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Exploring Alternative Sites for
Glenoid Component Fixation
Through Three-Dimensional
Digitization of the Glenoid Vault:
An Anatomic Analysis

Abstract

Introduction: Glenoid component loosening has remained one of

the most common complications for total shoulder arthroplasty.

Three-dimensional modeling of the glenoid may reveal novel

information regarding glenoid vault morphology, providing a

foundation for implant designs that possess the potential to

extend the survivorship of the prosthesis.
Methods: A three-dimensional digitizer was used to digitize the

glenoids of 70 cadaveric scapulae.We identified ideal position, fit,

and maximum diameter for cylinders of 5, 10, and 15 mm depths.

Maximumdiameter andvolumewere alsomeasuredat theglenoid

center, and the data were compared.
Results: The vault region that accommodates the greatest diameter

and volume for 5, 10, and 15 mm depth cylinders were identified

in the postero-inferior glenoid. Across all specimens, this region

accommodated a cylinder diameter that was 24.82%, 40.45%, and

50.34%greater than thatachievedat theglenoidcenter for 5, 10, and

15mmdepthcylinders, respectively (all,P, 0.0001). The location of

this site remains reliable for each cylinder depth, regardless of sex.
Discussion: This studypresents novel findingspertaining to glenoid

morphology through the analysis of a newly characterized glenoid

vault region. This region has not been identified or described

previously and has potential to serve as an alternative to the glenoid

center for pegorbaseplate fixation.Ourmethodof vault analysis and

findingsmay be used to guide further research regarding pathologic

glenoid anatomy, providing a foundation for alternative approaches

to glenoid prosthesis fixation in total shoulder arthroplasty and

related procedures.

Total shoulder arthroplasty is a
common surgical treatment for

arthritis of the glenohumeral joint.1

First introduced by Emile Péan in
1893 as the platinum-rubber shoul-
der arthroplasty for the treatment of
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tuberculous arthritis, the concept of
total shoulder prosthesis has under-
gone numerous developments over
the past century.2,3 Dr. Charles Neer
is credited with doing the first modern
anatomic shoulder arthroplasty in
1974, which featured a vitallium
humeral component and polyethylene
glenoid component.4 Although more
successful than previous designs, the
prosthesis of Neer suffered from high
failure rates because of glenoid com-
ponent loosening.3 Despite high fail-
ure rates, this technique ultimately
laid the foundation for the develop-
ment of contemporary total shoulder
arthroplasty devices and techniques.
Today, anatomic total shoulder ar-
throplasty features the implantation
of a stemmed metal, convex humeral
component, and a concave poly-
ethylene surface on the glenoid, rep-
licating the anatomic relationship of
the native glenohumeral joint.
Although this surgical procedure is

highly successful in restoring function
in the glenohumeral joint and relieving
pain associated with glenohumeral
degeneration, it is not free of post-
operative complications.5,6 Prosthetic
loosening accounts for approximately
39% of total shoulder arthroplasty
complications, with glenoid compo-
nent loosening being responsible for
roughly 32% of all complications.6

As such, glenoid component loosen-
ing is one of the most common causes
of total shoulder arthroplasty failure
and is associated with symptoms such
as pain, stiffness, material failure,
wear, and joint instability.5,7-10 Fur-
ther, revision surgery is often indi-
cated in cases of glenoid component
loosening.10-12 A clear and enduring
need exists to further explore the
glenoid’s morphology and discover
alternative methods for stabilization
of the glenoid component in total
shoulder arthroplasty.

Although many anatomic studies
have been conducted to quantify the
superficial features of the glenoid,
fewer have investigated its internal
spatial composition in both a qualita-
tive and quantitative manner.13-21

Thus, digitization of the glenoid vault
and its surrounding scapular struc-
tures has the potential to yield novel
information about its overall mor-
phology and potential for fixation.
We hypothesize that quantification
and characterization of the glenoid
vault through three-dimensional (3D)
digitization will ultimately provide
valuable anatomic insights that could
lead to improved glenoid implant
design and fixation.

