
lable at ScienceDirect

JSES Reviews, Reports, and Techniques 4 (2024) 398e405
Contents lists avai
JSES Reviews, Reports, and Techniques

journal homepage: www.jsesreviewsreportstech.org
Relation between spine alignment and scapular position by plain
radiograph examination

Jun Kawamata, MDa, Shoji Fukuta, MD, PhDb, Daisuke Nakai, MD, PhDa,
Masashi Kano, MDa, Fumitake Tezuka, MD, PhDa, Keizo Wada, MD, PhDa,
Koichi Sairyo, MD, PhDa,*

aDepartment of Orthopedics, Tokushima University, Tokushima, Japan
bDepartment of Orthopaedic Surgery, National Hospital Organization Kochi National Hospital, Kochi, Japan
a r t i c l e i n f o

Keywords:
Shoulder
Scapula
Glenoid anteversion
Glenoid anterior tilt
Spine alignment
Impingement syndrome

Level of evidence: Level III; Retrospective
Cohort Study
This study was approved by the institutional revie
versity (approval number 2069-6, 4429).
*Corresponding author: Koichi Sairyo, MD, PhD,

Tokushima University, 3-18-15 Kuramoto, Tokushima
E-mail address: sairyokun@gmail.com (K. Sairyo).

https://doi.org/10.1016/j.xrrt.2024.02.009
2666-6391/© 2024 The Author(s). Published by Elsevi
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Background: Both scapular dynamics and static scapular position are important in the treatment of
shoulder dysfunction. This study aimed to create an index that can evaluate scapular position on plain
radiographs and evaluate the relation between scapular position and posture accurately.
Methods: Using four fresh frozen cadavers, we developed a glenoid angle grade based on the degree of
overlap between the shadow of the coracoid inflection point and the upper edge of the scapula on frontal
plain radiographs: grade 1, no overlap; grade 2, overlaps by less than half of the shadow; grade 3,
overlaps by more than half. We then performed a retrospective cohort study that included 329 shoulders
of 329 patients who underwent spine surgery. Spine alignment parameters (SPAPs), including cervical
lordosis (CL), thoracic kyphosis (TK), lumbar lordosis (LL), pelvic incidence, pelvic tilt, sacral slope, and
sagittal vertical axis were measured on standing lateral plain radiographs. Glenoid anterior tilt (GAT) and
glenoid anteversion angle (GAVA) were calculated on frontal radiographs and three-dimensional
computed tomography scans. Correlations between SPAPs and each angle were investigated, and inde-
pendent influencing factors were sought in multivariate analysis. Individual factors, GAT, GAVA, and
SPAPs were compared among the grades.
Results: SPAPs associated with GAT were sagittal vertical axis (R ¼ 0.14, P ¼ .011), TK (R ¼ 0.12, P ¼ .026),
and LL (R ¼ �0.11, P ¼ .046). Multivariate analysis identified TK and LL as independent influencing factors
(TK, P ¼ .001; LL, P ¼ .008). SPAPs associated with GAVA were CL (R ¼ 0.17, P ¼ .002), TK (R ¼ 0.29, P <
.001), and LL (R ¼ 0.25, P < .001). Multivariate analysis identified CL, TK, and LL as independent influ-
encing factors (CL, P ¼ .01; TK, P ¼ .03; LL, P ¼ .03). There were 183, 127, and 19 cases categorized as
grades 1, 2, and 3. GAT (grade 1, 24.0 ± 7.8; 2, 32.4 ± 7.0; 3, 41.0 ± 7.8), GAVA (1, 29.3 ± 7.6; 2, 33.7 ± 9.5; 3,
31.5 ± 8.3), and TK (1, 30.6 ± 13.6; 2, 35.1 ± 14.2; 3, 43.1 ± 20.4) differed significantly according to grade.
Conclusion: We identified factors that influence scapular position and demonstrated that scapular
position can be estimated by a grading system using plain radiographs.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Abnormal scapular or clavicular kinematics have been identified
in populations with shoulder impingement,9,13,31 rotator cuff ten-
dinopathy,17,19 rotator cuff tears,6,19,25 shoulder instability,22,24,25

and adhesive capsulitis.10,18 Abnormal kinematics in that pop-
ulations induce shoulder outlet impingement. Shoulder dysfunc-
tion may result from not only abnormal scapular dynamics but also
static scapular position.12,23,27 Otoshi et al described the relation
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between thoracic kyphosis (TK) and abnormal flexion at the
shoulder joint.23 Increased TK seems to result in an increase in the
scapular anterior tilt angle and the glenoid anteversion angle
(GAVA). Although there has been many reports on the position of
the scapula estimated from the body surface, there have been no
reports on the relation between the scapular position and spine
alignment, including TK.

