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Background/objective: The effect of glenoid version on the severity of glenoid bone loss is not completely
understood, although the variation of glenoid version angles is considered to reflect the degree of glenoid
bone loss in anterior shoulder instability cases. The objective of this retrospective case-control study is to
determine the relationship of the glenoid version and the severity of glenoid bone loss in a group of
previously documented recurrent anterior shoulder dislocation patients.
Methods: We retrospectively collected magnetic resonance arthrogram (MRA) data from 72 patients
with unidirectional recurrent anterior shoulder instability. The best-fit circle method was used to identify
the percentage of glenoid bone loss. Measurements of glenoid labral, chondral, and bony versions were
performed using the Friedman method.
Results: Using univariate regression analysis, it was found that a retroversion angle of more than 4 de-
grees was associated with an increased risk ratio for the occurrence of a critical glenoid defect by
approximately 5 times.
Conclusions: 24 Univariate logistic regression analysis, used to determine the presence of a critical gle-
noid bone defect, showed that both the bony version angle and the number of previous dislocations were
significantly associated with the extent of glenoid bone loss. A retroversion angle of more than 4 degrees
was associated with an approximately five-fold increase in the odds ratio for the presence of a critical
glenoid defect. Surgeons may use the value of the measured glenoid version in prediction the required
version of the reconstructive treatment.
© 2022 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
1. Background

The glenohumeral joint is an inherently unstable joint which is
restrained by a combination of both capsulolabral and the bony
structures.1 Once an anterior dislocation has occurred, a lesion at
the anterior glenoid structure is created. Any defect or deficit along
the anterior glenoid margin results in a shallower, less resistant
surface with a shorter glenoid arc length. This defect may predis-
pose the joint to dislocation anteriorly more easily and may impact
the anterior glenoid, leading to further bone loss.2

The relationship between a glenoid bone defect and the recur-
rence of shoulder dislocation has beenwell studied. The presence of
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a defect with more than 25% glenoid bone loss is significantly
associated with the recurrence of dislocation.1,3,4 An understanding
of the threshold for critical glenoid bone loss is important for
proper treatment selection for patients with shoulder instability. In
most cases, the threshold serves as the determining factor between
arthroscopic soft-tissue stabilization and an open or arthroscopic
glenoid augmentation procedure, e.g., a Latarjet procedure or an
iliac or tibial bone graft procedure.5e9

The relationship between the glenoid version and the instability
of the shoulder has beenwell documented in previous studies.10e17

Recent reports have suggested a strong connection between gle-
noid retroversion and posterior instability.11e13,15e17

In contrast to posterior shoulder instability, there have been few
studies describing the relationship between the glenoid version
and anterior shoulder instability. One study by Hohmann et al.
strongly suggests that anteversion of the glenoid increases in pa-
tients with established anterior shoulder instability.10

As mentioned above, both the capsule and labrum as well as the
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osteology of the shoulder have an important role in glenohumeral
instability, with two factors, an increasing number of dislocations
and age at first dislocation, being the strongest predictors of the
presence of a glenoid bone defect and its size.18

Although the effect of the glenoid version on shoulder stability
has been well documented, the effect of the version on glenoid
bone loss has not yet been extensively evaluated. Knowledge of that
effect could affect treatment decisions for patients with shoulder
stability which could be based in part on the specific glenoid defect.

The purpose of this study was to determine the relationship
between the glenoid version and the severity of glenoid bone loss
by studying the records of patients with documented recurrent
anterior shoulder dislocation.We hypothesized that patients with a
high degree of glenoid bone loss, especially those with critical
glenoid bone loss, may have greater glenoid retroversion.

2. Materials and methods

The study was designed as a retrospective case-control study.

2.1. Patient selection

This study was approved by the local Institutional Review Board.
In this retrospective chart review, the medical records of all pa-
tients with anterior shoulder instability between January 2009 and
December 2019 at Chiangmai university hospital were evaluated
for inclusion in our study.