Methods

Seventy preserved cadaveric scapulae
were selected from the Cleveland
Museum of Natural History’s Ha-
mann-Todd osteological collection.
The specimens had no signs of gleno-
humeral degenerative disease or his-
tory of surgical procedures on the
glenohumeral joint. Furthermore, the
selected specimens were obtained from
37 male and 33 female cadavers
ranging from50 to 87 years old (mean,
62.8 6 9.8). Our minimum sample
size was selected in accordance with
those of previously published studies
investigating sexual dimorphism and
glenoid size.22,23

Before data collection, a grid was
created on each scapula using strips
of masking tape marked with equally
spaced points. First, the length of the
glenoid’s vertical axis was recorded
in millimeters using a tape measure.
A piece of tape was cut to this length
and marked with 11 equally spaced
points. The distance between each
consecutive point was determined by
dividing the length of the vertical

axis by 10. The tape was then applied
to the glenoid surface. The same
procedure was used to label the hor-
izontal axis. Three equally spaced
points were plotted along the perim-
eter of the glenoid in each quadrant,
forming a complete ring on the outer
surface of the glenoid (Figure 1). For
each quadrant, the distance between
each consecutive point was approxi-
mated by measuring the length of
the glenoid perimeter bordering that
quadrant and dividing by 4. Next,
two strips of tape were attached
perpendicularly to the superior and
inferior ends of the vertical axis ex-
tending onto the body of the scapula
from the face of the glenoid (Figure 2),
and another two strips extending onto
the body were attached perpendicu-
larly to the anterior and posterior
ends of the horizontal axis. Further
strips were also placed perpendicu-
larly to the remaining points along the
perimeter (Figures 3 and 4). Each strip
was marked with 25 points spaced
approximately 3 mm apart before
application. Additional strips were
added to account for areas that lacked
adequate coverage.
Each specimen was secured to a

metal mount before data collection
to prevent movement and ensure
the accuracy of the digitization pro-
cess. A Microscribe G2 digitizer
(Immersion) was used in conjunction
withRhinoceros 3D Imaging Software
(Robert McNeel & Associates). The
Microscribe G2 digitizer was used to
manually input the points plotted on
the surface of both the glenoid and its
associated scapular structures. These
data were collected in Rhinoceros
using the point object function; the
point data collected with the digitizer
were then used to generate a curve
network and solid mesh reflecting the
glenoid’s 3D morphology (Figure 5).
Identification of the vault region that
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accommodated the maximum diam-
eter and volume for cylinders of 5, 10,
and 15 mm depth was accomplished
by manually creating 3D cylinders of
varying diameter (Figure 6) and con-
ducting multiple placement trials to
identify the region of best fit (RBF).
The RBF was defined as the exact
position in the glenoid vault that ac-
commodates the greatest diameter for
each cylinder depth without break-
age through the surrounding cortical
surface bone. When the RBF was
identified for a given cylinder depth,
placement trials were repeated by
the investigator twice to ensure the
reproducibility and accuracy of the
result. The intraclass correlation
coefficient was measured using the
data collected from these measure-
ments. The cylinder placement trials
were conducted in a manner whereby
each cylinder was both level with and
perpendicular to the articular surface
at the glenoid center.
These cylinders were fit within the

body of the glenoid at varying locations
in accordance with the glenoid’s capac-
ity to accommodate their differing
depths. A bad fit was defined as a cyl-
inder diameter and/or placement that
resulted in breakage through the corti-
cal surface bone (Figure 7).When a bad
fit occurred, the trial would be repeated
in a different vault region. If a bad fit
occurred throughout the entirety of the
vault, cylinder diameter was decreased
by 0.1 mm, and the procedure was

repeated. When the position that ac-
commodated the greatest cylinder
diameter for a given depth without
breakage through the cortical surface
was identified, the location of the point
where the central axis of the cylinder
intersects the glenoid articular surface
(center of cylinder) relative to the center
of the glenoid’s articular surface (gle-
noid center) was measured. This was
accomplished by measuring the dis-
tance from the glenoid center to the
central axis of the cylinder on the gle-
noid articular surface (Figure 8). The

glenoid center was designated as the
intersection of the midpoints of the
vertical and horizontal axes on the gle-
noid articulating bony surface.
The position of the center of the

cylinder was described by the dis-
tance from the glenoid center and the
angle made between the 12 O’clock
position of the vertical axis and a line
from the glenoid center to the center
of the cylinder (Figure 9). Figure 10
represents an example of final cyl-
inder placement in the RBF after
completion of the aforementioned

