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Abstract
Introduction Variations in glenoid morphology among pa-
tients of different gender, body habitus, and ethnicity have
been of interest for surgeons. Understanding these anatomical
variations is a critical step in restoring normal glenohumeral
structure during shoulder reconstruction surgery.
Methods Retrospective review of 108 patient shoulder CT
scans was performed and glenoid version, AP diameter and
height were measured. Statistical multiple regression models
were used to investigate the ability of gender and ethnicity to
predict glenoid AP diameter, height, and version independent-
ly of patient weight and height.

Results The mean glenoid AP diameter was 24.7±3.5, the
mean glenoid height was 31.7±3.7, and the mean glenoid
version was 0.05±9.05. According to our regression models,
males would be expected to exhibit 8.4° more glenoid retro-
version than females (p= 0.003) and have 2.9 mm larger
glenoid height compared to females (p=0.002). The predicted
male glenoid AP diameter was 3.4 mm higher than that in
females (p < 0.001). Hispanics demonstrated 6.4° more
glenoid anteversion compared to African-Americans
(p=0.04). Asians exhibited 4.1 mm smaller glenoid AP diam-
eters than African-Americans (p= 0.002). An increase of
25 kg in patient weight resulted in 1 mm increase in AP di-
ameter (p=0.01).
Conclusions Gender is the strongest independent predictor of
glenoid size and version. Males exhibited a larger size and
more retroverted glenoid. Patient height was found to be pre-
dictive of glenoid size only in patients of the same gender.
Although variations in glenoid size and version are observed
among ethnicities, larger sample size ethnic groups will be
necessary to explore the precise relations. Surgeons should
consider gender and ethnic variations in the pre-operative
planning and surgical restoration of the native glenohumeral
relationship.

Level of Evidence: Anatomic Study

Keywords Glenoid AP diameter and height . Glenoid
version .Multiple regressionmodel . Patient height and
weight . Total shoulder arthroplasty

Introduction

Numerous studies have evaluated glenoid morphology using
CT scans and found variations amongst men and women,
shoulder dominance, and activity level. For instance, it is
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known that males typically have a more retroverted glenoid
compared to females [1–4]. Although most patients have a
neutral to slightly retroverted glenoid, large variations are seen
and should be accounted for accordingly [5]. Some studies
found a positive correlation between glenoid surface area
and patient height and gender, but it is unclear which patient
parameters (gender and height) were most predictive of the
variance in glenoid diameters and how the variance was af-
fected [6].

Churchill et al. examined the glenoid version and size in
more than 170 human cadavers of different ethnicity and gen-
der [7]. Although, they found no significant difference in
glenoid size between patients of African-American ethnicity
and white patients, a significant difference in glenoid height
and width was observed between genders [7]. Glenoid version
was found to be significantly different in specimens of various
ethnicity, but the authors failed to find a difference between
genders of the same ethnicity [7]. Furthermore, they did not
investigate the impact of body habitus, specifically body
height and weight, in the variation of glenoid version and size.

The purpose of this study is to evaluate how glenoid ver-
sion, anteroposterior (AP) diameter, and height vary based on
patient demographics, specifically gender, ethnicity, weight,
height, and laterality. Furthermore, gender and ethnicity char-
acteristics were examined independently of height and weight
to limit confounding effects. A secondary aim of the study was
to identify the strongest predictors of glenoid AP diameter,
height, and version within this patient cohort.

Understanding glenoid anatomical variations between gen-
ders and patients of different ethnicity will help surgeons set
individual goals for every patient in restoring the native
glenohumeral anatomy. These variations could also be taken
into account in designing patient specific implants.

Materials and methods

Basic science study; anatomic study

The study was approved by the University of Illinois at
Chicago Institutional Review Board, protocol #2012–0195.

