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Glenoid version is associated with different
labrum tear patterns in shoulder instability
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Background: Previous studies have evaluated glenoid version as a risk factor for anterior and posterior shoulder instability. However,
the association of glenoid version with combined anterior-inferior-posterior (>180�) labrum injuries is unknown. The purpose of the
present study was to investigate various parameters of glenoid morphology, including version, in >180� labral tears and to compare
these values with isolated anterior and isolated posterior tears.
Methods: Magnetic resonance imaging studies from a consecutive series of shoulder instability patients were reviewed by 3 indepen-
dent observers to measure the parameters of glenoid morphology including superior-inferior and anterior-posterior diameter, diameter
ratio, glenoid version using the glenoid vault method, and percentage of glenoid bone loss using the best-fit circle method. These pa-
rameters were compared between patients with anterior (group 1), posterior (group 2), and >180� labral tears (group 3). Interobserver
reliability coefficients were calculated for all measurements assessed.
Results: There were statistically significant differences for all group comparisons regarding the glenoid version, with group 2 having the
most retroversion (19.9� � 4.71�) followed by group 3 (14.21� � 4.59�) and group 1 (11.24� � 5.3�). Group 3 showed the lowest amount of
glenoid bone loss; however, the group differences did not reach statistical significance. Therewas also no statistically significant group dif-
ference for the other measured parameters. Interobserver reliability was in the good to excellent range for all measurements.
Conclusions: Combined anterior-inferior-posterior labral tears are associated with an increased amount of glenoid retroversion compared
with isolated anterior labral tears. Isolated posterior labral tears have the largest amount of glenoid retroversion of all tear patterns.
Level of evidence: Level II; Retrospective Design; Prognosis Study
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Combined anterior, inferior, and posterior glenoid labrum
injuries (>180� tears) are a unique subset of glenohumeral
instability with a higher failure rate after surgical treatment
compared with other labral injuries.19 The pathomechanics of
this injury are not well understood.19 Recent studies have
shown the importance of the bony geometry of the glenoid,
especially the glenoid version, in the pathomechanics of gle-
nohumeral instability. Studies demonstrated that anterior
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shoulder instability was associated with increased anteversion
of theglenoid,2,5,10,22whereas posterior shoulder instabilitywas
associated with increased retroversion.7,8,12,21,23 Katthagen
et al15 further demonstrated that increased retroversion was a
risk factor especially for atraumatic onsets of posterior
shoulder instability. Biomechanical data further emphasized
the influence of the glenoid version in posterior shoulder
instability. Imhoff et al13 demonstrated that in the presence of
posterior labrum lesions, a significantly decreased force was
required for posterior glenohumeral translation and disloca-
tion as glenoid retroversion was increased. Furthermore, the
results of this study showed that in the setting of>15� glenoid
retroversion, Bankart repair alone was not able to restore the
force required for dislocation back to the normal state.13

To the authors’ knowledge, there has not been a study
that evaluated the glenoid version in >180� labrum tears as
a possible risk factor for these types of injuries in a similar
fashion to isolated anterior and posterior injuries. Under-
standing the implications of glenoid version and its asso-
ciation with instability could be important in identifying
which patients may be more at risk for failure after
arthroscopic capsulolabral repair.

The purpose of this study was to investigate differences
in glenoid version in >180� labrum tears compared with
isolated anterior and posterior labral injuries. It was hy-
pothesized that there would be a greater amount of glenoid
retroversion in >180� tears compared with anterior injuries.
Posterior injuries were expected to have the highest amount
of retroversion of all injuries.
Materials and methods

Patient cohort

All consecutive patients treated surgically because of symptomatic
shoulder instability by a single surgeon (ADM) between January
2008 and December 2017 were included in the present study. The
indication for surgery was a history of shoulder dislocation
that resulted in symptomatic glenohumeral instability. In the
preoperative physical examination, patients presented with 2þ
anterior-inferior or posterior-inferior load shift, symptomatic
apprehension test with positive relocation, symptomatic posterior
jerk test, or a positive Kim test. Preoperative magnetic resonance
imaging (MRI) was available for every patient included in the
study and confirmed a tear of the glenoid labrum. Exclusion
criteria were rotator cuff pathologies, fractures of the shoulder
girdle other than bony Bankart lesions, osteoarthritis of the gle-
nohumeral or acromioclavicular joint, and chronic systematic
musculoskeletal disease (eg, rheumatoid arthritis).

