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Abstract
Purpose The purpose of this study was to investigate glenoid
morphology and define the safe zone for protecting the
suprascapular nerve baseplate screw during baseplate fixation
in reverse shoulder arthroplasty (RSA) in a Chinese
population.
Methods Shoulder computed tomography (CT) scans from 56
subjects were retrospectively reviewed. Three-dimensional
(3D) reconstruction was performed using Mimics software,
and corresponding bony references were used to evaluate
glenoid morphology. To standardize evaluation, the coronal
scapular plane was defined. Safe fixation distances and screw
placements were investigated by constructing a simulated cut-
ting plane of the baseplate during RSA.
Results Mean glenoid height was 35.83 ± 2.95mm, and width
was 27.32 ± 2.78 mm, with significant sexual dimorphism
(p < 0.01). According to the cutting plane morphology, the
average baseplate radius was 13.84 ± 1.34 mm. The distances
from the suprascapular notch and from two bony reference
points at the base of the scapular spine to the cutting plane
were 30 .27 ± 2 .77 mm, 18 .39 ± 1 .67 mm and
16.52 ± 1.52 mm, respectively, with a gender-related differ-
ence. Based on the clock face indication system, the danger zone
caused by the suprascapular nerve projection was oriented be-
tween the two o’clock and eight o’clock positions in reference to
the right shoulder.

Conclusions Glenoid size and the safe zone for screw fixation
during RSA were characterized in a Chinese population.
Careful consideration of baseplate fixation and avoidance of
suprascapular nerve injury are important for improved clinical
outcome.
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Introduction

Reverse shoulder arthroplasty (RSA) has been widely used as
a cost-effective surgical treatment with positive clinical out-
comes to relieve pain and restore function in patients with
severe rotator cuff arthropathy and glenohumeral arthritis
[1–3]. Importantly, optimal implant positioning and ability to
restore the original anatomy contributes to improved implant
quality and fewer complications.

When implanting the glenoid component, considerations
should be made for the suprascapular nerve due to its unique
anatomy and the difficulty of its identification in rotator cuff
arthropathy. This nerve arises from the C5 and C6 nerve roots,
traveling towards the superior glenoid rim at the level of the
suprascapular notch. After entering the supraspinous fossa, it
curves around the base of the scapular spine at the
spinoglenoid notch, then runs away from the inferior glenoid
rim in a medial direction (Fig. 1). Given the route of the
suprascapular nerve along the posterior surface of the scapula,
surgeons should pay close attention to avoid nerve injury dur-
ing placement of the fixation screws in the neck of the scapula
[4, 5].

Neurological complications of RSA have been reported
with an incidence of 0.6–3.6% [6, 7], which is higher than
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anatomic total shoulder arthroplasty, possibly due to the re-
quirement of securing the glenoid component with multiple
screws [6]. A cadaveric study by Molony et al. [8] demon-
strated that prominent posterior and superior screws could
damage or over-penetrate the suprascapular nerve when dril-
ling. Similarly,Wang et al. [9] reported a case of suprascapular
neuropathy secondary to RSA, caused by a perforating supe-
rior screw. Hart et al. [10] concluded, also with a cadaveric
study, that either the suprascapular nerve or artery was vulner-
able to injury by the posterior fixation screw. Injury to the
nerve could lead to increased post-operative pain and subop-
timal outcomes, which could demand further medical inter-
vention [11]. A better understanding of glenoid morphology
and adjacent anatomic structures is necessary to ensure proper
sizing and correct placement of prosthetic components, which
would contribute to minimizing complications and reducing
the rates of implant failure [6, 12].