Two randomized clinical trials have compared the effectiveness
of a scapula-focused exercise programwith that of general shoulder
rehabilitation and found that exercises targeting the scapula
resulted in favorable patient-reported outcomes.1,29 There are also
reports of a rehabilitation intervention centered on the scapula
being effective for shoulder impingement syndrome.5,30 In those
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Figure 1 Device used to control the position of the scapula. (A) The device used in the cadaver simulation component of this study. We set the scapula to be parallel to the short axis
of the glenoid to the ground. (B) The degree of glenoid anterior tilt was controlled using the device. (C) The degree of glenoid anteversion was also controlled with the device.
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studies, a reduction in TK was thought to improve range of motion
(ROM) at the shoulder, and physical therapy that included thrust
manipulation of the thoracic spine resulted in a statistically sig-
nificant decrease in self-reported pain measures and disability in
patients with shoulder impingement syndrome.5,30 These results
may also be attributed to the scapular position. However, there is
still no objective method that can easily evaluate changes in
scapular position. Therefore, it has not been possible to judge the
true effectiveness of rehabilitation interventions.

The aim of this research was to create a grade that can evaluate
the position of the scapula on plain radiographs and accurately
evaluate the relation between the position of the scapula and spine
alignment parameters (SPAPs).

Materials and methods

Study design

In Part 1 of this study, we developed a glenoid angle grade in
cadavers. In Part 2, we retrospectively investigated the correlations
of the SPAPs with the position of the glenoid and the associations of
the glenoid angle grade with the SPAPs.

Part 1: glenoid angle classification system developed using cadavers

This component of the study was performed using four fresh
frozen Japanese cadavers (three male, one female) with a mean age
at the time of death of 79.3 (range, 73-92) years. All the cadavers
were donated to Tokushima University for research purposes. The
study was approved by the institutional review board of Tokushima
University. None of the specimens showed signs of previous sur-
gery, trauma, abnormal osseous anatomy, or severe osteoarthritis
with whole body computed tomography (CT) as autopsy imaging.

The right scapula was dissected from each cadaver, and frontal
plain radiographs were obtained at 5-degree intervals in
399
adduction/abduction (0-50 degrees) and internal/external rotation
(0-50 degrees) using a device that can control the angle of the
scapula (Fig. 1). We then developed the following classification
system based on the degree of overlap between the shadow of the
coracoid inflection point and the upper edge of the scapula seen on
frontal plain radiographs of the scapula: grade 1, no overlap; grade
2, overlaps less than half of the shadow of the coracoid inflection
point; grade 3, overlaps more than half of the shadow of the
coracoid inflection point (Fig. 2). Radiographs were classified ac-
cording to these grades, and the distributions of grade were
demonstrated in each specimen.

Part 2: retrospective cohort study

Study population
This part of the study was a retrospective cohort study of pa-

tients aged older than 40 years who underwent surgery for chronic
degenerative disease of the thoracolumbar spine in our department
between 2017 and 2023 and for whom preoperative standing
whole-spine plain radiographs (frontal and lateral) and CT scans
that included the glenohumeral joint were available. The study was
approved by the institutional review board of Tokushima Univer-
sity. Patients with more than a 5-mm difference in shoulder mea-
surements between sides were excluded to avoid the confounding
effect of factors such as scoliosis. Patients with a skeletal abnor-
mality at the shoulder, such as osteoarthritis, cuff tear arthropathy,
or a history of shoulder surgery, were also excluded. Finally, 329
shoulders of 329 patients (male, n¼174; female, n¼155) were
included. The mean age at the time of surgery was 70.7 (range, 40-
87) years.

