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Preoperative Less Right Shoulder Elevation Had a
Higher Risk of Postoperative Shoulder Imbalance

When Main Thoracic Curve Shows Higher
Correction Regardless of the Upper Instrumented

Vertebra Level for Patients with Adolescent
Idiopathic Scoliosis Lenke Type 1
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Study Design: This is a retrospective study.

Purpose: This study aimed to investigate the incidence of and risk factors for postoperative shoulder imbalance (PSI) in patients with
Lenke type 1.

Overview of Literature: PS| is a complication resulting in poor self-image and satisfaction in adolescent idiopathic scoliosis (AlS)
patients.

Methods: We examined the data of AIS patients with Lenke type 1 curves who underwent posterior fusion surgery in a retrospective
manner. PSI was defined as a 2-year postoperative absolute radiographic shoulder height (RSH) of >2 cm. Patients were divided into
two groups based on the presence of PSI and the level of their upper instrumented vertebra (UIV) (UIV at T2 or T3 [U-UIV] or UIV below
T3 [L-UIV]). The radiographic parameters and clinical outcomes were compared, and the cutoff values of risk factors were identified by
multivariate analysis.

Results: Of 104 patients, 21 (20.2%) had left shoulder elevation PSI. The PSI group had a significantly greater preoperative RSH (-5.1
mm vs. —=14.3 mm) and main thoracic (MT) curve correction rate (77.3% vs. 69.1%) than the non-PSI group. The PSI incidence did not
differ between the U-UIV and L-UIV groups. Multivariate analysis identified preoperative RSH and the MT curve correction rate as
independent risk factors for PSI. The receiver operating characteristic curve analysis identified the preoperative RSH cutoff value as
-6.5 mm and MT curve correction rate cutoff value as 76.9%.

Conclusions: Even in AIS patients with Lenke type 1 curves, the incidence of PSI was relatively high (20.2%). Patients with preop-
erative lower right shoulder elevation (i.e., RSH >-6.5 mm) had a higher risk of PSI regardless of UIV level when the MT curve showed
a higher correction rate (i.e., correction rate >76.9%).

Keywords: Adolescent idiopathic scoliosis; Shoulder balance; Coronal balance; Complications; Lenke type 1

Received Jan 10, 2022; Revised Feb 15, 2022; Accepted Mar 10, 2022

Corresponding author: Tomohiro Banno

Department of Orthopaedic Surgery, Hamamatsu University School of Medicine, 1-20-1 Handayama, Higashi-ku, Hamamatsu, Shizuoka
431-3192, Japan

Tel: +81-53-435-2299, Fax: +81-53-435-2296, E-mail: t.banno@hama-med.ac.jp

Copyright © 2023 by Korean Society of Spine Surgery
This 1s an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Asian Spine Journal * pISSN 1976-1902 eISSN 1976-7846 « www.asianspinejournal.org



Risk Factors for Postoperative Shoulder Imbalance By I

Introduction

Surgery is used for treating patients with adolescent idio-
pathic scoliosis (AIS) to maintain overall alignment, cor-
rect the spinal deformity, and prevent further progression.
Postoperative shoulder imbalance (PSI) is a significant
complication that occurs following surgical correction, es-
pecially in AIS patients with Lenke type 1 and 2 curves; it
can affect the patient’s appearance and satisfaction [1]. Lee
et al. [2] reported that patients with PSI had significantly
lower scores on the revised 22-item Scoliosis Research So-
ciety Questionnaire (SRS-22r) in the self-image, mental,
satisfaction, and total average domains than those with
balanced shoulders.