Previous anatomic evaluations, shedding light on facilitat-
ing RSA and avoiding implant complications have been con-
ducted using human cadavers or isolated scapular bones [8,
10, 13–15]. However, the morphological measurements in
most cadaveric studies were based on the glenoid surface,
instead of the cutting plane of RSA. In addition, there have
been few studies recommending the drilling distances and
location of the safe zone for screw placement during RSA,
especially in the Chinese population. Three-dimensional
(3D) reconstruction and simulated surgical segmentation have
been confirmed to be effective and accurate in both preopera-
tive planning [16, 17] as well as prosthesis design [18].
Therefore, the present study was conducted using 3D recon-
struction techniques to evaluate the geometry of the glenoid
surface in a healthy Chinese population, and to define the safe
zone as well as the appropriate length of fixation screws to
avoid injury of the suprascapular nerve during RSA.

Materials and methods

Study subjects

The study was approved by the institutional review board of
China–Japan Union Hospital of Jilin University. Shoulder

computed tomography (CT) scans from patients who attended
our hospital for the diagnosis of proximal humeral fractures
from January 2013 to December 2016 were retrospectively
reviewed from the hospital Picture Archiving and
Communication System (PACS) database. A total of 56 nor-
mal shoulders (average patient age: 53.09 years, range: 35–
75 years) were included for analysis, whereas 37 shoulders
were excluded due to glenoid fractures, surgical history, or
degenerative changes.

Image analysis and measurements

Shoulder CT scans were performed with a Toshiba brand
Aquilion CT scanner (120 kVp; 320 mA; 512 × 512 matrix;
slice thickness, 1.0 mm) at the China–Japan Union Hospital of
Jilin University. All slices were saved in Digital Imaging and
Communications inMedicine (DICOM) format, and imported
into Mimics 17.0 software (Materialize, Leuven, Belgium) for
3D reconstruction. As previously reported [19], four extreme
glenoid poles of the glenoid articular surface were selected on
each scapular model. The height (h) and width (w) of the
glenoid fossa were measured to determine the glenoid size
(Fig. 2a). Following simulated segmentation, the glenoid sur-
face was marked and the surface centre (O) was calculated as
its centre of gravity [19, 20]. The coronal scapular plane [19]
was defined to standardize the position of the shoulder model,
which involved the inferior angle of the scapula (IA), the
scapula trigonum (ST) (junction of the scapular spine and
medial scapular border), and the center of the glenoid surface
(Fig. 2b). The transverse axis was defined as a line connecting
the scapula trigonum and the center of the glenoid. According
to previous literature [12, 20], it is recommended that the RSA
component be placed at 10° of inferior inclination to reduce
scapular notching and mechanical failure. Herein, a corre-
sponding cutting plane was generated with respect to the
transverse axis in both 2D and 3D imaging environments
(Fig. 2c and d).

Given the anatomic trajectory of the suprascapular nerve,
one bony reference point at the level of the suprascapular
notch (A) and two bony reference points at the base of the
scapular spine (B, C) were selected (Fig. 3). The 3D model
and simulated cutting plane were then imported into 3-Matic

Fig. 1 The anatomy of the course
of the suprascapular nerve from
(a) anterior view, (b) lateral view
and (c) posterior view. (An
original figure)
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9.0 software (Materialize, Leuven, Belgium). Accordingly,
the best-fit circle of the cutting plane was determined, and
measured as a morphological index of the glenoid fossa. In
the present study, the best-fit circle (glenoid baseplate) was

placed as inferiorly as possible to prevent notching [21].
Based on the superior point of the glenoid rim (U) and the
centre of baseplate circle (O′) as suggested [14, 22], a line was
drawn to act as the Y axis and to establish the projected coor-
dinate system. Subsequently, the bony reference points were
projected to the cutting plane to characterize the safe zone and
limiting distance for inserted screws.

Statistical analysis

All data were categorized according to gender and side of the
body (left or right), and differences were assessed using inde-
pendent sample t-tests. Correlations between two continuous
indices were analyzed using Spearman’s correlation coeffi-
cient. For assessing inter-observer reliability, two analysts per-
formed point selection and corresponding measurements in-
dependently. For assessing intra-observer reliability, measure-
ments were repeated one month later by the same analysts.
Intraclass correlation coefficient was used to calculate inter-
observer and intra-observer effects. A post-hoc power calcu-
lation was determined by the statistical power analyses G
Power 3.1 [23] to eliminate type II error. All statistical analy-
ses were performed using SPSS version 21.0 (SPSS, Chicago,
IL, USA), and a p value <0.05 was considered statistically
significant.