Evaluations
The radiographer instructed the patient to relax and not tense or

flex muscles, especially in the upper extremities when standing
plain radiographs were obtained in the frontal view and positioned



Figure 2 Classification of scapular position. The glenoid angle classification was based on the degree of overlap between the shadow of the coracoid inflection (red circle) point and
the upper edge of the scapula (red line) seen on a frontal plain X-ray image of the scapula. (A) Grade 1, no overlap. (B) Grade 2, overlaps less than half of the shadow of the coracoid
inflection point. (C) Grade 3, overlaps more than half of the shadow of the coracoid inflection point.
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the shoulder in minimum flexion such that the spine and humerus
did not overlap in the lateral view. The X-ray tube was positioned
200 cm from the patient to approximate the X-ray beam angle as in
previous reports.15,20 A calibration marker was applied to radio-
graphs in both views.

The following SPAPs were measured on lateral plain radio-
graphs: cervical lordosis (CL; C3-7), TK (T1-12), lumbar lordosis (LL;
T12-S1), pelvic incidence, pelvic tilt, sacral slope, and sagittal ver-
tical axis (Fig. 3). The apparent long and short axes were measured
in the frontal view of standing plain radiographs including bilateral
shoulder (C and D, respectively, in Fig. 4). The actual axes of the
glenoid were measured on three-dimensional CT scans (long axis
[A] and short axis [B] in Fig. 4). We also calculated the glenoid
anterior tilt (GAT) and GAVA of the glenoid. GAT (:E in Fig. 4) was
defined as the angle formed by C/A and calculated using the
following formula: cosE¼ C/A. GAVA (:F in Fig. 4) was defined as
the angle formed by D/B and calculated using the following for-
mula: sinF¼ D/B.
Analysis
The correlations between the SPAPs and each angle were

investigated, and independent influencing factors were sought in
multivariate analysis. Individual factors, GAT, GAVA, and SPAPs
were compared according to grade.
Figure 3 Spinal parameters investigated in this study. From the upper left hand side,
cervical lordosis (CL; C3-7), thoracic kyphosis (TK; T1-12), lumbar lordosis (LL; T12-
S1), pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), and sagittal vertical axis
(SVA).
Statistical analysis

Examiner A (J.K.) examined the three-dimensional CT scans for
100 randomly selected shoulders in this case series on two occasions
separated by an interval of 2 weeks to confirm the intraobserver
reliability of our classification of the position of the scapula. Exam-
iner B (M.K., a shoulder surgeon and one of the study investigators)
also determined the classification on the same radiographs to ensure
interobserver reliability. Intraobserver and interobserver reliability
was then evaluated using k value analysis according to the Landis
and Koch criteria (�0.81, almost perfect agreement; 0.61-0.80, sub-
stantial agreement; 0.41-0.60, moderate agreement; 0.21-0.40, fair
agreement; and �0.20, slight agreement).
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Figure 4 Calculation of the anteroposterior inclination (glenoid anterior tilt [GAT]) and the internal/external rotation angle (glenoid anteversion angle [GAVA]) of the glenoid. (A)
The actual axes of the glenoid were measured on three-dimensional computed tomography scans (long axis, A; short axis, B). (B) Apparent long axis (C) and short axis (D) were
measured on the frontal view. (C) GAT(:E) was defined as the angle formed by C/A and was calculated using the following formula: cosE ¼ C/A. (D) GAVA(:F) was defined as the
angle formed by D/B and calculated using the following formula: sinF¼ D/B.
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Quantitative data were examined using the ManneWhitney U
test and categorical data using Fisher’s exact test. The Spearman
correlation method was used to assess the relation between SPAPs
and each angle to screen for independent variables to be included
in the multiple linear regression model. Variables that showed a
statistically significant correlation with each angle were entered
into the candidate model. Results were compared between three
groups with Bonferroni correction. All statistical analyses were
performed using SPSS version 27.0.1.0 software (IBM Corp.,
Armonk, NY, USA). A P value < .05 was considered statistically
significant.

Results

Cadaveric simulation of glenoid angle grade

The distribution of grades for each cadaver is shown in Figure 5.
In all cadavers, the grade became higher with an increasing angle.
Intraobserver reliability of the classification of the position of the
glenoid was evaluated as substantial (k ¼ 0.72; 95% confidence
interval [CI]: 0.59, 0.85), as was interobserver reliability (k ¼ 0.64,
95% CI: 0.50, 0.79).