Recent segmental instrumentation systems and correc-
tion maneuvers have enabled significant improvement
in three-dimensional correction. However, PSI remains
prevalent, and it is reported in up to 25% of patients with
AIS [3]. PSI commonly occurs in patients with double
thoracic curve deformity (Lenke type 2). However, a sys-
tematic review reported that the incidence of PSI was up
to 20% in AIS patients with Lenke type 1 curve having a
nonstructural proximal thoracic (PT) curve [3]. Several
risk factors of PSI have been reported, including PT curve
stiffness, positive T1 tilt, preoperative shoulder imbal-
ance, upper instrumented vertebra (UIV) selection, PT
correction rate, and main thoracic (MT) curve hypercor-
rection [1,3-16]. Most of these studies primarily focused
on Lenke type 2 curves or on combination of types 1 and
2. Thus, available data regarding Lenke type 1 curve are
limited. There is general consensus on Lenke type 2 treat-
ment: shoulder balance should be adjusted by including
the PT curve in a fusion range and setting UIV to T1 or
T2 [9,11,12,16-18]. In contrast, in Lenke type 1, the non-
structural PT curve is usually excluded from the fusion
range because spontaneous PT curve correction occurs
after MT curve correction [19].

Therefore, understanding of the risk factors of shoulder
imbalance and proper selection of UIV in Lenke type 1
curve are crucial. To the best of our knowledge, only a few
studies have determined a clear cutoff value for each risk
factor by including proper UIV selection to prevent PSL
This study aimed to clarify the PSI incidence and risk fac-
tors and develop a surgical strategy for preventing PSI in
AIS patients with Lenke type 1 curve.

Materials and Methods
1. Patient enrollment

This retrospective study was conducted following the
Declaration of Helsinki and approved by the institutional
review board of our institution (IRB no., 18-226). The re-
quirement for informed consent from individual patients
was omitted because of the retrospective design of this
study. Eligible AIS patients with Lenke type 1 curves—de-
fined as a major MT curve with nonstructural PT curves
(Cobb angle <25° on side bending film) [20]—who under-
went posterior spinal fusion surgery between March 2011
and August 2019 at our department and had a minimum
postoperative follow-up period of 2 years were included
in this study. Patients with congenital scoliosis, syndromic
scoliosis, or anterior or revision surgery were excluded
from the study.

2. Surgical intervention

All surgeries were performed by board-certified spine sur-
geons at Hamamatsu University School of Medicine. For
determining the UIV, the PT curve magnitude and shoul-
der elevation were considered. When patients had right
shoulder elevation, one level cranial to end vertebra (EV)
(EV+1) was usually selected as the UIV. If the patient had
a relatively large PT curve or left shoulder elevation, we
extended fusion to T2 or T3. Patients were mainly treated
using pedicle screw constructs, expect when a narrow
pedicle was confirmed on preoperative computed tomog-
raphy images. Sublaminar wiring using high-molecular-
weight polyethylene cable (Nespron cable system; Alfresa
Pharma Co., Osaka, Japan) was performed at the level
that skipped pedicle screw. Rod rotation and translation
on the concave side were used as correction maneuvers.
Compression and distraction forces were applied around
the UIV level to adjust shoulder balance followed by con-
firming whole spine radiographs intraoperatively.

3. Radiographic assessment and clinical outcome

The demographic and radiological data were reviewed ret-
rospectively. Standing whole spine anteroposterior scans
that were obtained before the surgery, immediately after
the surgery, and at 2 years after the surgery were used to
determine the radiological parameters. The Risser sign
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Table 1. Demographic characteristics and radiographic parameters of PSI and
non-PSI groups