An IRB approved retrospective collection and review of
shoulder computerized tomographic (CT) studies was per-
formed. One hundred and eight consecutive CT scans were
reviewed and analyzed. Scans were excluded if the patient
was skeletally immature, had a congenital limb abnormality,
had a history of previous orthopaedic surgery on the shoulder
studied, or if they had a history of trauma or fracture on the
studied shoulder. The glenoid version, AP diameter and
glenoid height were examined with the conventional measur-
ing method, described by Friedman [2]. The AP diameter was
measured on the axial cut with the greatest glenoid diameter
(Fig. 1). The glenoid height was measured on the coronal cut

with the greatest superoinferior diameter (Fig. 2). To find the
glenoid version, the middle portion of the glenoid cavity was
approximated using the first axial cut inferior to the coracoid
and was verified using a coronal cut. In non arthritic glenoids,
the midglenoid version has been found to be a good estimate
of the version found using a sphere model [8]. A line (X) was
drawn frommidpoint of glenoid fossa to the medial end of the
scapula (Fig. 3). A second perpendicular line (Y) to line (X)
was defined as neutral glenoid version. Line (Z) was drawn
from anterior and posterior margins of the glenoid face. The
angle between (Y) and (Z) was determined to be the glenoid
version measurement. If the posterior margin of line (Z) was
medial to line (Y) then this was determined to be retroversion
and recorded as negative. If vice-versa, then this was deter-
mined to be anteversion of the glenoid cavity and was record-
ed as positive.

Patient data including age, height, weight, BMI, and eth-
nicity were recorded and used for comparative analysis.
Hierarchical multiple regressionmodels were created to assess
the ability of gender, ethnicity, patient height, and weight to
predict variance in glenoid AP diameter, glenoid height, and
glenoid version. Scans were excluded from the regression if
any demographic data was missing leading to a sample size of
96 patients. Two predictors were entered in the first step of the

Fig. 1 Axial CT scan of the shoulder representing the largest AP
diameter of the glenoid

Fig. 2 Coronal CT scan of the shoulder representing the greatest
superoinferior glenoid diameter
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hierarchical multiple regression: patient height and weight.
Gender and ethnicity were added in the second step of the
regression models. African-Americans and females were used
as reference groups. No violation of the assumptions of nor-
mality (Shapiro-Wilk test), linearity (correlation coefficients),
multicolinearity (tolerance and Variance Inflation Factor), and
homoscedasticity (graphical boxplot and Levene’s test) were
observed. Independent-sample t-test was used to compare
continuous and categorical data. All calculations were per-
formed with SPSS Version 22.0 (IBM Corp., Armonk, NY,
USA). The significance level was set at 0.05 for all analyses.

Results

In total, 108 patients were identified and included in
this study. There were 53 males and 55 females with
an average age of 50.8 ± 19.4 years. The mean patient
height was 168 ± 12 cm. The mean patient weight was
80.4 ± 19.8 kg and the mean patient BMI was 28.6 ± 6.7.
There were 53 (49.1 %) left shoulders and 55 (50.9 %)
right shoulders included in the study. Due to patient
data missing from the electronic medical records, 96
patients were used in the regression models. The mean
glenoid AP diameter was 24.7 ± 3.5 mm and the mean
glenoid height was 31.7 ± 3.7 mm. The mean glenoid
version was 0.05 ± 9.1°. Detailed descriptive statistics
information for all variables is provided in Table 1.

The regression model examining the relationship be-
tween the predictors (patient height, weight, gender, and
ethnicity) and AP glenoid diameter was significant
(p< 0.001). Height and weight in step 1 of the model
explained 28.1 % of the variance in glenoid AP diam-
eter with both height and weight being significant pre-
dictors (p< 0.001 and p= 0.01 respectively). Using the
standardized beta coefficients, calculations for our
dataset were made: an increase in patient weight of
24.31 kg (53.6 lbs.) and an increase in patient height

of 9.6 cm (3.8 in. resulted in 1 mm increase in glenoid
AP diameter according to the first step of our model.
The introduction of gender and ethnicity in step 2 ex-
plained an additional 15.9 % in the variance of glenoid
AP diameter. After the addition of gender and ethnicity
as independent variables, height did not show to be a
significant predictor of glenoid AP diameter anymore
(p= 0.7). The correlation of patient weight and glenoid
AP diameter also slightly changed such that an increase
of 25.34 kg (55.9 lbs) in weight resulted in 1 mm in-
crease in AP diameter (p = 0.01). Unstandardized B