Figure 1

Photograph demonstrating the strip placement on the vertical axis, horizontal axis, and glenoid perimeter.

Figure 2

Photograph demonstrating the strip placement from the inferior and superior
ends of the vertical axis.
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testing phase. Cylinder volumes for
each successful trial were also mea-
sured using Rhinoceros 3D geometric
analysis functions. Placement trials
for cylinders of 5, 10, and 15 mm
depth were then conducted at the
glenoid center to identify the maxi-
mum diameter and volume for each
cylinder depth.
The data yielded from the RBF and

glenoid center were statistically ana-
lyzedusingSPSSStatistics forWindows
(IBM). The data were statistically
comparedusing thepaired sample t test
and repeated measures analysis of
variance. For comparisons between
sexes, the independent samples t test
was used. Alpha was set at 0.05.
Furthermore, model construction, cyl-
inder fitting, and data collection were
done by a single investigator. Intra-
rater reliability was assessed through
calculation of the intraclass correlation
coefficient in SPSS based on a single
rater, absolute agreement, two-way
mixed effects model.

Results

Data collected for the 37 male speci-
mens revealed that for 5, 10, and
15mmdepth cylinders situated in the
RBF, the average maximum diameter
was22.356 2.93, 17.216 3.48, and
13.32 6 3.14 mm, respectively. The
center of the 5 mm depth cylinder in
the RBF was located at an average

angle of 171.24 6 18.11� in the
postero-inferior quadrant, at a dis-
tance of 6.00 6 1.92 mm from the
glenoid center. This 5 mm depth
cylinder possessed, on average, a
volume of 1995.37 6 534.29 mm3.
The center of the 10 mm depth cyl-
inder in the RBF was located at an
average angle of 174.06 6 15.12� in
the postero-inferior quadrant at a
distance of 7.766 2.84 mm from the
glenoid center. The average 10 mm
depth cylinder volume was 2418.60
6 999.18 mm3. The center of the
15 mm depth cylinder in the RBF
was located at an angle of 169.38 6
21.67� in the postero-inferior quad-
rant and 7.81 6 3.64 mm from the
glenoid center. The average 15 mm
depth cylinder volume was 2237.56
6 1064.42 mm3. The ideal loca-
tion for achieving maximal cylinder
diameter and volume, regardless of
cylinder depth, was found in the
postero-inferior region of the glenoid
for male specimens. No significant
difference was found between the
angles for the position of each cyl-
inder depth (all pairs, P . 0.05).
However, the difference in distance
from the glenoid center was statisti-
cally significant for the 5 and 10 mm
depth cylinders (P, 0.0001), as well
as for the 5 and 15 mm depth cyl-
inders (P , 0.0001). No significant
difference was noted in the distance
from the glenoid center between the
10 and 15 mm cylinders (P = 0.647).

The 33 female specimens, on the
other hand, yielded average maxi-
mum diameters of 16.55 6 1.96,
11.15 6 1.83, and 8.48 6 1.91 mm
for 5, 10, and 15 mm depth cylin-
ders, respectively. The center of the
5 mm depth cylinder in the RBF was
located at an angle of 171.31 6
11.67� in the postero-inferior quad-
rant at a distance of 5.396 1.78 mm
from the glenoid center. The average
volume for the 5 mm depth cylinder
was 1050.69 6 226.53 mm3. The
center of the 10 mm depth cylinder in
the RBF was located at an average
angle of 174.32 6 11.30� in the
postero-inferior quadrant and 7.45
6 3.04 mm from the glenoid center.
The average 10 mm depth cylinder
volume was 1001.536 320.14 mm3.
The center of the 15 mm depth cyl-
inder in the RBF was located at an
angle of 174.43 6 13.08� in the
postero-inferior quadrant and a dis-
tance of 8.37 6 3.49 mm from the
glenoid center. The average 15 mm
depth cylinder volume was 863.666
345.47 mm3. No significant differ-
ence was noted between the angles
for each cylinder depth (all pairs,
P . 0.05). As seen in the male
specimens, the difference in distance
from the glenoid center was statisti-
cally significant for the 5 and 10 mm
depth cylinders (P, 0.0001), as well
as for the 5 and 15 mm depth