Data acquisition

For this retrospective study, the surgery records, operation reports,
and preoperative outpatient reports were reviewed for the inclu-
sion and exclusion criteria as well as demographic data that
included gender, age at surgery, body mass index, smoking habits,
side of the affected shoulder, and number of shoulder dislocations.
The exact location of the labral tear was taken from the intra-
operative notes. According to the location of the tear, the cohort
was classified into 3 groups: isolated anterior or anterior-inferior
labral tear (group 1), isolated posterior or posterior-inferior labral
tear (group 2), and combined anterior-inferior-posterior (>180�)
labral tear (group 3). The >180� labral tears were defined as
starting in the anterior superior quarter (between 12 and 3 o’clock)
including the inferior half (between 3 and 9 o’clock) and ending in
the posterior superior quarter (between 9 and 12 o’clock).19

Accordingly, labral tears in group 1 were defined by an exten-
sion starting from the anterior superior quarter including the
anterior inferior quarter (between 3 and 6 o’clock) and ending in
the posterior inferior quarter (between 6 and 9 o’clock). Labral
tears in group 2 were defined by an extension starting in the
anterior inferior quarter including the posterior inferior quarter
and ending in the posterior superior quarter (Fig. 1).
MRI examination

Preoperative MRI scans at a minimum of 1.5 Tesla of all included
patients were available for a detailed analysis of the glenoid ge-
ometry. The primary parameter of measurements was the glenoid
version, which was determined according to the glenoid vault
method.8,15,24 Although this method was initially developed for
computer tomography imaging,24 more recent studies showed a
high interobserver and intraobserver reliability for MRI scans and
a better accuracy in comparison with the measurement method of
Friedman et al.6,8,15 The glenoid vault method is based on the MRI
axial plane that runs through the middle of the glenoid neck
(Fig. 2). First, an isosceles triangle is drawn that fits exactly into
the glenoid vault. Then the angle between the bisecting line of the
triangle and a tangent line on the endosteal face of the glenoid is
measured that represents the glenoid version (Fig. 3).

In addition, the size of the glenoid articular surface was deter-
mined bymeasuring the superoinferior and anteroposterior length as
well as the ratio between these 2 lengths (superoinferior/ante-
roposterior). The superoinferior length was measured in the coronal
plane that ran through the middle of the glenoid articular surface,
and the anteroposterior length was measured in the axial plane that
ran through the middle of the glenoid neck (Figs. 2 and 4). For the
glenoid sizemeasurements, the endosteal surface of the glenoidwas
taken into account excluding chondral and labral tissue as gleno-
humeral dislocations may have led to loosening of these structures
and therefore to a higher variability of themeasurements. In cases of
bony Bankart lesions, the loose bone fragments were also excluded
from the measurements.

Another parameter that describes the geometry of the glenoid
includes traumatic or erosive bone loss. This was measured using
the best-fit circle method. It has been demonstrated that this
method shows a good interobserver and intraobserver reliability as
well as good accuracy based on MRI scans.9,11 For the measure-
ment, an MRI sagittal plane tangential to the articular surface was
used (Fig. 2). First, a vertical line along the long axis of the
glenoid through the supraglenoid tubercle was drawn. Then a best-
fit circle with its center on this line was placed along the inferior
edge of the glenoid. The glenoid bone loss was calculated in
percentage, as described in Fig. 5. The best-fit circle method was
used to detect and measure anterior and posterior bone loss. If the
glenoid showed bone loss at both the anterior and posterior edge,



Figure 1 Group classification according to the labrum tear morphology. The schematic drawing represents the glenoid of a right shoulder.
Group 1: labrum tear starting in the anterior superior quarter (12-3 o’clock) and reaching the posterior inferior quarter (6-9 o’clock); group
2: labrum tear starting in the anterior inferior quarter (3-6 o’clock) and reaching the posterior superior quarter (9-12 o’clock); group 3:
labrum tear starting in the anterior superior quarter and reaching the posterior superior quarter.

Figure 2 Definition of the magnetic resonance imaging planes for the measurements. The sagittal plane (green) is defined as the tangent
plane to the glenoid surface. The coronal plane (red) is defined as perpendicular to the sagittal and axial plane (blue) and running through
the middle of the glenoid width (a). The axial plane (blue) is defined as perpendicular to the sagittal and coronal plane and running through
the middle of the width of the glenoid neck (b).
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only the value for the larger loss was recorded, because this was
considered as the clinically more relevant defect.

