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Background: Reverse shoulder arthroplasty is becoming an increasingly common surgical procedure in
Hong Kong, as well as in many other countries worldwide. The aim of this study is to describe the glenoid
anatomy in the Southern Chinese population. We are interested to know whether commercially available
glenoid implants are suitable for this population and whether there are any steps or precautions we can
take during surgery to optimize the clinical outcome for these patients.
Method: A total of 244 shoulders of Southern Chinese patients were analyzed using 2-dimensional
computed tomography, formatted to align along the scapular axis. The anatomic parameters analyzed
included the shape, axial configuration, maximum width, maximum height, version, and presence of
bone defect.
Results: In our study, 76.6% of glenoids were pear-shaped, 23.0% were elliptical, and only 0.4% were
inverted pear in shape. Of all glenoids, 95.1% of glenoids had posterior-prominent axial configuration,
whereas 4.9% had neutral axial configuration. The mean maximum glenoid height for both genders was
33.8 mm, whereas the mean maximum glenoid height was 32.2 mm for women and 36.6 mm for men.
The mean maximum glenoid width for both genders was 25.8 mm, whereas the mean maximum glenoid
width was 24.8 mm for women and 27.3 mm for men. The differences in measurements between genders
were statistically significant. Of all glenoids, 46.3% of the glenoids were retroverted, whereas 53.7% of the
glenoids were anteverted. The mean version for both genders was 0.77 degrees anteversion. The mean
version was 1.16 degrees anteversion for women and 0.10 degrees anteversion for men. Of the 244
glenoids, 4 had bone defects. In our study, 39.8% of patients had mean maximum glenoid widths that
were less than 25 mm, which is the smallest size available for most conventional glenoid baseplates.
Conclusion: A significant portion of the Southern Chinese population has glenoid widths that are
smaller than the smallest commercially available glenoid baseplates. Understanding the glenoid anatomy
is crucial in the case of reverse shoulder arthroplasty, as it has significant implications in implant design,
operative planning, and surgical outcomes.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The anatomy of the glenoid, particularly in the Caucasian and
African-American population, has been well-documented in
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numerous cadaveric and radiologic studies. The
anatomic parameters of interest, especially in reverse shoulder
arthroplasties, include the shape, height, width, version, and
presence of bone defect in the glenoid.

Previous studies have noted some differences in the glenoid
anatomy between different populations of patients. For example,
Churchill et al6 reported that glenoids of Caucasian patients tend to
be more retroverted compared with those of African-American
patients. These studies also described significant differences in
the glenoid anatomy between genders.2,6,27,28 The version of the
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Figure 1 CT reformatted using Osirix software. Orange line: medial scapular body. Blue line: trans-scapular axis. Purple line: Center of best fit circle/point with widest glenoid width.
CT, computed tomography.
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glenoid also varied between patients with healthy glenoids and
those with shoulder pathology such as rotator cuff tears, gleno-
humeral joint arthritis, and chronic dislocations of the
shoulder.8,15,31

It is useful to know these anatomic parameters when planning
for reverse shoulder arthroplasties. As the glenoid is notorious for
having limited bone stock, understanding its anatomy can allow us
to better position the glenoid component so as to achieve maximal
bone purchase during its fixation.31 A poorly positioned glenoid
component has often been linked to suboptimal functional
outcome and increased risk of glenoid component-related com-
plications such as loosening.11,13,14,18,20,22,40,48 Studies about the
glenoid anatomy and the biomechanics of the glenohumeral joint
have also contributed to the evolution of the glenoid component
design over the years, which may translate to better surgical out-
comes for patients undergoing this procedure.1,5,16,22,26,32,34,36,43,44

The aim of this study is to describe the glenoid anatomy in the
Southern Chinese population, which we currently serve. We are
interested to see how the anatomic parameters of the glenoids in
this population compare with those analyzed in previous studies
and its clinical implication.

Methods

This is a retrospective study including all patients who were
admitted to our district hospital from 2012 to 2019 for shoulder
injuries and had plain 2-dimensional (2D) computed tomography
(CT) scans of the shoulder done. Skeletally immature patients, pa-
tients with fractures involving the glenoid or scapula, infection, and
tumors involving the glenoid or scapula, as well as those with
significant glenohumeral arthritis were excluded from the study.
The 2D CT scans were formatted to alignwith the axis of the scapula
(along the medial border of the scapular body and trans-scapular
axis) using the Osirix software (Fig. 1).

The glenoid shape was classified into 3 types based on the ratio
of the glenoid width at the superior third to the inferior third of the
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glenoid, measured on the sagittal view of the CT scan. The 3 types of
glenoid shape were pear (ratio < 0.8), elliptical (ratio 0.8-1.2), and
inverted pear (ratio > 1.2) (Fig. 2).