Fig. 2 a The anatomical
landmarks on each scapular
model are the glenoid poles, used
to measure the glenoid fossa
height (h) and width (w). The
green meshed model is the
glenoid surface, and pointO is the
calculated glenoid surface centre.
b The coronal scapular plane:
three points (connected by black
dotted lines) placed at the inferior
angle (IA) of the scapula, the
scapula trigonum (ST), and the
centre of the glenoid surface (O).
c In a 2D coronal scapular plane,
the simulated cutting plane was
constructed at 10° of inferior in-
clination according to the trans-
verse axis. d The 3D reconstruct-
ed image of the simulated cutting
plane and scapular model

Fig. 3 Simulated cutting plane and projections of corresponding bony
reference points. The red plane represents the cutting plane, and the
corresponding bone was removed. The red circle represents the best-fit
circle. Point A is the suprascapular notch. Points B and C are the bony
border at the base of the scapular spine, at the spinoglenoid notch. Point U
is the superior point of glenoid rim, and point O′ is the centre of the best-
fit circle with the radius of r. a, b and c represent the corresponding safe
distances
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Results

The anatomy of the glenohumeral joint and corresponding
bony structures were evaluated following 3D reconstruction.
The size of the glenoid fossa and the projection distance from
the bony reference points towards the cutting plane are sum-
marized in Table 1. Intraclass correlation coefficient results of
the intra-observer and inter-observer reliabilities for all the
measurement indices, evaluated by the one-way random ef-
fects model, ranged from 0.94 to 0.97 and from 0.87 to 0.95,
respectively. Post-hoc power analysis showed a power > 0.78
for detecting a significant difference.

With respect to the safe screw distance, the limit for the
distance from the cutting plane to the nerve at the
suprascapular notch was 25.43 mm, and to the base of the
scapular spine was 13.38 mm. No significant difference was
observed between the left and right shoulders. However, all
indices measured in the present study confirmed significant
gender differences (Table 2). As listed, the measurements in
men were significantly larger than those in women (p < 0.05),
in both glenoid size and safe distances. Further, the safe zone
of the scapulae of men was within 26.57 mm for distance a,
and 13.83 mm for distance c, while the corresponding dis-
tances of women were within 25.43 mm and 13.38 mm, re-
spectively. There was high correlation between the glenoid
height and width (r = 0.77, p = 0.00). The correlation indices
calculated between the height or width, compared to the radius
were 0.813 and 0.992, respectively. In addition, the correlation
indices regarding safe distances are summarized in Table 3.

The projections of the bony reference points were present-
ed as dot plot (Fig. 4). Based on the coordinate system de-
scribed above, the danger zone caused by the suprascapular
nerve projection was oriented between the two o’clock and
eight o’clock positions in reference to the right shoulder. With
the origin of coordinates, a standard baseplate is also depicted.
Accordingly, the projection areas of B and C (Fig. 4) were

defined as danger zone I, which was mainly at risk of the
posterior screw, while the projection area of A was defined
as danger zone II and was associated with risk from the supe-
rior screw.

Discussion

Glenoid morphological evaluation and the optimization of
baseplate fixation are important for a successful RSA proce-
dure. In the present study, we measured the glenoid fossa and
proposed the definition of a safe zone for avoiding injury to
the suprascapular nerve caused by penetrating screws during
RSA in a Chinese population.