PSI group

Non-PSI group

Characteristic (n=21) (n=83) p-value
Age (yr) 16.7+3.0 15.5+2.8 0.102
Risser grade 41+0.7 3.7+0.9 0.057
Female 19(90) 80 (96) 0.945
Body mass index (kg/m?) 19.6+2.0 19.4+2.3 0.783
Lenke type 0.107
1A 15 41
1B 4 16
1C 2 26
uv 0.623
T2 3 5
T3 3 14
T4 8 34
T5 7 26
T6 0 4
Fig. 1. (A, B) Side bending radiographs were obtained by bending the spine H 0454
maximally to the right and left in the supine position while maintaining the T2 0 1
head and neck in neutral rotation. 11 9 4
L2 6 19
L3 6 22
and Cobb angle of the PT, MT, and thoracolumbar/lum- Fusion length (levels) 11.0:13 106213 0.293
bar (TL/L) curves; flexibility of each curve (as determined Preoperation
by the lateral bending radiographs) (Fig. 1); UIV and T1 IR 25,1470 24.3:64 0624
tilt; radiographic shoulder height (RSH); cervical axis; MT curve (°) 47.7+6.7 47.5¢7.0 0.886
and coronal balance (CB) measurements were obtained. TL/L curve (%) 256+8.8 29.9+8.8 0.050
The UIV tilt, T1 tilt, and RSH were found to be positive Bending PT curve (%) 16.245.0 151454 0.401
when they were measured in left-side-up position. The CB Bending MT curve (°) 26.9:10.2 29.8:8.8 0.193
was measured as the horizontal distance between the C7 Flexibility PT curve (%) 357498 37.9¢17.4 0.580
plumb line and the center sacral vertical line, and it was Flexibility MT curve (%) 44.6+18.6 37.5¢14.8 0.068
considered to be positive when the C7 plumb line was lo- UIV tilt (°) -15.3+10.6 -16.37.7 0.637
cated on the right side of the central sacral vertical line. T1 tilt (°) 0.445.4 0.8+43 0735
For sagittal parameters, thoracic kyphosis (T5-T12 RSH (mm) 514120 14.3+10.9 0.001*
kyphosis) and lumbar lordosis (L1-S1 lordosis) were de- el A 0.5:3.4 0.3:33 0.865
termined using whole spine lateral standing radiographs, CB (mm) 124149 364136 0.483
and they were evaluated by three spine surgeons. The SRS- ®e) 17148.9 147499 0313
22r was administered to assess clinical outcomes before L) 45.6:13.5 16,419 0747
the surgery and at 2 years after the surgery. Postoperation
4. Statistical analyses PT curve (°) 14.9+6.1 15.6+5.3 0.572
MT curve (°) 10.9+4.6 14.5£5.0 0.003*
PSI was defined as a postoperative absolute RSH value of TL/L curve 5951 8.0:52 0.022%
UIV tilt (°) -2.4+6.0 -4.8+4.3 0.040*

>2 cm at 2 years after the surgery [1]. Patients with PSI
were classified into PSI (RSH >2 c¢cm) and non-PSI (RSH

(Continued on next page)
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Table 1. Continued

Characteristic P?Lfg?;lp NOI’]-(ES;;])I’OUD p-value
T1tilt(°) 6.3+4.6 5.74.4 0.569
RSH (mm) 225+11.9 11.5£11.7 <0.001*
Cervical axis (°) 4.0+4.2 3.5+3.3 0.603
CB (mm) -11.1£18.5 -10.4£15.1 0.842
TK(°) 19.946.0 20.246.0 0.819
LL(°) 44.6+12.6 42.6+10.1 0.433

Correction rate

PT curve 40.4:21.9 35.2+19.4 0.293

MT curve 77.3:8.6 69.1+10.6 0.013*

PT/MT 0.52+0.29 0.50+0.26 0.791

2 Years postoperation

PT curve (°) 14.0¢5.2 13.9+5.6 0.978
MT curve (°) 12.845.4 14.545.3 0.199
TL/L curve (°) 7.7+7.0 9.145.8 0.379
UIV tilt (°) -2.2455 -4.945.2 0.037*
T1ilt(°) 6.9+3.4 4.0+4.2 0.005*
RSH (mm) 26.545.4 6.6+7.4 <0.001*
Cervical axis (°) 3.6+2.6 2.3+26 0.049*
CB (mm) -0.5£10.1 -7.2+11.0 0.013*
TK(°) 21.745.7 21.146.9 0.716
LL(°) 48.2+12.7 46.3:10.3 0.475

Values are presented as meanzstandard deviation for continuous variables and
number (%) or number for categorical variables.

PSI, postoperative shoulder imbalance; UIV, upper instrumented vertebra; LIV,
lowest instrumented vertebra; PT, proximal thoracic; MT, main thoracic; TL/L,
thoracolumbar/lumbar; RSH, radiographic shoulder height; CB, coronal balance;
TK, thoracic kyphosis; LL, lumbar lordosis.

*p<0.05 (statistically significant).