All measurements were performed by 3 independent observers
using IntelliSpace PACS (Philips, Andover, MA, USA), and the
averages were used as final values.

Statistical analysis

Continuous variables were calculated as mean � standard devia-
tion, and categorial variables were calculated as absolute and
relative frequencies. The normal distribution of the data was
examined and graphically confirmed with the Shapiro-Wilk
normality test. A comparison between the 3 study groups was
performed for the demographic data and for the MRI measure-
ments using analysis of variance for continuous variables and
using the c2 test and Fisher exact test for categorial variables. The
Bonferroni-Holm correction was used to account for multiple
comparisons. An interclass correlation coefficient (ICC) was
calculated between the MRI measurements of the 3 observers.
ICC values >0.9 were considered excellent, values between 0.8
and 0.9 were considered good, and values <0.8 were considered
poor. The alpha level for all analyses was set at 0.05. Statistical
analysis was conducted with Stata 15 software (StataCorp LLC,
College Station, TX, USA).
Results

The characteristics of the 3 groups are listed in Table I.
There was no significant group difference regarding the
demographic parameters.



Figure 3 Measurement of glenoid version using the glenoid vault method comparing (A) minimal and (B) significant retroversion. The
angle of the glenoid vault is measured from the endosteal surface (angle between dotted lines a and b). Then the bisecting line of the glenoid
vault is defined (dotted line c). A perpendicular line is drawn from line c that represents neutral (0�) glenoid version (broken line d). The
glenoid version is then measured between line d and a tangent line to the endosteal surface of the glenoid (broken line e). In these cases, the
glenoid has 11� and 30� of retroversion, respectively.

Figure 4 Measurement of the size of the glenoid. (A) The anteroposterior length of the glenoid is measured in the axial plane running
through the middle of the glenoid neck (a). (B) The superoinferior length of the glenoid is measured in the coronal plane running through
the middle of the glenoid surface (b).
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The average glenoid version was 11.2� � 5.3� of
retroversion for group 1 (anterior tears), 19.9� � 4.7� of
retroversion for group 2 (posterior tears), and 14.2� � 4.6�
of retroversion for group 3 (combined anterior/posterior
tears) with statistically significant differences for all group
comparisons (Table II, Fig. 6). The percentage of glenoid



Figure 5 Measurement of glenoid bone loss using the best-fit
circles method. A circle is fit to the inferior edge of the glenoid on
the sagittal magnetic resonance imaging image that is just medial
to the glenoid face. The width from the posterior (or anterior) edge
of the circle to the remaining glenoid (b) is subtracted from the
diameter of the full circle (a) and divided by the diameter of the
full circle to produce the percentage of glenoid bone loss. For-
mula: Bone loss (%) ¼ (a � b)/a � 100.
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bone loss was lowest in group 3 at 4.7% � 4.2%, but this
was not significantly different in comparison with the other
2 groups. Also, for all other MRI measurements, the group
differences did not reach significance.

The interobserver reliability of the measurements in this
study was in the good to excellent range with an ICC over
0.8 for all measurements (Table III).
Discussion

The most important finding of this study was the significant
association between the glenoid version and the location of
Table I Demographic data of the 3 groups

Number
of
patients

Operative
side (R/L)

Number of
dislocations (%)

Ag
sur

1 2-5 6-10 >10

Group 1 64 39/25 14 72 9 5 29.
Group 2 17 11/6 0 88 6 6 33.
Group 3 42 17/25 5 81 5 10 27.
P value .11 .37

BMI, body mass index.
labral tears in patients with glenohumeral instability.
Combined anterior, inferior, and posterior labral defects
showed a significantly increased retroversion in comparison
with isolated anterior labral defects, whereas isolated pos-
terior labral defects showed even higher angles of glenoid
retroversion.

In the present study, 3 groups of patients were compared
in order to investigate the correlation between the location
of labral tears and the glenoid morphology. The results
showed that the absolute size of the glenoid, the superior-
inferior diameter, or the anterior-posterior diameter did not
correlate with the location of labral tears. Also the ratio
between these 2 measurements that represents the 2-
dimensional shape of the glenoid did not show any signif-
icant group difference.