Compared with conventional two-dimensional radio-
graphs, 3D reconstructions from CT scans are independent
of scapular orientation, allowing for more accurate measure-
ment and pre-operative planning [24, 25]. In addition, several
biomechanical studies concerning screw configuration and
component position have demonstrated that inferior tilt of
the baseplate is associated with reduced scapular notching
[12, 26] and provides better biomechanical fixation [20].
Therefore, accurate screw drilling distances and safe zone
identification cannot be obtained through simple cadaveric
studies, which are measured in reference to the glenoid sur-
face. Compared to the limited sample source of cadaveric
subjects, CT-based models are more accessible and accurate
for safe zone definition and personalized pre-operative plan-
ning. To our knowledge, this is the first study to present quan-
titative 3D morphological analysis and safe zone measure-
ments concerning screw fixation in RSA, especially for a
Chinese population.

Surgeons have been concerned that the size of commercial-
ly available RSA baseplates were too large for the Asian pop-
ulation [21, 27], but few anatomical studies have addressed
these concerns. Our data showed that the average glenoid
height and width were 35.8 mm and 27.3 mm, and highly
correlated with each other (r = 0.769). In comparison, the
glenoid dimensions in other populations have been reported
as 39.5 mm and 31.0 mm in the United States [28], 41.3 mm
and 29.4 mm in France [29], 31.5 mm and 23.1 mm in Japan
[30], and 36.6 mm and 27.8 mm in Switzerland [31]. In addi-
tion, we demonstrated that glenoid size was significantly larger
in men compared to women, which confirmed the previous
finding that gender is the strongest independent predictor of
glenoid size [32]. In our study, the average diameter of the best-
fit circle was 27.7 mm, which is smaller than the standard 29-
mm baseplate. An anatomical and clinical study in a Korean
population [21] arrived at similar conclusions, and indicated
difficulty in inserting the standard baseplate intra-operatively,
especially in some female patients. Implantation of an over-
sized baseplate can result in insufficient bone-implant contact
and bone stock for screw fixation. Furthermore,

Table 1 The projection distance measurements from bony reference
points towards the cutting plane

Parameters Mean ± SD (mm) 95% CI (mm) Range (mm)

h 35.83 ± 2.95 35.04–36.62 30.98–43.26

w 27.32 ± 2.78 26.57–28.06 22.62–34.42

r 13.84 ± 1.34 13.48–14.20 11.54–17.21

a 30.27 ± 2.77 29.53–31.02 25.43–37.61

b 18.39 ± 1.67 17.94–18.83 15.02–22.59

c 16.52 ± 1.52 16.11–16.92 13.38–19.72

SD standard deviation, CI confidence interval

Parameter definitions: h, height of the glenoid fossa; w, width of the
glenoid fossa; r, radius of the best-fit circle (baseplate); a, b, and c, safe
distances of projections to the cutting plane from A, B and C, respective-
ly; A, suprascapular notch; B and C, bony border of the base of the
scapular spine
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oversized baseplates have been reported to cause more
micromotion and less impingement-free range of motion
[33], which would likely lead to early glenoid loosening.
Accordingly, the quantitative analysis in the present study will
be useful to determine the size of RSA implants and to improve
the clinical outcomes of shoulder arthroplasty for Chinese
patients.

Rigid and safe screw fixation in RSA is achieved by pur-
suing deeper bone stock while avoiding injuries to the adja-
cent neurovascular structures. Normal glenoid version incli-
nation varies over a wide range of values [34], thus the glenoid
surface may not be an appropriate choice for the analysis of
safe screw fixation in RSA. As summarized in Table 4, several
previous studies on human cadavers have addressed the issue
of safe screw drilling distance. However, in the present study,
both distances referring to the superior and posterior screws
were smaller than those previously published, especially when
compared with the Caucasian population.

According to the clock face indication system, the modified
danger zone was oriented between the two o’clock and eight
o’clock positions in reference to the right shoulder. As illus-
trated in Fig. 4, the projections of points B and C were defined
as danger zone I, regarding the short safe distance and the
adjacent positionwith origin of coordinates. The suprascapular
nerve is more vulnerable to injury by the posterior fixation
screw in danger zone I. While in danger zone II, defined by

the projection area of point A, a relatively longer safe distance
for superior fixation screw is permitted. Similarly, a cadaveric
study byMolony et al. [8] concluded that the baseplate fixation
during RSA, the posterior screw exhibited a more significant
risk than the superior screw, which carries the risk of injuring
both the main trunk and glenohumeral articular branch of the
suprascapular nerve. A safe border of the glenoid rim has been
recommended byNathan et al. to be the vertical axis across the
supraglenoid and infraglenoid tubercle [10]. Our findings also
confirmed that the suprascapular nerve is potentially at risk by
the superior screw anterior to the safe border.