Retrospective cohort study

The correlations among the SPAPs are shown in Table I. All SPAPs
were strongly correlated. Those associated with GAT were sagittal
vertical axis (R¼0.14;95%CI: 0.03,0.25;P¼ .011), TK(R¼0.12;95%CI:
0.01, 0.23; P ¼ .026), and LL (R ¼ �0.11; 95% CI: -0.22, 0.01; P ¼ .046)
(Table II). Multivariate analysis identified TK and LL as independent
influencing factors (TK, t ¼ 3.41, P ¼ .001; LL, t ¼ �2.66, P ¼ .008)
(Table III). SPAPs associatedwithGAVAwereCL (R¼0.17;95%CI: 0.06,
0.28; P¼ .002), TK (R¼ 0.29; 95% CI: 0.18, 0.39; P < .001), and LL (R¼
0.25; 95% CI: 0.15, 0.35; P < .001) (Table II). Multivariate analysis
identified CL, TK, and LL to be independent influencing factors (CL, t¼
2.6, P ¼ .01; TK, t ¼ 2.2, P ¼ .03; LL, t ¼ �2.2, P ¼ .03) (Table III).
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A total of 183 cases were categorized as grade 1, 127 cases as
grade 2, and 19 cases as grade 3. Significant differences between
grades were found for the following: GAT (grade 1, 24.0 ± 7.8; grade
2, 32.4 ± 7.0; grade 3, 41.0 ± 7.8), GAVA (grade 1, 29.3 ± 7.6; grade 2,
33.7 ± 9.5; grade 3, 31.5 ± 8.3), and TK (grade 1, 30.6 ± 13.6; grade 2,
35.1 ± 14.2; grade 3, 43.1 ± 20.4) (Table IV). The distribution of cases
is shown in Figure 6. The grade reflected GAT particularly clearly.

Discussion

The relation between spine alignment and joints has been
widely investigated, and hip-spine syndrome (HSS), which includes
concomitant lumbar spine and hip disorders, has been the relation
most often discussed.21,26 HSS was originally described in 1983 by
Offierski andMacNab,21 who identified four subcategories that they
labeled as simple, secondary, complex, and misdiagnosed. As with
HSS, a relationship between the thoracic spine and shoulder joint
has been reported.16,23 Otoshi et al assessed the relation between
TK and limitation of ROM in flexion at the shoulder joint.23 Lewis
et al compared shoulder movement between a natural and erect
thoracic posture16 and demonstrated that even a small change in TK
can improve ROM at the shoulder. The reduced ROM at the shoul-
der in a slouched sitting position may be explained by a change in
the scapular position to a more protracted anteriorly tilted and
medially rotated position, potentially acting as a mechanical block
to elevation of the shoulder.7 It has also been reported that a
slouched posture results in significantly less posterior tilting of the
scapula and less active abduction of the shoulder in comparison
with an erect posture14 and that forward and downward rotation of
the scapula depresses the acromial process and changes the di-
rection of the glenoid fossa in patients with TK.12

In this study, we investigated the relation between spine
alignment and the angle of the scapula on plain radiographs. We
identified TK and LL to be independent influencing factors for GAT
and CL, TK, and LL to be independent influencing factors for GAVA.
TK in particular was associated with malpositioning of the scapula,



Figure 5 Distribution of grades for each cadaver. Panel (A) Data for 73 male cadavers, (B) for 76 male cadavers, (C) for 76 male cadavers, and (D) for 92 female cadavers. The grade
became higher with increasing degrees of GAT and GAVA. GAT, glenoid anterior tilt; GAVA, glenoid anteversion angle.

Table I
Correlations between spine alignment parameters.

PI PT SS LL TK CL

SVA 0.12* (0.01, 0.23) 0.28y (0.17, 0.38) �0.19y (�0.08, �0.30) �0.49y (�0.40, �0.57) �0.18y (�0.06, �0.29) 0.28y (0.17, 0.38)
CL 0.05 (�0.06, 0.16) 0.16y (0.05, 0.27) �0.08 (�0.18, 0.03) �0.04 (�0.15, 0.07) 0.35y (0.24, 0.46)
TK 0.12* (0.01, 0.22) �0.007 (�0.12, 0.11) 0.22y (0.11, 0.33) 0.56y (0.47, 0.64)
LL 0.12* (0.01, 0.22) �0.20y (�0.31, �0.09) 0.76y (0.69, 0.81)
SS 0.10 (�0.01, 0.21) �0.28y (�0.38, �0.17)
PT 0.48y (0.38, 0.57)

CL, cervical lordosis; LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TK, thoracic kyphosis.
Data are expressed as the Spearman correlation (95% confidence interval).