Fig. 3 Axial CT scan of the shoulder showing the glenoid version angle
measured between lines (Y) and (Z)

Table 1 Descriptive statistics for all variables evaluated in the study

Age (years) Mean 50.8

SD† 19.4

95 % CI* 46.68–54.68

Range 18.4–92.5

Gender (%) Female 55 (51)

Male 53 (49)

Side Left 53 (49.1)

Right 55 (50.9)

Race (%) African-American 36 (33)

Caucasian 38 (35)

Hispanic 13 (12)

Asian 5 (5)

Other 16 (15)

Patient height (cm) Mean 168

SD 12.8

95 % CI 165–171

Range 132–193

Patient weight (kg) Mean 80.4

SD 19.8

95 % CI 76.5–84.4

Range 43.5–146.5

Patient BMI Mean 28.6

SD 6.74

95 % CI 27.2–29.9

Range 16–57.2

Glenoid AP diameter (mm) Mean 24.7

SD 3.45

95 % CI 24–25.4

Range 15.6–34.1

Glenoid height (mm) Mean 31.7

SD 3.65

95 % CI 31–32.4

Range 23.4–44.9

Glenoid version (degree) Mean 0.05

SD 9.1

95 % CI −1.69–1.79
Range −22–23.1

† Standard deviation; * 95 % Confidence interval
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coefficients were used for interpretation of the relation-
ship between gender and ethnicity, and AP glenoid di-
ameter variables. The predicted male AP diameter was
3.4 mm larger than in females (p< 0.001). Patients of
Asian ethnicity exhibited 4.1 mm smaller glenoid AP
diameters than African-American patients (p= 0.002).

In step 1 of the second regression modeling the var-
iance in glenoid height, patient height, and weight were
int roduced explaining 23.1 % of the variance
(p< 0.001). Only patient height was a significant predic-
tor where an increase in height by 7.4 cm (2.9 in) re-
sulted in a 1 mm increase in glenoid height. After entry
of patient gender and ethnicity in step 2, the total var-
iance in glenoid height explained by the model was
33.7 % and gender appeared to be the significant pre-
dictor of glenoid height. Males had 2.9 mm larger
glenoid height compared to females (p= 0.002).

Step 1 of the third model trying to investigate the
ability of height and weight to predict degree of glenoid
version was not significant (p= 0.33). After introducing
the ethnicity and gender variables in step 2, the regres-
sion model explained 12.6 % of the variance in glenoid
version (p= 0.04) where males were shown to have 8.4°
more glenoid retroversion than females (p= 0.003). The
Hispanic cohort demonstrated 6.4° of additional glenoid
anteversion compared to African-Americans (p= 0.04).
No side-to-side variance in glenoid version was ob-
served in the study (p= 0.89).

Predicted values for glenoid AP diameter, height, and ver-
sion stratified by gender and plotted against patient height are
shown in Figs. 4, 5, and 6.

Discussion

The non-constrained anatomy of the glenohumeral joint cre-
ates a highly flexible articulation with a large arc of motion
[9]. Understanding native anatomy is essential for maximizing
function and minimizing complications during reconstructive
surgery. This study focused on understanding the size and
orientation of a normal glenoid cavity and how these param-
eters correlate with patient height, weight, gender, and ethnic-
ity. This information is valuable during the pre-operative eval-
uation for a total shoulder arthroplasty because non-anatomic
placement of the glenoid component can lead to increased
rates of instability, clinical, and radiographic loosening [6, 10].

This particular study demonstrated that the average human
glenoid version was approximately 0.05° (2.65±9.01° for fe-
males and −1.65±9° for males). Previous studies substantiat-
ed this finding, citing the average glenoid version to be close
to −1° [3, 9]. Severe deviation from this can both be adaptive
in high demand shoulders, or anatomic in different sexes and
can also result in glenohumeral instability [3, 9]. Our findings
are within the previously studied ranges.