We also noticed a significant difference in safe distances be-
tween male and female patients. In addition, the limiting screw

Table 2 Gender differences in glenoid morphology measurements

Parameter Height (mm) Width (mm) Radius (mm) a (mm) b (mm) c (mm)

M F M F M F M F M F M F

Mean 38.14 34.22 29.65 25.69 14.96 13.06 31.84 29.18 19.13 17.87 17.07 16.13

Variance 2.30 2.20 2.38 1.66 1.14 0.81 2.83 2.18 1.64 1.51 1.27 1.57

Minimum 33.50 30.98 25.07 22.62 12.81 11.54 26.57 25.43 15.51 15.02 13.83 13.38

Maximum 43.26 39.61 34.42 29.70 17.21 14.93 37.61 34.90 22.59 21.05 19.72 19.27

p value 0.00 0.00 0.00 0.00 0.01 0.02

Abbreviations: M, male; F, female; a, b, and c, safe distances of projections to the cutting plate from A, B and C, respectively; A, suprascapular notch; B
and C, bony border of the base of the scapular spine

Fig. 4 The projections of the bony reference points to the cutting plane in
the reference of the right shoulder. Red dots represent projections of point
A, green diamonds represent projections of point B, and blue triangles
represent projections of point C. a Suprascapular notch. b and c Bony
border of the base of the scapular spine. The red dashed circle represents
the standard baseplate

Table 3 Pearson correlation coefficient analysis between the
morphological size of the glenoid fossa and the distances referring to
the safe zone

Glenoid fossa parameter a (p value) b (p value) c (p value)

h 0.41 (0.00) 0.36 (0.01) 0.44 (0.00)

w 0.54 (0.00) 0.36 (0.01) 0.48 (0.00)

r 0.53 (0.00) 0.38 (0.00) 0.49 (0.00)

Abbreviations: h, height of the glenoid fossa; w, width of the glenoid
fossa; r, radius of the best-fit circle (baseplate); a, b, and c, safe distances
of projections to the cutting plate from A, B and C, respectively; A,
suprascapular notch; B and C, bony border of the base of the scapular
spine
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distances were found to be positively related to the glenoid size.
Our data suggested that a personalized 3Dmodel based on a CT
scan is essential, not only to estimate glenoid size and bone stock
of the scapula, but also to perform accurate preoperative plan-
ning for RSA. Careful considerations of the length and orienta-
tion of the screws must be taken to minimize the risk of nerve
injury.

One of the limitations of this study is the small sample size.
Secondly, all the measurements in the present study were based
on the selected bony references instead of exact structures in
previous cadaveric studies. However, the course of the nerve is
relatively fixed in the corresponding bony notches as reported
[8]. Furthermore, the results of statistical analysis indicated reli-
able reproducibility. Finally, only patients with PHFwere includ-
ed in this study to evaluate the morphological features of a nor-
mal glenoid cavity. Considering there are a variety of deformed
changes in arthritic glenoid cavities due to the severity of erosion
[39], subsequent investigations will be performed to evaluate the
morphological features in various arthritic groups.

Using 3D reconstruction and simulated segmentation, we
provided a morphological analysis of glenoid size in the
Chinese population. As indicated in the literature, standard
components are not adequate for RSA implantation in the
Chinese population, especially in small female patients.
Furthermore, a novel method based on simulated projection
was presented in this study to define a safe zone of the glenoid
fossa. During baseplate fixation in RSA, the distance of the
posterior and superior screws should be carefully considered
to avoid injury of the suprascapular nerve.
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