International Classification of Disease 9 (ICD-9) codes were used
to identify patients within the defined time frame with anterior
shoulder instability. We identified 120 patients diagnosed with
anterior shoulder instability according to ICD-9. Each case was then
manually reviewed. After excluding patients with multidirectional
instability and those who had imperfections in their MRA data in
the CMU PAC system, 40 patients excluded as 5 patients with multi
directional instability and 43 patients with imperfection MRA in
database a total of 72 patients were included in our study.

2.2. Outcome measures

Standard MRA shoulder images were obtained using a 3-T sys-
tem. The mixed solution of gadolinium 0.1 ml combined with 3 ml
of iodinate contrast and 20 ml of water was injected into the
shoulder joint via spinal needle no.22 under fluoroscopic guidance.
All scans were performed by the same radiology technician
following a pre-established protocol. All images were obtained
with the patient supine and the arm placed at the side of the body
with the forearm supinated and the hand under the hip to maintain
the appropriate humeral position during the examination. TheMRA
study included sagittal, axial, and oblique coronal images. The
coronal oblique images were taken in a plane parallel to the
supraspinatus tendon. All images were used in the calculation of
the glenoid version and extent of glenoid bone loss.

2.3. Version

A total of 72 magnetic resonance arthrograms of samples with
unidirectional recurrent anterior shoulder instability were
reviewed, and measurements of glenoid, labral, chondral, and bone
versions were made using the CMU PAC system.

The glenoid version was measured using the technique
described by Friedman.19 The axial image immediately inferior to
the supraspinatus muscle where the posterior border of the scap-
ular neck is clearly visible was selected. A line was then drawn
along the axis of the glenoid surface (Glenoid line). The scapular
axis (Friedman's line) was defined as a line drawn from the
26
midpoint of the glenoid to a point on the medial rim of the scapular
blade. The glenoid version angle was calculated by subtracting 90�

from the angle formed by the glenoid line and Friedman's line.20

(Fig. 1).
We measured the glenoid version, the bony version, the chon-

dral version and the labral version three time each. We described
retroversion by negative angles and anteversion by positive angles.
All three measurements of each version were made using the same
axial image. The labral version was also measured as described by
Kim et al.21 and was defined as the angle formed by a line
perpendicular to the reference line and a line connecting the apex
of the anterior and posterior labrum. The chondral version was
measured by a line connecting the apex of the chondral surfaces at
the chondrolabral junctions anteriorly and posteriorly. The bony
version was measured by a line connecting the apex of the sub-
chondral bone anteriorly and posteriorly (Figs. 2e4).

Mizuno et al.22 analyzed Bankart lesions extending from the
central anterior edge of the glenohumeral joint to the inferior
margin, lesions which had been created by an anteroinferior force
vector during a traumatic dislocation event. In this study to avoid
the area of glenoid erosion, measurement of the glenoid version
was made at the superior third of the glenoid MRI axial cut
immediately inferior to the supraspinatus muscle where the pos-
terior border of the scapular neck is clearly visible.

2.4. Glenoid bone loss measurement

Three dimensionally reconstructed computed tomography
(3DCT) images with the humeral head digitally subtracted have
been considered the gold standard for assessing glenoid
morphology.23 Several authors have suggested replacing CT with
MRI to reduce the cost of imaging studies and to avoid possible
radiation exposure. Many authors have reported that quantification
using sagittal images of MRI is equally accurate as using 3DCT.24e28

Several methods have been described for grouping defects
based on the linear Bankart length measurement.29e32 Among
these methods, the best-fit circle method appears to be the
simplest technique to understand and the most convenient to use
when attempting to quantify glenoid bone loss during imaging.24

With the Sugaya method, a best-fit circle is drawn along the infe-
rior aspect of the glenoid to identify the percentage of glenoid bone
loss. In this study, glenoid bone loss of more than 25% is defined as
critical glenoid bone loss.32 (Fig. 5).