Figure 4

Photograph demonstrating the strip
placement from each point at the
perimeter of the superior-posterior
glenoid.

Figure 3

Photograph demonstrating the strip placement from each point on the
perimeter of the glenoid.

Total Shoulder Arthroplasty: 3-D Modeling

4 Journal of the American Academy of Orthopaedic Surgeons

D
ow

nloaded from
 http://journals.lw

w
.com

/jaaosglobal by S
o/cZ

5aoeJF
1y7esysl2Q

3T
rsS

J5i/Q
+

ism
ep1eG

H
m

V
D

n
nif7B

iM
j+

4P
hQ

+
0q6pgaK

degT
X

0n58Q
G

33N
5tH

m
A

1yN
vD

ffrN
R

tW
N

kzQ
4N

76jcH
F

E
H

uuX
2S

JV
cJs+

h+
JX

9p on 09/14/2023



cylinders (P , 0.0001). No signifi-
cant difference was found in the
distance from the glenoid center
between the 10 and 15 mm cylinders
(P = 0.148).
On average, the ideal location for

achieving maximal cylinder diame-
ter, regardless of cylinder depth,
was found in the postero-inferior re-
gion of the glenoid for both male
and female specimens. The posterior-
inferior regionwas consistent with an
angle measurement between 90 and
180�. The 95% confidence intervals
for angle measurements for 5, 10,
and 15 mm depth cylinders were
(163.27–174.85), (169.58–178.37),
and (160.77–170.15), respectively.
The RBF was located in the postero-
inferior region for most, but not all
subjects. 74.3%, 61.4%, and 72.0%
of the 5, 10, and 15 mm depth cyl-
inders, respectively, were located in
the posterior-inferior region. The
remainder of the cylinders for each
cylinder depth were located in the
anterior-inferior region. The average
angle measurements for the 5, 10,
and 15 mm cylinders in the anterior-
inferior region were 184.34 6 2.85,
187.556 6.38, and 191.33 6 14.04,
respectively. All specimens with a
RBF in the anterior-inferior region
also accommodated cylinders in the
posterior-inferior region that were
significantly greater in diameter and
volume compared with cylinders at
the glenoid center. However, because

these cylinders did not meet our
predefined criteria for the RBF, the
associated data were not included in
our analysis. Furthermore, the angle
and distance from the glenoid center
did not differ significantly between
male and female specimens for 5
(angle, P = 0.450; distance, P =
0.325), 10 (angle, P = 0.885; distance,
P = 0.827), or 15 (angle, P = 0.511;
distance, P = 0.515) mm cylinders.
The average spatial coordinates of the
RBF for each cylinder depth remained
consistent, regardless of sex.
These datawere then comparedwith

the maximum diameter and volume
measurements taken at the glenoid
center. For the male specimens, the
glenoid center accommodated maxi-
mum cylinder diameters of 17.94 6
3.33, 12.64 6 3.89, and 9.37 6
3.95 mm for 5, 10, and 15 mm depth
cylinders, respectively. Comparatively,
the RBF accommodated a maximum
cylinder diameter that was, on aver-
age, 24.65%, 36.16%, and 42.16%
greater for the 5, 10, and 15mmdepth
cylinders, respectively. The glenoid
center accommodated a maximum
cylinder volume of 1306.056 473.51,
1370.19 6 832.82, and 1213.39 6
917.41 mm3 for the 5, 10, and 15 mm
depth cylinders. Comparatively, the
RBF accommodated a maximum
cylinder volume that was, on average,