The axial configuration of the glenoidwas classified into 3 types:
posterior-prominent, neutral, and anterior-prominent (Fig. 3). The
axial cut used to determine the axial configuration of the glenoid
was at the level of the center of the best-fit circle.

The maximum glenoid width was the distance from the most
anterior to most posterior points of the glenoid on the axial view.
The maximum glenoid height was the distance from the most su-
perior to the most inferior points of the glenoid on the coronal
view.

The glenoid versionwas calculated using the trans-scapular axis
as reference, at the level of the center of the best-fit circle. The
version was 90 degrees minus the anterior angle between the
trans-scapular axis and a line connecting the most anterior and
posterior points of the glenoid surface (Fig. 4).15,49

Presence of bone defect was noted and quantified using the
“best-fit circle” method (Fig. 5).37,49

The measurements were first made by the same observer twice,
months apart. A second observer was invited to measure the pa-
rameters again. The average of all 3 measurements was taken.
Interclass correlation coefficients were 0.95 for intraobserver
agreement and 0.94 for interobserver agreement.

The data collected were analyzed using the IBM SPSS Statistics
program (IBM, Armonk, NY, USA). We defined a P-value of <0.05 as
statistically significant. Analyses of the shape, axial configuration,
and type of version between both genders were performed using
frequency tables and the Pearson Chi-square test. We applied the
independent-sample T-test for analyses of the glenoid heights,
glenoid widths, and the degrees of version for both genders. A
frequency table was constructed to document the presence of bone
defect.

Ethics reviewand approval were obtained for this study, granted
by the Joint Chinese University of Hong Kong-New Territories East
Cluster Clinical Research Ethics Committee on April 2020.



Figure 2 Glenoid shape.
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Results

A total of 244 patients were included in this study; of which, 150
were women and 94 were men. The mean age for the female pa-
tients was 69.1 years, whereas the mean age for the male patients
was 55.2 years. The overall mean age was 64.0 years (range 16-97
years) (Fig. 6). All of these patients had CT scans performed owing
to “shoulder injury” as the indication and were then found to have
different diagnoses afterward (Fig. 7).

Of the glenoids, 76.6% (n ¼ 187) of glenoids were pear-shaped,
whereas 23.0% (n ¼ 56) were elliptical. Only 0.4% (n ¼ 1) of gle-
noids were inverted pear in shape.

Of the glenoids, 95.1% (n ¼ 232) of glenoids had posterior-
prominent axial configuration, whereas 4.9% (n ¼ 12) had neutral
axial configuration. None of the glenoids had anterior-prominent
axial configuration.

The mean maximum glenoid height for both genders was 33.8
mm. The mean maximum glenoid height was 32.2 mm for women
and 36.6 mm for men. The difference in means was statistically
significant between genders (P ¼ .000) (Table I) (Fig. 8).
Figure 3 Axial configuration of the glenoid.
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The mean maximum glenoid width for both genders was 25.8
mm. The mean maximum glenoid width was 24.8 mm for women
and 27.3 mm for men. Again, the difference in means was statisti-
cally significant between genders (P ¼ .000) (Table I) (Fig. 9).

Of the 244 glenoids, 113 (46.3%) were retroverted, whereas 131
(53.7%) were anteverted. The mean version for both genders was
0.77 degrees anteversion. The mean version for women was 1.16
degrees anteversion and for menwas 0.10 degrees anteversion. The
difference in versions was not statistically significant between
genders (P ¼ .225) (Table I).

Of the 244 glenoids, only 4 had bone defects (1.6%).

Discussion

We compared our data with those reported in previous cadav-
eric and radiologic studies. Most of the studies, especially the
earlier studies, were on Caucasian and African-American
patients.2e4,6,7,9,12,21,25,27e30,41,43,47

Similar to these studies, we found most glenoids in our study
were pear-shaped, whereas the remainingwas elliptical.3,21,43 None
of the studies mentioned an “inverted pear”eshaped glenoid. The
solitary inverted peareshaped glenoid in our study was a result of
significant bone loss at the glenoid. The pear-shaped glenoid would
be most favorable in reverse shoulder arthroplasties, as majority of
the bone stock is concentrated at the inferior third of the glenoid,
which corresponds to the ideal position of the baseplate.10,11,17,35,42

Inferior placement of the baseplate is important to avoid
impingement over the scapula by the humeral tray.10,11,17,35,42 In our
population, it is usually difficult to accommodate all 4 screws for
fixation of the baseplates onto the smaller glenoids. A pear shape
would be most ideal in such situations as its largest width is at the
inferior part of the glenoid, which allows for maximal contact
surface area of the baseplate at its ideal position. In the case of
“inverted pear”eshaped glenoids, strategies to improve the bone
stock at the inferior third of the glenoid, such as bone grafting, may
need to be considered.33,37 In some circumstances, the baseplate
may need to be fixed at a less-than-optimal position to obtain the
best bone purchase and stable fixation. In this case, wemay need to
rely on the modular offset design of the glenosphere to achieve an
optimal inferior shift or tilt.

