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A B S T R A C T

Background: The longitudinal axis of the glenoid is not always parallel to the scapular body, and glenoid tor-
sion could affect the values of glenoid orientation. The purpose of this study was to evaluate 3-dimensional
glenoid version and inclination modified by glenoid torsion and to clarify the differences between the values
of conventional and of modified glenoid orientations.
Methods: Computed tomography scans of 30 shoulders without shoulder pathology, 30 shoulders with pri-
mary osteoarthritis, and 30 shoulders with a massive rotator cuff tear or cuff tear arthropathy were retro-
spectively evaluated. After determining the glenoid axis and the scapular planes and calculating
conventional glenoid version and inclination, modified glenoid version and inclination, and glenoid torsion,
the values of conventional glenoid orientation and those of modified glenoid orientation were compared
statistically.
Results: All shoulders showed anterior torsion of the glenoid with an average of 16° § 5°. The values of mod-
ified glenoid retroversion were significantly smaller than those of conventional glenoid retroversion in all
groups (P < .033), and the values of the modified glenoid inferior inclination were significantly larger than
those of conventional glenoid inferior inclination in all groups (P < .001).
Conclusions: The present study showed that the glenoid twists with respect to the scapular body and that
modification by glenoid torsion could affect the values of glenoid orientation. These results indicated
that glenoid orientation with respect to the glenoid longitudinal axis will help surgeons determine proper
placement of the glenoid component during shoulder arthroplasty.
© 2018 The Author(s). 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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Glenoid orientation is associated with several kinds of shoulder
pathologies1,3,33,36 and has often been assessed when planning shoul-
der operations.9,12,15 Some arthritic glenoids have retroversion with a
posterior bone defect,6,12,17,30 and excessive retroversion is related to
poor outcomes after arthroplasty.9,10,36 As well as glenoid version,
glenoid inclination is an important parameter for shoulder arthro-
plasty. Superior inclination of the glenoid is associated with cuff defi-
ciency1,11 and is reported to be a risk factor for poor outcomes after
reverse shoulder arthroplasty.32 Inferior inclination of the glenoid
component can improve clinical outcomes of anatomic and reverse
shoulder arthroplasties.20,26,27

In measuring glenoid orientation, 2-dimensional analyses with
axial computed tomography (CT)12,25,36 and plain radiographs3,23,27
have commonly been used. Because the scapula inclines on the tho-
rax and scapular rotation could change the values of glenoid orienta-
tion, some 2-dimensional studies have measured glenoid orientation
on a 3-dimensionally corrected slice, including the scapular body, to
exclude the effect of scapular inclination to the thorax.1,4,5,15 Recent
studies evaluated 3-dimensional glenoid orientation with respect to
the scapular body.8,21,22 Because the glenoid longitudinal axis is not
always parallel to the scapular body, however, the measured values
of glenoid orientation might not provide useful information for
shoulder surgery. Although numerous studies have analyzed glenoid
version and inclination, glenoid torsion between the scapular body
and the glenoid has not been considered.

We hypothesized that the glenoid twists with respect to the
scapular body and that the values of glenoid orientation differ with
and without modification by glenoid torsion. The purpose of this
study was to evaluate 3-dimensional glenoid orientation modified
by glenoid torsion and to clarify the differences between the values
of the conventional and modified orientations of the glenoid surface
using CT scans.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jses.2018.07.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:noboru18@gmail.com
https://doi.org/10.1016/j.jses.2018.07.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jses.2018.07.002
https://doi.org/10.1016/j.jses.2018.07.002
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jses


N. Matsumura et al. / JSES Open Access 2 (2018) 194�199 195
Materials and methods

This study retrospectively evaluated CT scans of 30 shoulders with
primary osteoarthritis (OA), which were taken in our institution
between March 2014 and October 2017 (OA group: mean age, 75 § 7
years; range, 61-86 years; 25 women and 5 men; 16 right, 14 left),
and 30 shoulders with a massive rotator cuff tear or cuff tear arthrop-
athy (CTA) between September 2014 and October 2017 (CTA group:
mean age, 75 § 6 years; range, 64-86 years; 21 women and 9 men;
18 right and 12 left). According to the Walch classification scheme,36