52.78%, 76.52%, and 84.41%
greater for the 5, 10, and 15mmdepth
cylinders, respectively. The difference
in maximum cylinder diameter and
volume between the RBF and glenoid
center was statistically significant for
all cylinder depths (all, P , 0.0001).
For the female specimens, the gle-

noid center accommodatedmaximum
cylinder diameters of 13.04 6 2.64,
7.606 3.01, and 5.246 2.73mm for
5, 10, and 15 mm depth cylinders,
respectively. Comparatively, the RBF
accommodated a maximum cylin-
der diameter that was, on average,
26.92%, 46.71%, and 61.83%

Figure 6

Photograph demonstrating the examples of three-dimensional cylinders used in
best-fit assessment trials. Each color corresponds to a specific cylinder depth.
Green = 5 mm, purple = 10 mm, red = 15 mm.

Figure 5

Photograph demonstrating the
three-dimensional model of the
glenoid and associated scapular
structures.

Figure 7

Photograph demonstrating an
example of cortical breakage, or a
“bad fit.” This image depicts cortical
bone destruction induced by two
different cylinder types. The green
and purple protrusions within the red
circles signify the inferior aspect of
each cylinder breaking through the
surrounding cortical bone.
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greater for the 5, 10, and 15mmdepth
cylinders, respectively. The glenoid
center accommodated a maximum
cylinder volume of 694.24 6 268.65,
523.08 6 415.72, and 408.82 6
425.67 for the 5, 10, and 15 mm
depth cylinders, respectively. Com-
paratively, the RBF accommodated a
maximum cylinder volume that was,
on average, 51.34%, 91.47%, and
111.26% greater for the 5, 10, and
15 mm depth cylinders, respectively.
The difference in maximum cylinder
diameter and volume between the
RBF and glenoid center was statisti-
cally significant for all cylinder depths
(all, P , 0.0001). Compared with
female specimens, male specimens had
significantly greater maximum cylin-
der diameter and volume for each
cylinder depth at the RBF (all, P ,
0.0001). Summaries of key findings

for male and female specimens are
contained in Supplemental Tables 1
(http://links.lww.com/JG9/A104) and 2
(http://links.lww.com/JG9/A105),
respectively.
The single measures intraclass cor-

relationwas 1.00 for diameter, angle,
and distance measurements for all
cylinder depths. The 95% confidence
interval was (1.00–1.00) for cylinder
diameter, angle, and distance meas-
urements for all depths, indicating
perfect reliability. No variation was
noted between the statistical output
of parametric and nonparametric
tests for nonparametric data sets.

Discussion

Characterization and quantification
of the glenoid vault through 3D dig-
itization has the potential to yield

novel information about the glenoid’s
vault morphology and potential room
for a prosthetic implant. In addition to
its ability to accurately capture the
dimensions that comprise the ana-
tomical architecture of both the
glenoid vault and its neighboring
scapular structures, 3D digitization
provides a platform that can analyze
the glenoid’s spatial composition with
precision. The 3D digitization, model
creation, and data analysis done in
this study yielded results that are
valuable to our understanding of gle-
noid morphology and also provide
insights for further innovation in sur-
gical technique and glenoid implant
design, validating our hypothesis.
Previous studies have used cadaveric

specimens, radiographs,2Dand3DCT,
magnetic resonance imaging scans, and
computer models to characterize and
quantify the glenoid’s morphology.24-35