<2 cm) groups as well as U-UIV (UIV at T2 or T3) and L-
UIV (UIV below T3) groups based on the UIV level. For
univariate logistic regression analysis, demographic and
radiographic parameters were compared between these
groups using the Student #-test, Mann-Whitney U test,
chi-square test, and Fisher’s exact test. A subsequent logis-
tic regression analysis with stepwise model selection was
conducted to determine the risk factors of PSI. The sen-
sitivity, specificity, and receiver operating characteristic
(ROC) curves were measured to identify valuable indices
for predicting PSI. All statistical analyses were performed
using IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY,
USA). A p-value of <0.05 was considered statistically sig-
nificant.

Table 2. SRS-22r scores of the PSI and non-PSI groups

SRS-22 category  PSlgroup (n=21)  Non-PSl group (n=83) p-value

Function

Preop 44408 47405 0.079

2 yr postop 4604 47:04 0.324
Pain

Preop 4404 4505 0.567

2 yr postop 4405 4.60.5 0.195
Self-image

Preop 2.9:06 2906 0.737

2 yr postop 3.7+0.6 4.0:0.6 0.105
Mental

Preop 39:0.8 410.8 0.245

2 yr postop 4.2+0.6 44407 0.155
Subtotal

Preop 3.9:05 4004 0.559

2 yr postop 42403 4404 0.062
Satisfaction 4007 41403 0.331

Values are presented as meansstandard deviation, unless otherwise stated.
SRS-22r, revised Scoliosis Research Society-22; PSI, postoperative shoulder
imbalance; Preop, preoperation; Postop, postoperation.

Results

In total, 104 AIS patients with Lenke type 1 curve (includ-
ing 99 women and five men) were included in this study.
At the time of operation, the mean age and Risser grade
were 15.8+2.8 years (range, 11-24 years) and 3.8+0.9
(range, 1-5), respectively. Regarding the lumbar modi-
fier, 56 patients had type A modifier, 20 had type B, and
28 had type C. The UIVs were found to be T2, T3, T4, T5,
and T6 in eight, 17, 42, 33, and four patients, respectively.
PSI was found in 21 patients (20.2%) at 2 years after
the surgery, and all patients with PSI presented with left
shoulder elevation. The PSI group had significantly great-
er preoperative RSH (-5.1 mm versus —14.3 mm) than
the non-PSI group; however, there were no differences in
the magnitude and flexibility of each curve between the
two groups (Table 1). Postoperatively, the magnitude and
correction rate of the MT curve (77.3% versus 69.1%),
UIV tilt (-2.4° versus -4.8°), and RSH (22.5 mm versus
11.5 mm)were significantly higher in the PSI group than
in the non-PSI group; however, there were no differences
in PT correction rate between the two groups (Table 1).
Moreover, patients with PSI had significantly higher UIV
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Table 3. Demographic characteristics and radiographic parameters of U-UIV
and L-UIV groups

Characteristic U-UIV group (n=25) L-UIV group (n=79) p-value
Age (yr) 16.0£3.1 15.742.8 0630
Risser grade 39+1.0 3.8+09 0.649
Female 24.(98) 75(96) 0.654
Body mass index (kg/m?) 195+2.1 19.4+2.2 0.886
Lenke type 0.050
1A 17 39
1B 6 14
1C 2 26
uv <0.001*
iV 8 0
T3 17 0
T4 0 42
T5 0 33
T6 0 4
LIv 0432
T12 0 1
L1 15 3H
L2 6 19
L3 4 24
Fusion length (levels) 11.8+0.9 10.3+1.1 <0.001*
Preoperation
PT curve (°) 274458 235465 0.008*
MT curve (°) 471480 47.7+6.6 0.719
TL/L curve (°) 255+7.8 30.2¢9.0 0.022*
Bending PT curve (°) 17.9+46 145453 0.004*
Bending MT curve (°) 28.049.1 296491 0.459
Flexibility PT curve (%) 3392137 386+16.8 0.207
Flexibility MT curve (%) 40.2+19.3 385+14.7 0.643
UIViilt (°) -6.8+10.4 -19.04.7 <0.001*
T1Hilt (°) 08453 -1.2442 0.047*
RSH (mm) -10.1£13.0 1324112 0.254
Cervical axis (°) 1.7+3.1 01433 0.022*
CB(mm) 0.3£129 -4.0+14.1 0.244
TK(°) 14.4+10.7 155494 0647
LL() 465+11.8 46.249.6 0.901
Postoperation
PT curve (°) 16.3+3.8 15.245.9 0392
MT curve (°) 14.4+4.3 136454 0.455
TL/L curve (°) 71445 88:56 0.170
UIVilt (°) 0.0+4.8 -5.6+39 <0.001*
T1Hilt (°) 6.33.1 5.7+4.8 0.569