3 shoulders in the OA group were classified as type A1, 15 as type A2,
2 as type B1, and 9 as type B2. The 30 shoulders in the CTA group
showed a rotator cuff tear involving 2 or more tendons on magnetic
resonance imaging.13 According to the Sirveaux classification
scheme32, 18 shoulders were classified as type E0, 4 as type E1, 6 as
type E2, and 2 as type E3 on plain radiographs. For comparison, pre-
operative bilateral CT scans of 30 shoulders with unilateral gleno-
humeral instability were enrolled (control group: mean age, 26 § 9
years; range, 16-49 years; 15 women and 15 men; 15 right and 15
left). The contralateral shoulders of patients with glenohumeral insta-
bility without any pathology in the shoulder girdle were evaluated
and did not show any evidence of glenohumeral bone loss or arthritis
on CT scans. Thus, the study reviewed a total of 90 shoulders.

Axial CT scans, including the entire scapula from its medial border
and from its inferior angle to the glenohumeral joint, were taken
with a resolution of 0.98 mm per pixel and reconstructed with
1-mm-thick slices (Toshiba Aquilion ONE; Toshiba Medical Systems,
Tochigi, Japan). The image data were extracted in the obtained Digital
Imaging and Communication in Medicine (DICOM) data format
(National Electrical Manufacturers Association, Rosslyn, VA, USA).

The bony landmarks on the scapula were determined from the
obtained DICOM data. To assess 3-dimensional glenoid orientation,
the subchondral bone of the glenoid articular surface was plotted
with 2-mm intervals from the anterior glenoid rim and posterior rim
in all slices including the glenoid using OsiriX MD 8.5.2 software (Pix-
meo, Geneva, Switzerland). The glenoid plane was defined as the best
fitting plane, which was reconstructed from all of the plotted points
of the glenoid surface.24 A line perpendicular to the glenoid plane
was defined as the glenoid axis (Fig. 1, A).

A 3-dimensional scapular model was reconstructed in AVIZO 6.2
software (Maxnet, Tokyo, Japan), and the root of the scapular spine,
inferior angle of the scapular body, and superior and inferior poles of
the glenoid were plotted on the models using MeshLab 1.3.3 software
Figure 1 (A) The glenoid plane (surrounded by green lines) is defined as the best fitting plane
pendicular to the glenoid plane is defined as the glenoid axis (green line with arrow). (B) The
3 landmarks of the root of the scapular spine, the inferior angle of the scapular body, and the
lar to the coronal scapular plane and includes the root of the spine and the glenoid center. C
(green line with arrow) and the scapular planes. The longitudinal axis of the glenoid (black do
(surrounded by red lines) is defined as the plane including the root of the scapular spine, th
verse plane (surrounded by blue lines) is perpendicular to the modified coronal plane and inc
mined with the angle between the glenoid axis (green line with arrow) and the modified scap
plane and the modified coronal scapular plane.
(ISTI, Pisa, Italy). The root of the scapular spine was determined as the
most medial point of the scapular spine, where the spine curves infe-
riorly and combines with the scapular body. The inferior angle was
defined as the most inferior point of the scapular body. The superior
pole of the glenoid was set as the supraglenoid tubercle of the ovoid
glenoid surface, where the long head of the biceps tendon is thought
to originate,31 and the inferior pole was set as the furthest point from
the superior pole on the glenoid surface.1,2,15,29 The midpoint
between the superior pole and the inferior pole of the glenoid was
set as the glenoid center.15

The scapular anatomic planes were defined based on scapular
landmarks.4-7,14,18,30 The coronal scapular plane was defined as the
plane passing through 3 landmarks of the root of the scapular spine,
the inferior angle of the scapular body, and the glenoid center, and
the transverse scapular plane was perpendicular to the coronal scap-
ular plane and included the root of the spine and the glenoid center
(Fig. 1, B). The modified transverse scapular plane was defined as the
plane including the root of the scapular spine and the superior and
inferior poles of the glenoid, and the modified transverse plane was
perpendicular to the modified coronal plane and included the root
of the spine and the glenoid center. Glenoid torsion was evaluated
as the angle between the coronal scapular plane and the modified
coronal scapular plane (Fig. 1, C).