A further parameter that was investigated in the preop-
erative MRI scans was the glenoid bone loss. The impor-
tance of glenoid bone loss regarding anterior shoulder
instability has been widely discussed in recent years.
Clinically relevant bone loss of the anterior glenoid is
typically caused by recurrent anterior shoulder disloca-
tions.16,20 However, Dickens et al4 demonstrated in a pro-
spective study on 714 athletes that even after first-time
anterior shoulder dislocations a mean bone loss of 6.8%
(range, 0.7%-17.6%) can be detected. As bone defects of
the anterior glenoid are associated with inferior outcomes
after Bankart repair, surgical bone transfer techniques
should be considered in these cases.3,25,27 So far, there is no
consensus about the critical value of anterior bone defects
beyond which sufficient glenohumeral stability cannot be
restored by isolated Bankart repair. Values between 15%
and 28% of the anteroposterior width of the glenoid have
been discussed on the basis of biomechanical results.14,26,28

In the present study, the patients with isolated anterior
labrum tears showed a mean anterior bone loss of 7.1%.
Interestingly, patients with isolated posterior labrum tears
showed a similar amount of 7.9% posterior glenoid bone
loss, when measured with the best-fit circle method.
Although the comparisons with the >180� group did not
show statistical significant differences, there was consid-
erably less bone loss in these patients. Therefore, it may be
noted that glenoid bone loss due to a single shoulder
dislocation or due to chronic erosion is a minor problem in
e at
gery

Dominant
arm (R/L)

Number
of
smokers

BMI Height
(cm)

2 � 10.5 56/8 4 26.5 � 4.4 177.6 � 8.7
5 � 14.4 16/1 1 28.1 � 4.2 180.6 � 1.8
0 � 12.2 39/3 0 26.9 � 3.6 175.6 � 6.9
.15 .25 .29 .51 .19



Table II Between-group measurements for the glenoid morphology parameters

Superior-inferior
length (mm)

Anterior-posterior
length (mm)

Superior-inferior to
anterior-posterior ratio

Retroversion (�) Bone loss (%)

Group 1 33.5 � 3.7 25.9 � 3.5 1.3 � 0.2 11.2 � 5.3 7.1 � 8.1
Group 2 35.5 � 3.4 27.3 � 3.9 1.3 � 0.2 19.9 � 4.7 7.9 � 8.4
Group 3 33.8 � 3.2 26.4 � 2.5 1.3 � 0.1 14.2 �4.6 4.7 � 4.2
P value .11 .23 .64 <.001* .15

* Significant group difference.
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patients with combined anterior/inferior/posterior labrum
pathologies. However, further clinical data are needed to
verify this statement.

The main focus of the present study was set on the
evaluation of the glenoid version, which demonstrated a
significant between-group difference. Previous studies
have already identified a significant association between
isolated posterior shoulder instability and increased gle-
noid retroversion.8,15,17,21 Although Kim et al17 found an
increased retroversion in patients with isolated posterior
instability compared with patients without glenohumeral
pathology, Gottschalk et al8 demonstrated that patients
with posterior glenohumeral instability had significantly
more glenoid retroversion than patients with anterior
instability. These findings are in accordance with the re-
sults of the present study when the glenoid retroversion
was compared between the patients with isolated posterior
and isolated anterior labrum tears.

Besides these 2 patient groups with either anterior or
posterior labrum defects, the present study also focused on
patients with combined anterior, inferior, and posterior le-
sions. These extensive labral injuries were investigated by
Mazzocca et al,19 who performed a prospective clinical trial
of 21 affected patients. The authors reported that arthro-
scopic repair led to a significant improvement of all
measured outcome scores after a mean follow-up of 28
Figure 6 Glenoid retroversion. Bar chart representing the re-
sults of the glenoid retroversion in comparison between the 3
groups. The main bars represent the mean values, and the error
bars represent the standard deviation.
months.19 However, there was a 15% failure rate with
subsequent episodes of instability, which was significantly
higher in comparison with the results after isolated anterior
labrum repair as reported in the literature.19 In a recent
meta-analysis on the outcomes after arthroscopic anterior
labrum repair, Alkaduhimi et al1 reported a 6.6% redis-
location rate in noncollision athletes. A detailed failure
analysis, which would explain the worse results after
combined anterior, inferior, and posterior stabilization, was
not performed by Mazzocca et al.19