(Continued on next page)

Table 3. Continued

Characteristic U-UIV group (n=25) L-UIV group (n=79) p-value
RSH (mm) 13.9+134 136+12.3 0.935
Cervical axis (°) 4034 3535 0.468
CB (mm) -18+146 -11.4+16.1 0.329
TK(?) 195465 20358 0.562
LL(°) 43.0+10.7 43.0+10.6 0.987
Correction rate

PT curve 39.3+139 35.3+215 0.388
MT curve 68.8+9.7 71.4£11.0 0.289
PT/MT 057+0.17 0.48:0.29 0.185

2 Years postoperation
PT curve (°) 15.5+4.4 134457 0.103
MT curve (°) 13944 14.2456 0.803
TL/L curve (°) 75459 9.246.1 0.231
UV tilt(°) 05+4.8 -5.8+4.6 <0.001*
T1Hilt(°) 55+2.9 4.3+45 0.231
RSH (mm) 11.9+11.7 10.2+10.3 0.485
PSI 6(29) 15(18) 0.586
Cervical axis (°) 31423 24428 0223
CB (mm) -3.9:11.8 -6.4+10.9 0.324
TK(°) 19.646.2 21.86.7 0.157
LL() 47.8+11.0 46.3+10.8 0539

Values are presented as meanzstandard deviation for continuous variables and
number (%) or number for categorical variables.

UIV, upper instrumented vertebra; U-UIV, UIV at T2 or T3; L-UIV, UIV below T3;
LIV, lowest instrumented vertebra; PT, proximal thoracic; MT, main thoracic; TL/L,
thoracolumbar/lumbar; RSH, radiographic shoulder height; CB, coronal balance;
TK, thoracic kyphosis; LL, lumbar lordosis; PSI, postoperative shoulder imbal-
ance.

*p<0.05 (statistically significant).

tilt, T1 tilt, RSH, cervical axis, and CB at 2 years after the
surgery than before the surgery (Table 1). Compared with
before surgery, the sagittal parameters (Table 1) and SRS-
22r scores in any domain (Table 2) remained unchanged
at 2 years after the surgery.

Overall, 25 and 79 patients were classified as having U-
UIV and L-UIV, respectively. Preoperatively, the U-UIV
group had a significantly greater PT curve, smaller TL/L
curve, higher T1 tilt, and higher cervical axis than the L-
UIV group (Table 3). However, the PT and MT curve cor-
rection rates and radiographic parameters at 2 years after
the surgery did not differ between the two groups (Table
3). Moreover, the PSI incidence did not differ between the
two groups (Table 3).
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Preoperative RSH MT curve correction rate
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Fig. 2. Receiver operating characteristic curves of the preoperative radiographic shoulder height (RSH) (A) and the main thoracic (MT)
curve correction rate (B) for postoperative shoulder imbalance 2 years after the operation. AUC, area under the receiver operating char-
acteristic curve.

Fig. 3. A 17-year-old male with type 1A curve. (A) Preoperative standing whole spine radiograph. (B) Standing whole spine radio-
graphs just after operation. (C) Standing whole spine radiographs at 2 years after operation. The preoperative Cobb angles of the
proximal thoracic (PT) curve, main thoracic (MT) curve, and thoracolumbar/lumbar (TL/L) curve were 24° (T1-5) and 61° (T5-T12),
and 31° (T12-L4), respectively. Preoperative right shoulder elevation was observed (radiographic shoulder height [RSH]=-32 mm) (A).
T4-L3 fusion was performed. The MT curve was corrected to 25° (correction rate=59%) (B). No postoperative shoulder imbalance
was observed (RSH=6 mm) (C).