Three-dimensional glenoid orientation was determined with the
glenoid axis and the scapular planes. Conventional glenoid version,
which was defined as the angle between the glenoid axis and the cor-
onal scapular plane, and conventional glenoid inclination, which was
the angle between the glenoid axis and the transverse scapular plane,
were evaluated. Modified glenoid version was defined as the angle
between the glenoid axis and the modified coronal scapular plane,
and modified glenoid inclination was the angle between the glenoid
axis and the modified transverse scapular plane. All shoulders were
independently reviewed twice with a minimum of a 1-month interval
between measurements by 2 evaluators.

For the statistical analyses, IBM SPSS Statistics 23.0.0.2 software
(IBM, Armonk, NY, USA) was used. Intraclass correlation coefficients
(ICCs) were used to evaluate intra-rater and inter-rater reliabilities
for modified glenoid version, modified glenoid inclination, and gle-
noid torsion. Repeated measurements by 2 observers with a 1-month
interval (ICC model 1,1) and blinded measurements by 2 observers
(ICC model 2,1) were performed. After reliabilities were determined,
the values of glenoid version, inclination, and torsion were averaged
across the 2 observers and their 2 measurements.
, which is reconstructed from all of the plotted points of the glenoid surface. A line per-
coronal scapular plane (surrounded by red lines) is defined as the plane passing through
glenoid center. The transverse scapular plane (surrounded by blue lines) is perpendicu-
onventional glenoid orientation is determined with the angle between the glenoid axis
tted line) is not parallel to the scapular body. (C) The modified transverse scapular plane
e superior pole of the glenoid, and the inferior pole of the glenoid. The modified trans-
ludes the root of the spine and the glenoid center. Modified glenoid orientation is deter-
ular planes. Glenoid torsion (a) is calculated as the angle between the coronal scapular



Table I
The values of glenoid orientation and differences by etiology

Variable Control group OA group CTA group P value
(N = 30) (N = 30) (N = 30)

(°) (°) (°)

Modified retroversion 2 § 3 7 § 9 3 § 5 .002*
(�5 to 8) (�9 to 21) (�9 to 12)

Modified inferior inclination 7 § 3 11 § 6 1 § 6 <.001**
(1-12) (�3 to 24) (�15 to 11)

Anterior torsion 19 § 4 17 § 5 12 § 5 <.001**
(13-29) (8-26) (2-22)

OA, osteoarthritis; CTA, cuff tear arthropathy.
Data are presented as the mean § standard deviation (range).
* Statistically significant (P < .01).
** Statistically significant (P < .001).

Figure 2 (A) Conventional and modified glenoid retroversion of the 3 groups. The val-
ues of modified glenoid retroversion are significantly smaller than those of conven-
tional glenoid retroversion in all 3 groups. (B) Conventional and modified glenoid
inferior inclination of the 3 groups. The values of modified glenoid inferior inclination
are significantly larger than those of conventional glenoid inferior inclination
in all 3 groups. Mean data are presented with standard deviation (range bars). OA,
osteoarthritis; CTA, cuff tear arthropathy.
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To examine the differences by etiology, differences in modified
glenoid version, modified glenoid inclination, and glenoid torsion
were compared among the control group, OA group, and CTA group
using 1-way analysis of variance. With significant effects, post hoc
Mann-Whitney U tests with the Bonferroni correction were per-
formed to identify the differences between the groups. Paired t tests
were used to compare the values of conventional glenoid orientation
(retroversion and inferior inclination) to those of modified glenoid
orientation. The values of the differences between conventional and
modified retroversion and between conventional and modified infe-
rior inclination were also computed by subtraction of the conven-
tional values from the modified values. The correlation between the
values of modified glenoid orientation and the difference in glenoid
orientation was analyzed using Spearman rank correlation tests. The
significance level was set at .05 for all analyses.

Results

Intra-rater reliability was 0.908 (95% confidence interval [CI],
0.786-0.962) for modified glenoid version, 0.848 (95% CI, 0.662-
0.937) for modified glenoid inclination, and 0.928 (95% CI, 0.828-
0.971) for glenoid torsion. Inter-rater reliability was 0.872 (95% CI,
0.707-0.947) for modified glenoid version, 0.821 (95% CI, 0.518-
0.931) for modified glenoid inclination, and 0.910 (95% CI, 0.788-
0.882) for glenoid torsion. Intra-rater and inter-rater reliabilities
exceeded 0.8 for glenoid orientation measurement and were
regarded as good to excellent.