*P < .05.
yP < .01.
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which is consistent with a previous report of the effectiveness of
shoulder rehabilitation that included an intervention for TK.5,30 LL
and CL were also associated with malpositioning of the scapula.
Although they were correlated with TK (Table I), multicollinearity
in multivariate analysis was not high (Table III), and interventions
for LL and CL were thought to be effective.

The high correlation among SPAPs demonstrated in Table I was
predictable. Other reports have also found a moderate to strong cor-
relation between pelvic incidence and LL.3,8,11,28 Lee et al reported a
significant sequential link between pelvic incidence and sacral slope,
sacral slope and LL, and LL and TK but found no significant relation
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between TK and CL.15 Another study found a decrease in CL with
increasing TK.4 Berthonnaud et al also reported a positive correlation
between CL and TK, however, the correlation coefficient was weaker
than that between pelvic and lumbar parameters.2 They stated that
the reason for this phenomenon might be that the thoracic spine is
less mobile than the cervical spine and lumbar spine.

Considering the previous studies demonstrating the value of a
scapula/thoracic approach to shoulder dysfunction,1,5,29,30 we
created the grade that can evaluate the position of the scapula on
plain radiographs. Using this grading system, we demonstrated
statistically significant differences in GAT, GAVA, and TK according



Table II
Correlations between the glenoid angle and spine alignment parameters.

Variable Glenoid anterior tilt Glenoid anteversion angle

R 95% CI P value R 95% CI P value

SVA 0.14 0.03, 0.25 .011* �0.076 �0.18, 0.02 .19
CL 0.10 �0.02, 0.21 .075 0.17 0.06, 0.28 .002y

TK 0.12 0.01, 0.23 .026* 0.29 0.18, 0.39 <.001y

LL �0.11 �0.22, �0.01 .046* 0.25 0.15, 0.35 <.001y

SS �0.10 �0.21, 0.01 .066 0.073 �0.04, 0.19 .19
PT �0.049 �0.16, 0.05 .37 0.029 �0.03, 0.17 .60
PI �0.066 �0.18, - 0.04 .23 0.071 �0.03, 0.17 .20

CI, confidence interval; CL, cervical lordosis; LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TK, thoracic kyphosis.
*P < .05.
yP < .01.

Table III
Correlations between the glenoid angle and spine parameters identified in multivariable analysis.

Dependent variable: glenoid anterior tilt (adjusted R2 ¼ 0.05, P < .001)

Predictive variable Coefficient (95% CI) Standardized coefficient t P value VIF

SVA 0.11 (�0.11, 0.33) 0.07 1.00 .32 1.52
TK 0.14 (0.06, 0.22) 0.22 3.41 .001* 1.46
LL �0.11 (�0.20, �0.03) �0.21 �2.66 .008* 2.08

Dependent variable: glenoid anteversion angle (adjusted R2 ¼ 0.11, P < .001)

Predictive variable Coefficient (95% CI) Standardized coefficient t P value VIF

CL 0.12 (�0.03, 0.20) 0.17 2.60 .01y 1.48
TK 0.10 (0.01, 0.18) 0.16 2.20 .03y 2.04
LL 0.08 (�0.08, �0.15) �0.15 2.20 .03y 1.73

CI, confidence interval; CL, cervical lordosis; LL, lumbar lordosis; SVA, sagittal vertical axis; TK, thoracic kyphosis; VIF, variance inflation factor.
*P < .01.
yP < .05.

Table IV
Comparison of grades of glenoid angle between multiple groups.