Multivariate analysis identified preoperative RSH (odds 1.092; 95% CI, 1.033-1.153; p=0.002) as independent risk
ratio [OR], 1.098; 95% confidence interval [CI], 1.035- factors of PSI. The ROC analysis determined cutoff value
1.165; p=0.002) and the MT curve correction rate (OR, for preoperative RSH was —6.5 mm, with a sensitivity and
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Fig. 4. A 16-year-old female with type 1A curve. (A) Preoperative standing whole spine radiograph. (B) Standing whole spine
radiographs just after operation. (C) Standing whole spine radiographs at 2 years after operation. The preoperative Cobb angles
of the proximal thoracic (PT) curve, main thoracic (MT) curve, and thoracolumbar/lumbar (TL/L) curve were 21° (T1-6) and 50° (T6—
L2), and 23° (L2-L5), respectively. No preoperative shoulder imbalance was observed (radiographic shoulder height [RSH]=0 mm)
(A). T5-L3 fusion was performed. The MT curve was corrected to 6° (correction rate=88%) (B). Postoperative shoulder imbal-

ance was observed (RSH=29 mm) (C).

specificity of 71% and 77%, respectively. The area under
the ROC curve (AUC) was 0.731 (95% CI, 0.598-0.865;
p=0.001). The cutoff value for MT curve correction was
76.9%, with a sensitivity and specificity of 67% and 80%,
respectively (AUC, 0.732; 95% CI, 0.623-0.842; p=0.001)
(Fig. 2). Overall, 11 of 17 patients (65%) with preoperative
RSH of >—6.5 mm and MT curve correction rate of >76.9%
experienced PSI, whereas only two of 53 patients (3.8%)
without both the risk factors experienced PSI (Figs. 3, 4).

Discussion

For patients with AIS, clinical appearance after the surgery
is a major concern, and poor self-image and low satisfac-
tion are associated with the severity of deformities [21,22].
PSI is recognized as an important complication after cor-
rective fusion surgery, and it can result in poor cosmetic
outcomes; moreover, in some cases, it requires reoperation
[1]. The most common type of scoliosis is a Lenke type
1 curve, which is characterized by a structural MT curve
with a nonstructural PT curve. Hence, spine surgeons are
experienced in treating this type of surgical correction.

Shoulder imbalances can be spontaneously resolved intra-
and post-operatively, owing to the PT curve flexibility,
which might contribute to the low PSI incidence. How-
ever, the reported frequency of PSI in Lenke type 1 curve
was not low. Zhang et al. [3] reported that the incidence of
PSIin Lenke 1, 2, 5, and mixed types were 20% (9%-31%),
26% (15%-37%), 31% (17%-45%), and 27% (19%-35%),
respectively. Based on a report by Smyrnis et al. [1], sug-
gesting that the postoperative shoulder asymmetry of >2
cm was a potential cause of dissatisfaction, we defined PSI
as a postoperative shoulder elevation of >2 cm in the left
or right shoulder. We demonstrated that, in patients with
AIS Lenke type 1 curve, the incidence of PSI was 20.2%
at 2 years after the surgery; this finding is consistent with
previous studies.

We found that preoperative RSH could be a risk factor
of PSI in AIS patients with Lenke type 1 curve. According
to several studies, preoperative shoulder balance influ-
ences postoperative shoulder balance [4,6]. Hong et al.
[4] examined 89 AIS patients with six curvature types,
and they reported that patients with a smaller preopera-
tive shoulder imbalance were more likely to have greater
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postoperative shoulder imbalances. PSI may also occur in
AIS patients with Lenke type 2 curve, which is character-
ized by preoperative positive RSH (left shoulder elevation)
and a structural PT curve, followed by scoliosis correc-
tion. In contrast, in Lenke type 1 cases—characterized
by preoperative negative RSH (right shoulder elevation)
and a nonstructural PT curve—the postoperative RSH
changes and PSI risks remain unclear. However, patients
with lower right shoulder elevation (i.e., preoperative RSH
>-6.5 mm) were found to have a potential PSI risk, even
those with Lenke type 1 curve.