Previous studies did not take into account the axial configura-
tion of the glenoid or how it affects preoperative planning in the



Figure 4 Glenoid version.
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case of reverse shoulder arthroplasty.2e4,6,7,9,12,21,25,27e30,41,43,47

Conventionally, the baseplate is thought to be best placed at
anatomical center of the glenoid. However, we found that majority
of our patients have posterior-prominent glenoids. Putting the
glenoid baseplate at the anatomical center may lead to risk of
posterior cortex blowout and result in shorter lengths of the central
peg and posterior screws, especially for those with small glenoid
widths to begin with. Jha et al23 recommended for the baseplate to
be positioned more anteriorly on the axial plane in their Japanese
female patients for this very reason. Preoperative assessment of the
Figure 5 Calculation
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axial configuration of the glenoid is essential in helping us decide
the optimal location of the baseplate in this plane, as well as to help
plan the trajectory and length of the central peg and screws to be
used. A custom-made patient-specific guide for screw insertion can
also be considered for patients with significant bone loss or
abnormal anatomy.

The definitions for the mean maximum glenoid heights and
widths were similar across the different studies that used CT scans
for analyses.2,4,28e30,43,47 However, in the case of analyzing 2D CT
scans, a significant limitation in obtaining accurate measurements
of bone defect.



Figure 6 Age distribution of study population.
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lie in the scapular rotation, which is affected by the positioning of
the patient on the CT table. To overcome this, some authors have
recommended the use of 3-dimensional (3D) CT radiographs for
preoperative planning, though this resource may not be readily
available across different orthopedic centers.19,39,46 Another option
is to reformat the 2D CT scans so that it is aligned to the scapular
axis (along the medial border of the scapular body and trans-
scapular axis).45

It is worth noting that 97 (39.8%) of the patients in our study had
mean maximum glenoid widths that were less than 25 mm. The
size options for conventional glenoid baseplates are quite limited,
with 25 mm being the smallest size available for most systems.
Most systems also allow insertion of up to 4 peripheral screws. For
the 39.8% of patients from our study, the size of the commercially
available glenoid baseplates is too large and may result in risk of
glenoid baseplate overhang in the anterior-posterior dimension as
well as render insertion of all 4 peripheral screws, especially the
Figure 7 Indications for 2D CT scans of the shoulder by dia
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anterior and posterior screws, difficult if not impossible.23,24 This
may result in weaker fixation of the baseplate to the glenoid,
leading to poorer clinical outcome.38 The development and use of
custom-made patient-specific implants may be considered in such
cases of patients with particularly small glenoid widths.

As reverse shoulder arthroplasty is becoming increasingly
popular over the years, there has been a rise in the number of
anatomic studies on the Asian population. Many of the existing
studies’ discussions and conclusions raised similar concerns that
currently available glenoid implants may not be suited for the
smaller sized Asian population.2,4,23,24,29,30 Table II is a summary of
the data compiled from these studies involving different pop-
ulations, for comparison with the measurements in our
study.2,4,6,7,12,21,25,27e30,43,47

The glenoids in our study were more anteverted, as most of the
aforementioned studies described mean versions that were retro-
verted. One exception is a study conducted by Friedman et al,15
gnoses. CT, computed tomography; 2D, 2-dimensional.



Table I
Data analyses for glenoid height, glenoid width, and glenoid version for both
genders

Gender Mean maximum glenoid height Standard deviation

Both 33.8 3.180
Male 36.6 2.659
Female 32.2 2.165
Difference between genders is statistically significant (P < .05)

Gender Mean maximum glenoid width Standard deviation

Both 25.8 2.423
Male 27.3 2.258
Female 24.8 2.017
Difference between genders is statistically significant (P < .05)

Gender Mean version Standard deviation

Both þ0.77 6.569
Male þ0.10 6.206
Female þ1.16 6.741
Difference between genders is not statistically significant (P ¼ .225)
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which reported a mean of 2 degrees anteversion when analyzing
the 2D CT scans of 63 healthy glenoids.Werner et al46 compared the
measurements of glenoid version on reformatted 2D CT scans with
measurements from 3D CT scans and found that the versions from
the 2D CT scans were more anteverted than the 3D measurements.
They then concluded that the measurement of the glenoid version
on reformatted 2D CT scans was less accurate compared with that
of 3D measurements.19,39,46 We should thus keep in mind the
possible discrepancy in the version measured on the 2D CT scans
compared with the actual glenoid when preparing for surgery. This
makes intraoperative assessment of the glenoid version all the
more essential.