These studies have described the gle-
noid’s superficial features and internal
characteristics such as the depth, width,
and bone density within varying re-
gions of the glenoid vault. For example,
analysis of Sharma et al36 of the
glenoid through CT imaging and 3D
computer modeling yielded informa-
tion pertaining to glenoid version,
regional vault depth, and regional bone
density. In their study, a point named
the “circle center” was characterized in
the inferior glenoid, which marked the
location that possessed the greatest
vault depth. The location of the circle
center is similar to that of the RBF
defined in our study. However, Sharma
et al did not identify specific coordinates
for this point. Instead, they approxi-
mated the inferior glenoid boundary
using a circle, whose center they termed
the “circle center.” Our study provides
specific coordinates for the RBF located
within a similar region while also sup-
plying data regarding the maximum
cylinder diameter and volume that can
be achieved at varying depths.
Furthermore, combining bone den-

sity and glenoid vault data, Sharma
et al concluded that the circle center or

Figure 8

Photograph demonstrating the top-down view of the glenoid vault. The colored
circles represent the varying cylinder depths: green = 5 mm, purple = 10 mm,
red = 15 mm. The colored dots contained within each circle represent the center
of each respective cylinder. The cyan point depicts the glenoid center. The
colored lines from the glenoid center to the cylinder centers (red, purple and
green) represent the distance between the respective points. The blue arrow is
pointing to the distance measurement between the glenoid center and the
center of the 15 mm depth cylinder.

Total Shoulder Arthroplasty: 3-D Modeling
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mid-glenoid should be prioritized for
glenoid component fixation. How-
ever, they did not identify the maxi-
mum diameters that could
be accommodated at varying depths,
which would be useful for achieving
maximal area of fixation in the avail-
able bone of the glenoid vault. Our
study quantified the maximum cylin-
der diameter and volume that can be
achieved at a depth of 5, 10, and
15mmwithin theRBFand the glenoid
center, although also showing that the
maximum diameters and volumes are
significantly greater at the RBF com-
pared with the glenoid center for all
cylinder depths. If interpreted in tan-
demwith the findings of Sharma et al,
our data suggest that the RBF may be
the preferred fixation site when con-
sidering maximum cylinder diameter,
vault depth, and bone density.
On average, the center for each cyl-

inder type in theRBFwas located in the
posterior-inferior quadrant of the gle-
noid. For most specimens, other re-
gions of the glenoid either supported a
significantly smaller cylinder diameter
or produced cortical bone penetration
because of their inability to accom-
modate the full depth of the cylinders.
The coordinates of the RBF remained
consistent for each cylinder depth,
regardless of sex (all,P. 0.05) despite
the significant difference in cylinder
diameter and volume between male
and female specimens (P , 0.0001).
The RBF also remained consistent
despite variations in specimen size.
These findings may be indicative of
patterns in glenoid vault morphology
that persist, regardless of specimen sex
or size. This observation aligns with
the findings of Codsi et al,24 who
determined that the internal shape of
the glenoid vault in a sample of skel-
etally mature scapulae featured uni-
form morphology despite a wide
variation in the gross scapular size.
Furthermore, a significant difference
in the center-RBF distance between 5
to 10 mm and 5 to 15 mm cylinder
pairs was also found for both sexes

(P , 0.0001), with no significant
difference in the glenoid-RBF distance
between the 10 and 15 mm cylinders
(male, P = 0.647; female, P = 0.148).
This suggests that for 5 mm depth
cylinders, the distance to the RBF

from the glenoid center is significantly
smaller than that required for 10 or
15 mm depth cylinders. This infor-
mation may help guide future studies
that seek to further investigate this
region using preset cylinder depths.

Figure 9

Photograph demonstrating the top-down view of the glenoid vault depicting
angle measurement. This image depicts the method by which angle
measurements were taken. The angle between the superior aspect of the
vertical axis and the cylinder center was measured for each cylinder type. The
blue arrow is pointing to the angle measurement.