In this study, a positive number means retroversion, inferior incli-
nation, and anterior torsion, and a negative number means antever-
sion, superior inclination, and posterior torsion of the glenoid. The
glenoid had an average modified retroversion of 4° § 6° (range, �9°
to 21°) and modified inferior inclination of 6° § 7° (range, �15° to
24° All glenoids showed anterior torsion with respect to the scapular
body, with an average of 16° § 5° (range, 2°-29°). The values of gle-
noid orientation varied by etiology (Table I). The values of modified
glenoid retroversion were significantly larger in the OA group than in
the control group (P = .021). The values of modified glenoid inferior
inclination were significantly larger in the OA group than in the other
2 groups (P = .012 in the control group and P < .001 in CTA group),
and the values were significantly smaller in the CTA group than in
the control group (P < .001). The values of glenoid anterior torsion
were significantly larger in the control group than in the OA group
(P < .001) and CTA group (P = .003).

The values of modified glenoid retroversion were significantly
smaller than those of conventional glenoid retroversion in all groups
(P < .001 in the control and OA groups and P = 0.033 in CTA group;
Fig. 2, A). The values of modified glenoid inferior inclination were sig-
nificantly larger than those of conventional glenoid inferior inclina-
tion in all groups (P < .001 in all groups; Fig. 2, B). The value of
modified glenoid retroversion had a strong positive correlation with
the difference between conventional inferior inclination and modi-
fied inferior inclination of the glenoid (R = 0.919 and P < .001), but no
correlation was found with the difference between conventional ret-
roversion and modified retroversion (R = 0.502 and P < .001; Fig. 3,
A). The value of modified glenoid inferior inclination had a strong
negative correlation with the difference between conventional



Figure 3 (A) Correlation between the values of modified glenoid retroversion and the
differences between conventional glenoid orientation and modified glenoid orienta-
tion. The value of modified glenoid retroversion has a strong positive correlation with
the difference in glenoid inferior inclination (R = 0.919 and P < .001). (B) Correlation
between the value of modified glenoid inferior inclination and the difference between
conventional glenoid orientation and modified glenoid orientation. The values of mod-
ified glenoid inferior inclination have a strong negative correlation with the differences
in glenoid retroversion (R =�0.961 and P < .001) and a weak positive correlation with
the difference in glenoid inferior inclination (R = 0.265 and P = .012). OA, osteoarthritis;
CTA, cuff tear arthropathy.
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retroversion and modified retroversion of the glenoid (R =�0.961 and
P< .001) and a weak positive correlation with the difference between
conventional inferior inclination and modified inferior inclination of
the glenoid (R = 0.265 and P = .012; Fig. 3, B). On one hand, the abso-
lute difference between conventional and modified glenoid version
exceeded 3° in 24.4% and 5° in 4.4% of all shoulders. On the other
hand, the absolute difference between conventional and modified
glenoid inclination exceeded 3° in 16.7% and 5° in 6.7% of all
90 shoulders.

Discussion

Scapular morphology appears to be modular.19 The glenoid can
rotate medially or laterally, superiorly or inferiorly, and anteriorly or
posteriorly in relation to the scapular body. Although glenoid version
and inclination have been recognized as important parameters for
shoulder pathologies, glenoid torsion has rarely been considered.
This study showed that the glenoid usually has anterior torsion with
respect to the scapular body and that modification by glenoid torsion
could affect the values of glenoid orientation.
Although glenoid version and inclination is reported to be associ-
ated with several kinds of shoulder pathologies,1,3,33,36 glenoid torsion
between the scapular body and the glenoid has not been evaluated.
The present study found the glenoid rotates anteriorly, and our control
glenoid had an average anterior torsion of 19°. The values of glenoid
anterior torsion were significantly larger in the control group than in
the OA and CTA groups. In our shoulders with central migration of the
glenoid, the glenoid longitudinal axis was likely to approach to the
scapular body plane. The present results indicated that glenoid central
migration might decrease the values of glenoid anterior torsion.