To establish interobserver and intraobserver reliability in the
current study, 20 random MRAs were selected. Two investigators
used the methods described above to calculate correlation co-
efficients for those MRAs. The correlation coefficients for interob-
server reliability were 0.84 for version and 0.89 for glenoid bone
loss. Intraobserver correlation coefficients were 0.97 for version
and 0.94 for glenoid bone loss. Given the comparative nature of the
project and the high intraobserver reliability scores, selection of
MRIs and all subsequent measurements were performed by the
same independent research associate.

3. Statistical analysis

Categorical variables are reported as frequencies and percent-
ages. Continuous variables were non-parametric and are reported
as medians and interquartile ranges (IQR). In bivariate analysis, the
association between glenoid bone loss and the categorical variables
was calculated using Fisher's exact test; associations among
continuous variables were calculated using the Mann-Whitney U
test. P-values of less than 0.05 were considered statistically
significant.

The relationships between bony, chondral, labral versions and



Fig. 1. Glenoid version measurement using Friedman's method.

Fig. 2. Bony version measurement.

Fig. 3. Chondral version measurement.
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glenoid bone loss were evaluated using logistic regression analysis.
Predictors considered to be potential confounding factors were
gender, age at first dislocation, and total number of dislocations.

The power of the statistical analysis of the association between a
variable and the outcome were calculated using two independent
proportions. We calculated the statistical power to be > 0.8. Uni-
variate regression was used to calculate risk ratios using binomial
families and were adjusted for confounders. Statistical significance
was set at P values < 0.05.
27
4. Results

This retrospective study of 72 shoulders included 76.38% male
subjects (n ¼ 62) and 23.62% female subjects (n ¼ 10). Their mean
age was 31 years old. The mean age at the first dislocation was 23
years. The average number of dislocations was 26, the mean bony
version retroversion was 3.34�, the mean chondral version retro-
versionwas 3.8� and themean labral version retroversionwas 5.65�

(Table 1). Ten of the 72 patients had critical glenoid bone loss.



Fig. 4. Labral version measurement.

Fig. 5. Best-fit circle method for measuring glenoid bone loss.

Table 1
Patient characteristics and other factors included in study.

Variable Mean

Age at first dislocation 23 years
Number of dislocations 26
Bony version Retroversion 3.34�

Critical bone loss group (10) Retroversion 5.88�

Non critical bone loss group (62) Retroversion 2.93�

Chondral version Retroversion 3.80�

Critical bone loss group (10) Retroversion 6.30�

Non critical bone loss group (62) Retroversion 3.40�

Labral version Retroversion 5.65�

Critical bone loss group (10) Retroversion 8.80�

Non critical bone loss group (62) Retroversion 5.14�

Table 2
Univariate characteristics of confounders for the presence of critical glenoid bone
defect.

Variable Glenoid Bone loss P-value

<25% >25% (critical)

Gender, n (%)
Male 53 (83) 9 (90) 0.7030
Female 9 (17) 1 (10)

Age at first dislocation
median (IQR) 23 (13.8) 22 (8.86) 0.3197

Number of dislocations
median (IQR) 19 (64) 53 (96.5) 0.0001
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Evaluation of confounding factors for the extent of a glenoid
bone defect found that the number of dislocations had a significant
influence on the extent of the glenoid bone loss, especially in cases
of critical glenoid bone loss. However, other confounding factors
28
identified in a previous study18 were not found to be statistically
significant (Table 2).

Univariate logistic regression analysis, used to determine the
presence of a critical glenoid bone defect, showed that both the
bony version angle and the number of previous dislocations were



Table 3
Univariate characteristics of the glenoid version: presence of critical glenoid bone defect.

Variable Odds Ratio 95% CI P-value

4� or more of glenoid bony retroversion 5.18 1.02e26.43 0.04
4� or more of glenoid chondral retroversion 1.58 0.41e6.05 0.50
4� or more of glenoid labral retroversion 2.1 0.54e8.09 0.28
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significantly associated with the extent of glenoid bone loss. A
retroversion angle of more than 4� was associated with an
approximately five-fold increase in the odds ratio for the presence
of a critical glenoid defect (Table 3).
5. Discussion

This study presents the relationship between glenoid version
and severity of glenoid bone loss, especially in anterior shoulder
instability patients. The version angle rangemost closely associated
with the occurrence of critical glenoid bone loss was 4� or more of
bony retroversion. A history of multiple dislocations was also a
strong predictor of critical glenoid bone loss. Chondral version and
labral version did not demonstrate a significant association
although there was a relationship between these angles and gle-
noid bone loss.