In this study, MT curve correction rate was another
factor influencing PSI. Regarding Lenke type 2, Suk et
al. [15] reported that hypercorrecting the MT curve was
a risk factor of shoulder balance impairment. Moreover,
several studies have suggested that a smaller correction of
the PT curve and higher correction of the MT curve are
associated with PSI, thereby emphasizing the importance
of the relationship between PT and MT curve correction
[3,10,23]. In contrast, Gotfryd et al. [24] reported no cor-
relation between postoperative shoulder balance and the
amount of PT and MT curve correction for Lenke type 1.
In patients with Lenke type 1A curve, the nonstructural
PT curve could spontaneously improve postoperatively
along with MT curve correction [19,25]. A study indi-
cated that postoperative spontaneous PT curve correction
was related to preoperative bending PT curves [19]. How-
ever, predicting the behavior of postoperative nonfused
PT curves remains difficult. Therefore, in this study, only
MT curve correction was found to be a potential factor
related to PSI. Similar to the findings of our study, Mat-
sumoto et al. [26] demonstrated that the postoperative
clavicle angle correlated with the preoperative clavicle
angle and MT curve correction rate in patients Lenke
type 1Acurve. However, they did not determine the cutoff
values for each PSI risk factor. Our results suggest that
patients with preoperative lower right shoulder eleva-
tion (i.e., preoperative RSH >—6.5 mm) have a risk of PSI
when the MT curve shows a higher correction rate (i.e., a
correction rate >76.9%). Recently, segmental instrumen-
tation systems coupled with posterior column osteotomy
techniques have allowed surgeons to achieve considerable
scoliosis correction. However, as reported in the present
study, high MT curve correction can easily lead to shoul-
der asymmetry with PT curve compensation failure.

In this study, the UIV levels did not affect the PSI in-
cidence. Similar to the findings of our study, Amir et al.

[8] demonstrated that the UIV level does not guarantee
postoperative lateral shoulder balance. However, in cases
of Lenke type 2 curves, double curve fusion and setting
the UIV to T1 or T2 for achieving sufficient PT curve cor-
rection were recommended to avoid PSI, especially in pa-
tients with preoperative left shoulder elevation [12,15]. In
contrast, the nonstructural PT curve is usually excluded
from the fusion area because it spontaneously corrects
with MT curve correction consistently [19]. Thus, in cases
of Lenke type 1 curve, the selection of the most suitable
UIV for preventing PSI remains controversial. Elfiky et al.
[25] suggested considering fusion into the PT curve only
when the PT Cobb angle was >45° because postopera-
tive spontaneous PT curve correction is expected in such
cases. Based on our findings regarding to Lenke type 1
curves, we recommend under-correcting the MT curve
(76.9% correction rate) in patients with lower right shoul-
der elevation (i.e., RSH >—6.5 mm) rather than extending
the UIV level to prevent PSI. We found no correlation be-
tween the SRS-22r scores and PSI. Most patients achieved
sufficient scoliosis correction and satisfactory clinical
outcomes. Therefore, PSI might not considerably affect
patient satisfaction.

This study has some limitations. This was a retrospec-
tive study, and the UIV selection tended to extend UIV
to T2 or T3 in cases with relatively large PT curves and a
positive T1 tilt. These preoperative selection biases might
have affected the incidence of PSI. A comparative study
investigating the incidence of PSI based on the UIV level
using similar baseline characteristics and deformities is
required. However, the present study suggests that when
the PT curve is included in the fusion area, it should be
carefully corrected to optimize shoulder balance, espe-
cially when larger MT curve corrections are performed.

Conclusions

The incidence of PSI was relatively high (20.2%), even in
patients with AIS Lenke type 1 curve. Patients with preop-
erative lower right shoulder elevation (preoperative RSH
>—6.5 mm) had a higher risk of PSI when the MT curve
was well corrected (correction rate >76.9%), regardless of
the UIV level.
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