This study identified gender as a significant independent
predictor of glenoid version, which confirms the results of
previous studies [3, 11, 12]. However, none of these studies
controlled for patient height and weight. In addition, the re-
sults of our analysis showed ethnicity to be an independent
factor determining glenoid version and AP diameter.
However, because our glenoid version regression model ex-
plained very low percent (12.6 %) of the variance in the de-
pendent variable, readers ought to interpret glenoid version
predictors with caution. Larger sample size ethnic groups will

Fig. 4 Predicted glenoid AP
diameter scores plotted against
patient height for males and
females and the corresponding
95 % CI for the mean
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be necessary to explore the precise relationship with glenoid
version. Furthermore, variables such as humeral version, hu-
meral neck-shaft angle, humeral head thickness, and radius of
curvature may play a role in explainingmore of the variance in
glenoid version. Churchill et al. found a difference in glenoid
version but did not report variance in glenoid size when com-
paring African-American and white patients [7].

Although patient height and weight correlated well with
patient glenoid diameters, they had no significant prediction
capacity for glenoid version. Female patients on average had a

glenoid that was in slight anteversion while males had a
retroverted glenoid. This may be related to activity level as
higher demand shoulders tend to be in a higher degree of
retroversion [3]. Certain past studies have failed to report this
difference; however, the majority of these did not study pre-
morbid shoulder anatomy [2, 7].

We found a significant difference in glenoid AP diameter
between African-American and Asian populations after con-
trolling for patient height. Our findings are based on a sample
of five Asian patient CT measurements. They may not be

Fig. 6 Predicted glenoid version
scores plotted against patient
height for males and females and
the corresponding 95% CI for the
mean

Fig. 5 Predicted glenoid height
scores plotted against patient
height for males and females and
the corresponding 95% CI for the
mean
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predictive for other datasets and larger sample ethnic groups
may be needed for obtaining narrower confidence intervals for
the predicted values. A larger sample size ethnic groups study
may be necessary to identify differences in glenoid version
among other ethnicities. Interestingly, Edelson found wide
variations amongst different ethnicities in humeral version,
however, they did not evaluate glenoid version in their cadav-
eric study [13].

Gender appeared to be the strongest predictor of glenoid
AP diameter and glenoid height. Even though, our male and
female cohorts had a significant mismatch in patient height,
males being 18.8 cm taller than females on average, the re-
gression model provides correlation between gender and the
dependent variables while keeping patient height constant.

Understanding differences in glenoid anatomy could help
surgeons optimize planning and subsequent procedures, and
also facilitate proper TSA instrumentation selection. Our data
suggest women have a native glenoid that is slightly smaller
and anteverted while men have a larger retroverted glenoid.
Surgeons should be aware of this variance, regardless of the
height and the weight of the patient. Other studies have exam-
ined the variances in glenoid surface area and humeral head
size among patients of different age [14]. Bockmann et al.
showed that older patients tend to have larger humeral heads
and increased glenoid surface areas compared with younger
patients [14]. The comparison was done in nonarthritic shoul-
ders to minimize the possibility of osteophites being the cause
for increased measurements in the older group. Interestingly,
the authors did not find any age difference in terms of glenoid
version in a study of 210 patient CT-scans [14].