Variable All (N ¼ 329) Scapular angle grade P value

Grade 1
(n ¼ 183)

Grade 2
(n ¼ 127)

Grade 3
(n ¼ 19)

1 vs. 2 1 vs. 3 2 vs. 3

Age (years) 70.7 ± 9.0 70.1 ± 9.1 71.8 ± 8.0 71.5 ± 9.4 .18 >.99 >.99
Sex (male/female) 174/155 87/96 76/51 11/8 .11 >.99 >.99
BMI 24.9 ± 4.1 24.3 ± 3.7 25.5 ± 4.2 26.1 ± 5.8 .01* .53 >.99
Glenoid anterior tilt (degrees) 28.2 ± 9.0 24.0 ± 7.8 32.4 ± 7.0 41.0 ± 7.8 <.001y <.001y <.001y

Glenoid anteversion angle (degrees) 31.1 ± 8.7 29.3 ± 7.6 33.7 ± 9.5 31.5 ± 8.3 <.001y >.99 .88
SVA (mm) 5.3 ± 5.4 4.6 ± 5.0 5.7 ± 5.2 9.7 ± 8.5 .14 .013* .097
CL (degrees) 12.5 ± 12.2 11.4 ± 11.0 12.8 ± 12.1 21.0 ± 19.3 >.99 .097 .24
TK (degrees) 33.0 ± 14.6 30.6 ± 13.6 35.1 ± 14.2 43.1 ± 20.4 .008y .03* .34
LL (degrees) 31.4 ± 16.6 31.8 ± 16.4 32.4 ± 14.6 20.4 ± 26.3 >.99 .16 .13
SS (degrees) 23.9 ± 9.6 24.5 ± 9.7 24.0 ± 8.9 18.4 ± 12.4 >.99 .15 .15
PT (degrees) 28.4 ± 10.2 28.4 ± 10.6 28.1 ± 9.3 30.6 ± 11.8 >.99 >.99 >.99
PI (degrees) 69.9 ± 11.2 69.7 ± 11.9 70.2 ± 10.5 70.8 ± 8.5 >.99 >.99 >.99

BMI, body mass index; CL, cervical lordosis; LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TK, thoracic kyphosis.
Data are expressed as number of shoulders or as the mean ± standard deviation.
After Bonferroni correction.

*P < .05.
yP < .01.
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to grade. In each grade, the angles were correctly reflected. There
was also a proportional increase in TK, as with the angles. We
consider that our grading system can serve as an index for judging
the effectiveness of the approach to the glenoid angle and TK. The
distribution of each grade mainly reflects GAT, and several different
distributions were observed for GAVA. This may reflect the indi-
vidual shape of the coracoid process.

The main limitation of this study was its retrospective design
in the Part 2 component, which raises the possibility of selection
bias in that all patients enrolled in the study were investigated
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before surgery for a spinal disorder. However, overall, the mean
values for the cervical and thoracic spine parameters investigated
were very similar to those found in a large cohort of Japanese
volunteers.20 The possibility of a shoulder disorder was excluded
as far as possible by not including patients with a history of
surgery, osteoarthritis, or marked differences in shoulder
measurements between sides.

We plan to research the relation between postural abnormal-
ities and functioning of the shoulder joint in the future. In
shoulder joint surgery, there is a possibility that the results of the



Figure 6 Distribution of cases according to grade. The blue circles represent grade 1
cases, the yellow triangles represent grade 2 cases, and the red square represent grade 3
cases. Each case shows a higher grade with increasing degrees of glenoid anterior tilt
and glenoid anteversion angle. GAT, glenoid anterior tilt; GAVA, glenoid anteversion
angle.
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same surgical procedure for the same disease differ because of
malpositioning of the scapula. Our classification system would be
useful as a simple index for determining the position of the
scapula, particularly in patients undergoing reverse shoulder
arthroplasty. It may also be possible to elucidate the relation be-
tween postural abnormalities and shoulder joint function further
by measuring the muscle volume of the paraspinal muscles and
muscles around the shoulder joint. Furthermore, surface electro-
myography investigations could be useful for identifying muscles
that become overactive and those that become less active in
response to changes in posture. We believe that it would be
possible to establish a rehabilitation program that focuses on the
identified muscles as a fundamental treatment for shoulder joint
disease or as an adjuvant therapy in the perioperative period in
patients undergoing shoulder joint surgery.

Conclusion

In this study, we investigated the relation between SPAPs and
scapular position, identified independent influencing factors, and
demonstrated that the scapular position can be estimated by
grading using simple plain radiographs. In the future, we plan to
investigate the relation between the clinical findings at the shoul-
der joint and the position of the scapula using this classification
system to help elucidate the pathology of shoulder joint diseases,
including SPAPs.
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