The glenoid version can be measured by various methods. One
of the standard methods is the “Friedman method” that be done
with either CT or MRA scans.19 The advantage of MRA over CT scans
is that MRA can provide more detail, not only of the bony version
but also of the soft tissue version. A high signal intensity layer
between the labrum, chondral cartilage and osseous can be eval-
uated separately. We decided to use MRA for this study because it
allowed us to evaluate each version independently.

Previous studies have reported varying average degrees of the
glenoid version angle, with the average glenoid version being be-
tween 2� anteversion and 7� retroversion depending on the loca-
tion and measurement method.33e36 The results of our cohort
study are in concordance with previous studies. In this study we
found the average bony version to be a retroversion of 3.34�. The
bony version was found to have a significant correlation with
critical glenoid bone loss. Univariate regression analysis of the size
of the glenoid bone defect showed that bony retroversion of more
than 4� was significantly associated with critical glenoid bone loss:
the occurrence of critical glenoid bone loss in patients who had a
retroversion angle of 4� or more was 5 times higher than in the
more anteversion groups.

Eichinger et al.34 demonstrated that a linear relationship can be
observed between the glenoid version and the force required to
dislocate the glenohumeral joint. They found that for each 1� in-
crease in retroversion, between retroversion 5� and anteversion 5�

of glenoid version, the force required for dislocation increased by
6% per degree, and the energy needed to dislocate increased by 10%
per degree. That study suggested that increasing the retroversion of
the glenoid might increase the force needed to dislocate the
shoulder which might explain why greater extent of glenoid bone
damage is found with higher degrees of glenoid retroversion.

Milano et al. reported that both the total number of dislocations
and a younger age at first dislocation were important factors
associated with greater glenoid bone loss.18 We therefore analyzed
these two factors as confounding factors. But due to small number
of sample size in critical glenoid bone loss group so we decided not
to calculate multivariate logistic regression analysis.

Previous studies12,21 have reported that there is normally
greater retroversion at the superior glenoid level compared to the
lower glenoid level. In this study, because the mid to lower glenoid
level was destroyed when the shoulders were dislocated, we
29
measured the retroversion of the upper glenoid level, then used the
previously reported average difference between the upper and
lower glenoid level retroversion to estimate the value for themid to
lower glenoid level which should be approximately 4e6� more
anteversion than the version of the upper glenoid.37

The clinical relevance of this study is that it may help predict the
importance of the glenoid version after an anterior instability
especially those who have a high degree of bone loss which in-
dicates a higher retroversion than normal. This could also affect the
surgical technique which previously emphasized the restoration of
the glenoid surface area. The version of the reconstructed glenoid
may have to be taken into account. Further study needs to be done
to prove the effectiveness of the glenoid reconstruction procedure
relates to the version of the glenoid. Also, the study is needed to
evaluate other aspects of glenoid morphology, e.g., glenoid incli-
nation and glenoid width, which may also play an important role in
glenoid bone loss. Similarly, the study of potential bone loss on the
humeral head using glenoid morphology is required as well.

A limitation of this study is the small sample size. Some of the
factors had an insufficient sample size to be statistically significant
although relationship trends were found to exist between those
factors and glenoid bone loss.

6. Conclusions

The critical glenoid bone loss might be related to glenoid
morphology. The occurrence of critical glenoid bone loss was found
to be approximately 5 times higher in patients withmore than 4� of
glenoid retroversion compared to patients with the same risk fac-
tors but with anteversion. Surgeons might be able to evaluate the
urgency of treatment in part based on characteristics of the glenoid
version.
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