In the present study, all performed group comparisons
for the glenoid version showed significant differences, with
the >180� labral tear group showing significantly more
retroversion than isolated anterior labrum tears and signif-
icantly less retroversion than isolated posterior labrum
tears. This correlation between the glenoid morphology and
glenohumeral instability is of distinct clinical relevance as
the glenoid version has a relevant influence not only on the
development of labral tears but also on the outcome after
surgical repair. Katthagen et al15 conducted a clinical trial
with a mean follow-up of 4.1 years on 38 shoulders with
isolated posterior glenohumeral instability, which were
treated with arthroscopic capsulolabral repair. The authors
reported that 2 patients needed revision surgery due to
recurrent posterior instability, whereas 3 patients had self-
reported redislocations or subluxations resulting in a fail-
ure rate of 13%.15 Furthermore, their results showed that in
comparison with traumatic onset of posterior instability,
atraumatic onset was associated with significantly higher
glenoid retroversion and significantly worse postoperative
outcomes.15
Table III Interobserver reliability analysis of the various
measurements

ICC 95% Confidence
interval

Superior-inferior length 0.839 0.593-0.920
Anterior-posterior length 0.916 0.882-0.941
Ratio superior-inferior/
anterior-posterior

0.868 0.814-0.906

Version 0.888 0.848-0.918
Bone loss 0.877 0.784-0.925

ICC, interclass correlation coefficient.
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Although there is only limited clinical evidence
regarding corrective osteotomies of the glenoid for the
treatment of glenohumeral instability, the glenoid version
must be taken into account when patients present with
glenohumeral instability. In a recent study, Lacheta et al18

retrospectively investigated 12 shoulders (11 patients) that
underwent posterior glenoid osteotomy for posterior
shoulder instability with increased glenoid retroversion. At
a mean follow-up of 19.8 months, there were no post-
operative redislocations, whereas 1 patient reported symp-
toms of recurrent shoulder instability.18 Considering the
significant association between the glenoid version and the
morphology of labral tears, more clinical studies are needed
to investigate the influence of glenoid version on the out-
comes after surgical labral repair and the benefit of addi-
tional glenoid osteotomies.

There are several limitations to this study. First, the
study design was retrospective based on preoperative
radiological and intraoperative arthroscopic findings.
Therefore, clinical correlation of our findings is limited,
and conclusions about the influence of the glenoid
morphology on postoperative outcomes are not possible.
This, however, was not the aim of the present study, but
rather to detect morphologic features of the glenoid in
correlation with different labral defect patterns.

In addition, there was no control group without signs of
labral pathologies and without problems of instability.
Therefore, a comparison of the measurement results with
healthy individuals was not possible.

The lack of information about the mechanism of first-
time shoulder dislocation must be considered as further
limitation. Glenoid version may have a different impor-
tance in traumatic vs. atraumatic shoulder dislocations.
Also traumatic onset may have a different impact on gle-
noid bone loss.

In order to describe possible glenoid erosions, the best-
fit circle method was used.9,11 This method was originally
established for anterior and anterior-inferior glenoid de-
fects. In the present study, this method was also used for
posterior glenoid defects in the patient group with posterior
labrum tears. As there are no reference values for posterior
erosions in the literature, the clinical relevance of these
measurements is limited and comparison with anterior
erosions is not possible. Therefore, these measurements
have to be considered rather as descriptive within the pa-
tient groups than comparative between the patient groups.

The results of the present study are of distinct clinical
relevance as the glenoid version is associated with the
location and extension of labral tears. In comparison with
isolated anterior labral tears both isolated posterior labral
tears and >180� tears demonstrate increased glenoid
retroversion. Although the results do not demonstrate a
causal relation between the morphology of labral tear pat-
terns and glenoid morphology, version should be consid-
ered when deciding on the treatment of these injuries,
especially in revision cases, as it may explain the higher
incidence of failures seen in this injury subset. However,
further clinical study is needed to define the threshold of
glenoid version at which a soft tissue procedure alone is
likely to fail.
Conclusions
Combined anterior-inferior-posterior labral tears are
associated with an increased amount of glenoid retro-
version compared with isolated anterior labral tears.
Isolated posterior labral tears have the largest amount of
glenoid retroversion of all investigated labrum tear
patterns.
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