The glenoid version affects our orientation of the glenoid
component during shoulder arthroplasties. Studies by Farron
et al,13 Shapiro et al,40 and Yian et al48 have suggested that retro-
verted glenoids are associated with poorer functional outcomes
and early loosening of the glenoid components. For glenoids with
retroversions of more than 10 degrees, Farron et al13 recommended
intraoperative correction of the version.

All 4 glenoids that were documented to have bone defects in our
study were related to history of shoulder dislocations. It is impor-
tant to take note of any bone loss when preparing for reverse
shoulder arthroplasty as it is crucial in the fixation and positioning
Figure 8 Distribution of glenoi
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of the glenoid component.37 Bone grafting may be considered in
select cases to optimize surgical outcome.33

Although preoperative CT scans of the shoulder can give us a
general idea about the glenoid morphology to aid in our surgical
planning, there are some measures that we can take intra-
operatively to improve on our glenoid implant fixation. Meticulous
clearance of the glenoid rim, including soft tissue and labrum, can
help us assess the exact size and configuration of the glenoid. Direct
visualization of the glenoid, careful intraoperative assessment us-
ing finger palpation along the glenoid neck and X-ray guidance can
help us confirm the ideal trajectory during insertion of the screws
and central peg of the baseplate.

There are several weaknesses to our study. First, we made the
assumption that patients who had 2D CT scans of the shoulder
performed on admission to our unit because of shoulder injury
were representative of the normal population. We think it is a fair
assumption to make, as it would be highly difficult for us to obtain
ethics board approval for a study that exposes the normal asymp-
tomatic population to radiation. We hope that having a sizeable
sample size and random sampling based on clinical admission is
sufficient in representing the population we are interested in. In
addition, we think that the patients whowere included in our study
were particularly relevant to the study, as these were the patients
who may potentially benefit from reverse shoulder arthroplasty for
their conditions. In fact, 17 of these patients did end up having
reverse shoulder arthroplasties performed.

Second, our analyses of the axial configuration were qualitative
in nature. We did not have a quantitative measure to evaluate the
extent of the posterior-prominence, which may be more
informative.

Third, wementioned the limitations of 2D CT scans inmeasuring
glenoid parameters compared with 3D CT scans, especially in the
case of the glenoid version. It should also be noted that 55 (22.5%)
of the patients in our study had anterior dislocations or fracture
dislocations of the shoulder joint. This may result in a bias in the
calculation of the version, as patients with anterior glenoid ver-
sions may be more prone to such dislocations.
Conclusion

A significant portion of the Southern Chinese population has
glenoid widths that are smaller than the smallest commercially
available glenoid baseplates.
d height for both genders.



Table II
Comparison of glenoid height and glenoid width across different studies

Study Number of glenoids studied Type of study Country Race/Ethnicity Mean glenoid height Mean glenoid width*

Both genders Male Female Both genders Male Female

Churchill et al.6 144 Cadaveric America Caucasian 37.4 32.5 28.1 23.8
Churchill et al.6 200 Cadaveric America African American 37.6 32.7 27.6 23.4
Iannotti et al.19 140 Cadaveric America 39 29
Kwon et al.23 12 Cadaveric America 37.8 26.8
Kwon et al.23 12 CT scan America 39.1 25.2
Mallon et al.25 28 Cadaveric America 38 36.2 28.3 23.6
Mathews et al.26 18 Cadaveric and CT scan Switzerland Swiss 36.6 39.5 34.8 27.8 30.3 26.2
El-Din et al.11 160 Cadaveric Egypt Egyptian 39 28.2
Coskun et al.7 90 Cadaveric Turkey Turkish 36.3 24.6
Cabezas et al.2 92 CT scan America North American 35.8 38.4 33.3 28 30.5 25.6
Mizuno et al.28 100 CT scan Japan French 35.4 37.3 33.5 26.7 28.7 24.7
Cabezas et al.2 58 CT scan South Korea East Asian 33.4 34.3 31.9 25.7 25.7 23.7
Mizuno et al.28 100 CT scan Japan Japanese 33.3 35.3 31.4 25.5 27.4 23.5
Meshram et al.27 200 CT scan India Indian 33.9 36.1 31.7 24.2 25.8 22.6
Cheung et al.4 70 CT scan Hong Kong Southern Chinese 37.4 39.1 34.4 28.6 30.2 25.8
Yang et al.44 56 CT scan China Chinese 35.8 27.3
This study 244 CT scan Hong Kong Southern Chinese 33.8 36.6 32.2 25.8 27.3 24.8

CT, computed tomography.
* for studies that recorded mean superior and inferior glenoid widths, the inferior glenoid widths, which have larger measurements, are included in this table.

Figure 9 Distribution of glenoid width for both genders.
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Understanding the glenoid anatomy is crucial in the case of
reverse shoulder arthroplasty, as it has significant implications in
implant design, operative planning, and surgical outcomes.
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