The direction of the glenoid surface can be interpreted with gle-
noid version and inclination with respect to the scapula. The glenoid
surface is the only index of the scapula during glenoid implantation
and is compared to a clock face to assess bone wear in cases with
shoulder instability29 or glenohumeral arthritis.15 Unfortunately,
however, the glenoid longitudinal axis, which connects the superior
and inferior poles of the glenoid, is not parallel to the scapular body
because it usually twists anteriorly with respect to the scapular body.
Because the values of glenoid version and inclination change with
modification by glenoid torsion, conventional glenoid orientation
might not provide useful information for shoulder surgery. Bouchaib
et al2 evaluated 2-dimensional glenoid version on the reconstructed
axial plane perpendicular to the longitudinal axis of the glenoid sur-
face. During shoulder arthroplasty, it is important to recognize the
respective glenoid orientation for proper placement of the glenoid
component within the glenoid vault.15,16,28,34 Unless the preopera-
tively measured values represent proper glenoid orientation, the gle-
noid would be reconstructed inadequately. We expect that glenoid
orientation with respect to the glenoid longitudinal axis will help sur-
geons with operative management.

The glenoids in the OA group showed larger retroversion and
larger inferior inclination than in the other groups, and biconcave gle-
noids are reported to have posteroinferior bone defects of the gle-
noid.17 When glenoid orientation is assessed with respect to the
scapular body, overestimation of glenoid retroversion is likely to
increase in cases with large inferior inclination, and underestimation
of glenoid inferior inclination increases in cases with large retrover-
sion of the glenoid (Fig. 4). If the glenoid orientation is not restored
during anatomic shoulder arthroplasty, the shear force to the glenoid
component might increase.16 The present results indicate that
glenoid orientation should be assessed with respect to the glenoid
longitudinal axis in the operative management of asymmetric poster-
oinferior bone loss of arthritic glenoids.

This study evaluated conventional and modified glenoid orienta-
tions in the same shoulders without redefinition of the scapular bony
landmarks. The present study had several limitations. The number of
shoulders was relatively small, and the OA group and the CTA group
included various types of glenoids. Thus, differences in glenoid
orientation among shoulder pathologies remained unclear.

Clinical significance would be another possible limitation. This
study showed that the conventional measuring method referring to
the scapular body overestimates glenoid retroversion and underesti-
mates glenoid inferior inclination. Modification by glenoid torsion
could change the values of glenoid orientation up to 10°, but whether
the differences would affect the clinical outcomes of shoulder arthro-
plasty remains unclear.

The third limitation was the position of the glenoid center. To assess
the effect of glenoid torsion, this study defined the glenoid center as the
midpoint between the superior pole and the inferior pole of the glenoid,
and conventional and modified scapular planes were both defined to
include the root of the scapular spine and the glenoid center. However,
the position of the glenoid center changes with the reference systems35

and can affect the values of glenoid orientation. Furthermore, the longi-
tudinal axis of the glenoid surface was defined on CT data in this study,
but this axis might differ from the intraoperative superoinferior axis
that is determined during arthroplasty.



Figure 4 (A) A 68-year-old woman with primary osteoarthritis. The biconcave glenoid
has retroversion of 6° with respect to the conventional coronal scapular plane (red solid
line) and inferior inclination of 22° with respect to the conventional transverse scapu-
lar plane (blue solid line). (B) The glenoid has anterior torsion of 25° (a) with respect to
the scapular body. With modification by glenoid torsion, the glenoid shows antever-
sion of 3° with respect to the modified coronal scapular plane (red solid line) and infe-
rior inclination of 22° with respect to the modified coronal scapular plane (blue solid
line).
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Finally, the control group consisted of contralateral shoulders of
patients with unilateral glenohumeral instability. Although these
shoulders did not have any shoulder pathology and appeared to be
normal, glenohumeral instability might affect the morphology of the
contralateral shoulders.
Conclusions

Three-dimensional glenoid orientation was evaluated with modi-
fication by glenoid torsion. The present study showed that the gle-
noid twists with respect to the scapular body and that modification
by glenoid torsion could affect the values of glenoid orientation. The
values of modified glenoid retroversion were significantly smaller
than those of conventional glenoid retroversion, and the values of
modified glenoid inferior inclination were significantly larger than
those of conventional glenoid inferior inclination. These results indi-
cate that glenoid orientation with respect to the glenoid longitudinal
axis will help surgeons determine proper placement of the glenoid
component during shoulder arthroplasty.
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