Figure 10

Photograph demonstrating the view from superior end of glenoid showcasing
best-fit cylinder placement.
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Perhaps most importantly, our study
revealed that this newly character-
ized region possesses a greater spatial
capacity than thedefault site forglenoid
component fixation, the glenoid center.
Across all specimens, this new region
accommodated a maximum cylinder
diameter that was, on average,
24.82%, 40.45%, and50.34%greater
than that achieved at the glenoid center
for 5, 10, and 15 mm depth cylinders,
respectively. The differences in diame-
ters achieved was statistically signifi-
cant for all cylinder depths, regardless
of sex (all, P , 0.0001). Furthermore,
cylinder volume for 5, 10, and 15 mm
depth cylinders was also, on aver-
age, 50.71%, 81.87%, and 94.65%
greater at the RBF across all speci-
mens. Again, the difference in volume
achieved was statistically significant
for all cylinder depths, regardless of
sex (all, P , 0.0001).
To our knowledge, the RBF

described in this study has not
been identifiedordescribedpreviously.
Furthermore, this is the first time that a
region other than the glenoid center
has been characterized and quantified
in a manner that showcases potential
spatial superiority over the glenoid
center for the purpose of glenoid
component fixation. The method of
glenoid vault analysis used this study
has also not been done in this manner
previously and may assist in deter-
mining the viability of varying angles
and locations for post, peg, or screw
fixation placement based on existing
data pertaining to the cortical bone
morphology, thickness, and density.
Although our study provides a

foundation for further investigation
and potential innovation, additional
research into this newly characterized
region must be conducted in patho-
logic glenoids before conclusions
regarding its potential because a fixa-
tion site can be drawn. The impor-
tance of conducting further research
in pathologic glenoids is evidenced by
the findings of previous studies inves-
tigating morphological alterations in

this specimen population. For exam-
ple, Frankle et al37 reported that
62.5% of glenoids were morpholog-
ically normal and 37.5% were
abnormal in 216 patients who had
undergone reverse shoulder arthro-
plasty. After the abnormal glenoids
were further stratified based on ero-
sion sites, it was found that 17.6% of
all glenoids possessed posterior ero-
sions that had a significant effect on
both anatomical structure and surgi-
cal factors. Given that our RBF was
located in the posterior region of the
glenoid, it is possible that our findings
may not be fully reproducible in
certain samples of pathologic gle-
noids with posterior bone loss and
associated morphologic changes.
Some additional limitations exist to

our study. First, our method of glenoid
vault analysis has not been used previ-
ously. Given the absence of literature
investigating the glenoid vault in the
manner outlined in our study, currently
no data are available for comparison.
More researchmust be conductedwith
varying methods of 3D modeling and
analysis to validate the findings of our
study. In addition, the glenoids used
in this study were skeletally normal,
lacking the acquired degenerative or
developmental deformities often seen
clinically. Because of the altered struc-
tural characteristics associated with
pathologic glenoids, we cannot com-
pletely extrapolate our data to all clin-
ical situations. Future studies should
consider examining these differences in
morphology among different glenoids
to determine whether the RBF remains
consistent in the presence of typical
patients with glenohumeral arthritis.
However, the data obtained through
our study can be used as a foundation
to guide future studies of similar scope.
Finally, our study did not evaluate

regional bone density. Bone density
plays an important role in the fixation
of the glenoid component and may
display significant regional variation
in pathologic glenoids. Simon et al38

reported that glenoid subchondral

bone density (SBD) patterns varied in
men who underwent total shoulder
arthroplasty. Their study found that
SBD varied according to whether
the glenoid possessed a concentric or
eccentric wear pattern. In the eccen-
tric group, the SBD distribution was
inhomogeneous and mineralization
was greatest in the posterior zone.
However, in glenoids with concentric
wear patterns, the SBD distribution
was homogeneous, with greater min-
eralization in the central zone com-
pared with the posterior, anterior, and
superior zones.38 Thus, future research
into the RBF of pathologic glenoids
should also take bone density into
account if conclusions regarding fixa-
tion potential are to be made.
Despite these limitations, this study

presents novel findings pertaining to
glenoid morphology through the anal-
ysis of a newly characterized glenoid
vault region. This region has not been
identified or described previously and
has potential to serve as an alternative
to the glenoid center for peg or base-
plate fixation. Our method of vault
analysis and findings may be used to
guide further research regarding path-
ologic glenoid anatomy, providing a
foundation for alternative approaches
to glenoid prosthesis fixation in ana-
tomic total shoulder arthroplasty and
related procedures.
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