
which the posterior border of the glenoid neck was clearly
visible, a line was drawn through the axis of the glenoid
surface. The second line was drawn by joining the posterior
glenoid neck and the junction of the scapular spine to the
scapular body medially (Fig. 1), whereby ‘a’ was the angle
in the posterior medial quadrant of the intersection of these
two lines. GVA was calculated by subtracting 90° from the
‘a’ angle (GVA=a — 90°). Anteversion of the glenoid was
indicated as positive (+) values for this angle, while
retroversion was indicated as negative (—) values.

Statistical analysis

Data were analysed with the SPSS software version 15.0
for Windows (SPSS Inc., Chicago, Illinois, USA). Contin-
uous variables were presented as mean+SD and categorical
variables as frequency and percentage. The Kolmogorov—
Smirnov test was applied to assess the distribution of
continuous variables. The Student ¢ test was used to
compare continuous variables with normal distribution.
The Mann—Whitney U test was used to compare continu-
ous variables without normal distribution. The x2 test was
used to compare categorical variables. A two-tailed p-value
of <0.05 was considered statistically significant.

Results

Table 1 summarises the characteristics of the study popula-
tion. The study group consisted of 62 patients with a mean age
of 48.7 years (range 25-73 years) and the control group
consisted of 59 patients with a mean age of 37.3 years (range
14-61 years). A significant difference was found between the
patients and controls for age (p<0.001). There were no
statistically significant differences between males and
females, and right and left shoulders for all measurements
in the patient and control groups (all p>0.05).

In the control group, 26.6 % of the glenoids were
retroverted from —12.88 to —0.55° and 73.4% were anteverted
from 0.03 to 10.99° (Table 2). The mean value for GVA was
2.41°. In the study group, 33.8% of the glenoids were
retroverted from —16.82 to —0.9° and 66.2% were anteverted
from 0.03° to 16.28°. The mean value for GVA was 0.61°.
There was no statistically significant difference for GVA
between the control and patient groups.

In the control group, none of the shoulders had any rotator
cuff injury. In the study group, 20% of patients had
supraspinatus tendinosis, 16% had partial rupture of supra-
spinatus, 5% had complete rupture, 6% had both tendinosis
and partial rupture of supraspinatus, 2% had complete rupture
of supraspinatus and partial rupture of subscapularis tendon,
1% had supraspinatus tendinosis and partial rupture of
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Fig. 1 Measurement of glenoid
version angle (GVA) on axial
MR image (vellow lines)

subscapularis tendon, 1% had supraspinatus tendinosis and
both partial rupture and tendinosis of subscapularis tendon.

Discussion

The glenohumeral joint is responsible for most movements
of the shoulder joint, especially during internal rotation
[10]. The main cause of shoulder pain in young people and
athletes is glenohumeral instability, although it is rotator
cuff pathology in older people. Many different risk factors
play an important role in the aetiology of the RC diseases
which have been described. The most studied mechanism is
extrinsic mechanical compression. Attrition of the aponeu-
rosis against the undersurface of the acromion, which was
first described by Meyer in 1931, is the main cause of
damage to supraspinatus tendon [11]. Neer has stated that
chronic impingement beneath the coracoacromial arch
causes 95% of rotator cuff ruptures [12]. Bigliani et al.

Table 1 Characteristics of the study population

have described the relationship between the variation in the
shape of the acromion and RC tears [7]. The ‘hooked’ shape
of the acromion was found to have the highest correlation
with RC ruptures [13, 14].

In the literature, GVA was measured and compared in
patients with RC tears and in controls. The authors found
that GVA was more retroverted in the patient group, and the
difference was statistically significant 8, 9, 15-19].

Glenoid version has been examined in several studies.
Das et al. [15] reported that the mean GVA in ten normal
subjects as determined by plain radiography was —4.9°. In
1983, Cyprien et al. [16] reported the mean GVA as —7.6° in
50 normal men (100 shoulders) using measurements from
plain radiographs. The other studies with computed
tomography (CT) and MR images have reported similar
values of GVA [16, 17, 18]. Tokgoz et al. [9] have reported
the mean GVA as —7.1° in patients with supraspinatus
tendon tears and —4.8° in the control group. Tetrault et al.
[8] found a correlation between the area of RC tears and the
glenoid version. They reported that retroversion (mean

Table 2 Measurements of the patient and control groups

Characteristics Study Control p value
group group Measurement Patient Control p value
(n=62) (n=60) group (n=62) group (n=60)
Age (range) years  48.7+10.5 (25-73) 37.3+£12.5 (14-61) <0.001 GVA 0.61°+£7.36 2.41°+£4.75 0.112
Examination 62 60 — Anteversion 41 44 0.434
rlmmbel:r 0 ] (n); range 0.03-16.28° 0.03-10.99°
B' I
Gl azsra - 21 (%34) / 41 (%66) 27 (%47) /32 (%53) 0.149 Retroversion 21 o
e (134)/ 41 (c6) 27 (46d7)/32 (453) . (n); range  _16.82° 10 -0.9°  —12.88° to ~0.55°

(male/female)

Side (right/left) 43 (%69) / 19 (%31) 36 (%60) / 24 (%40) 0.280

GVA glenoid version angle
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value, —5°+4) was associated with a relatively high
probability of supraspinatus tendon injury. However, a
control group was not included in their study.

In contrast to previous studies that have demonstrated
normal GVA to be negative, Friedman et al. [20] have
determined the mean GVA as positive (2°+5). In our study,
we found the GVA as 2.41°+4.75 in the control group, similar
to Friedman’s study and 0.61°+7.36 in the patient group in
contrast to the literature with a significant difference. There
was no statistically significant difference for GVA between
the control and patient groups (p>0.05).

This is the first study in the literature that defines the effect
of primary GVA on RC pathology, because we excluded
subjects having any other risk factors that might cause RC
pathology such as hooked acromion, degenerative changes
and trauma. In other words, in this radiological study the effect
of the primary glenoid axis on RC tears was evaluated in a
homogenous study population. In patients with anteverted flat-
type acromions especially, the evaluation of RC pathologies
itself seems to be more appropriate if there is no extrinsic
pathology causing RC tear. However, this study has the level of
evidence ‘B’. Therefore, for more robust results on this topic,
studies having the level of evidence ‘A’ are needed [21].

Finally, some limitations were present in our study. The
most serious limitation is the small sample size. During the
one-year period, only 62 shoulders with rotator cuff
pathology having type 1 acromion morphology were
detected retrospectively. For a more healthy comparison
between two groups, a similar sample size of 60 shoulders
without rotator cuff pathology of 59 patients was included in
the study. This limitation could be overcome by increasing
the study period. Another limitation of the study was its
retrospective nature. In fact, rotator cuff pathology should be
confirmed arthroscopically. However, the patients were
diagnosed only by MRI. To rule out misdiagnosis, images
were reported independently at different times by two
different radiologists.

In conclusion, glenoid version and acromion types are
different morphological features of scapula; however, they
may combine to provoke rotator cuff injury. Further studies
with large sample sizes are needed to confirm this hypothesis.
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