In our multi-ethnic society, it does appear that surgeons need
to take racial data into consideration when determining not only
glenoid version and size, but also humeral head version [13].
Correction of pathologic glenoid anatomy during TSA has been
proven to improve glenohumeral biomechanics and lead to
better patient outcomes [5, 15]. Studies have shown that failure
to correct excessive glenoid retroversion at the time of TSA
leads to increased glenoid component shear stress and possible
failure [5, 15]. Modern prosthetic designs and surgical
techniques should be used in restoration of the native shoulder
anatomy and function to avoid posterior displacement of the
glenohumeral contact point and thus prevent early glenoid
loosening and implant failure [10, 16]. Evaluation of the
glenohumeral anatomy/pathoanatomy is also very important
in other reconstructive procedures about the shoulder such as
the ream and run procedure [17]. Unlike for TSA cases,
experienced surgeons tend to rely mostly on standardized
anteroposterior and true axillary radiographs for pre-operative
shoulder assessment of ream and run procedure candidates
[17]. This is mostly true for cases with less complicated pre-
operative glenoid pathoanatomy (no excessive posterior
glenoid erosion, double concavity, and posterior humeral head
subluxation). Complicated cases will still necessitate a more

comprehensive image of native glenoid anatomy that a CTscan
study has to offer.

There are several limitations of this study. First, while CT
scans were used to measure the glenoid, it may not be optimal
for pre-operative planning due to exposure to ionizing radia-
tion and the added cost [12]. MRI allows for characterization
of soft tissue, but it is limited in the ability to accurately quan-
tify bone loss when present [12]. Second, 3D-CT reconstruc-
tion was reported by several studies to be a more accurate
method of measuring glenoid version, which is not available
in the present study [1, 18]. However, the Friedman method
was found to have excellent test-retest and inter-observer re-
liability with intraclass correlation coefficients of more than
0.95 [19]. Other methods similar to the Friedman method of
glenoid version measurement, which correlate very well with
Friedman’s method and were also shown to be reproducible,
are described in the literature [20, 21]. They use a 2D CTaxial
cut of the shoulder as the conventional method, but are less
subjective to error coming from the variation in scapular con-
cavity, because their axes (to the medial end of the glenoid
endostal vault) are much shorter than the axis of the scapula
(to the medial scapular border) [20, 21]. However, these
methods tend to slightly exaggerate glenoid retroversion com-
pared with Friedman’s method.

Another limitation of the study is that the indication for
CT was not recorded. However, any patients with shoulder
bony pathology including arthritis were excluded to limit
any anatomy divergent from a normal population.
Furthermore, we did not record hand dominance, which
may affect glenoid version in active patients [3, 11].
Lastly, we restricted the number of independent variables
used in our regression models based on the sample size.
We had not performed an a priori power analysis and even
though the post hoc power analysis showed an achieved
power of 0.999, 0.997, and 0.966 (glenoid AP diameter,
glenoid height and version, respectively) we consider that
larger sample size ethnic groups will be necessary to explore
the precise multicultural relationship. Some authors recom-
mend a sample size of 50+8 m (m = number of independent
variables used in the regression) and other advocate having a
minimum of ten participants per predictor variable [22, 23].
Our models had a sample size of around 13 participants per
predictor variable, which is considered to be on the lower
border of the appropriate sample size for the number of
independent variables used in the regression. The regression
models for the glenoid AP diameter and height explained a
fair amount of the variability of the dependent variables and
demonstrated a good fit for our data. The regression model
for the glenoid version explained a very low percent of the
variability and interpretation of the results should be with
caution. Ideally, other glenohumeral measurements should
be included in future models to achieve better explanation
of the variance in glenoid version data.

2352 International Orthopaedics (SICOT) (2016) 40:2347–2353



This study demonstrates that patient gender and ethnicity
should be considered irrespectively of patient weight and
height when attempting to recreate native anatomy during
TSA. By understanding the dimensions of a non-pathologic
shoulder, procedures such as TSA can be better tailored to fit
the patients’ anatomy and potentially lead to a reduction in
glenoid loosening and implant failure.

Conclusion

Gender is the strongest independent predictor of glenoid size
and version. Males exhibit a larger size and more retroverted
glenoid than females. Patient height was found to be predic-
tive of glenoid size only in patients of the same gender.
Although variations in glenoid size and version are observed
among ethnicities, larger sample size ethnic groups will be
necessary to explore the precise relations. Surgeons should
consider gender and ethnic variations in the pre-operative
planning and surgical restoration of the native glenohumeral
relationship.
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