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Abstract

Background: Although recent studies have investigated the risk factors for PSI, few studies have focused on the
impact of scoliotic correction on postoperative shoulder imbalance (PSI), especially in severe and rigid scoliosis (SRS).
The purpose of the study was to study the effect of scoliotic correction on PSIin SRS.

Methods: The preoperative, postoperative, and minimum 2-year follow-up radiographs of 48 consecutive patients
with SRS who underwent posterior spinal fusion surgery were evaluated. We regarded radiographic shoulder height
(RSH) as a shoulder balance parameter and divided the patients into improved and aggravated groups of PSI from
pre- to post-operation and from post-operation to last follow-up, respectively. In addition, patients were divided
into nine groups based on the observed changes in PSI after surgery and at follow-up, and the correction rate ratios
were calculated among the groups. Independent samples T test and Chi-squared test were performed between the
improved and aggravated groups of PSI.

Results: After surgery, the proximal thoracic curve (PTC) flexibility (P=0.040), correction rate of the main thoracic
curve (MTC) (P=0.010), and Cobb angle of the lumbar curve (LC) (P=0.037) were significantly higher, while the
ratio of the correction rate of the PTC to the MTC (P=0.042) was smaller in the aggravated group. At follow-up, the
improved group had significantly larger PTC flexibility (P=0.006), larger ratio of the correction rate of PTC to MTC
(P=0.046), a larger ratio correction rate of PTC to LC (P=0.027), and a smaller correction rate of LC (P=0.030). The
correction rate ratios of the groups after surgery were as follows: negative to negative (N-N) (1.08) > negative to bal-
ance (N-B) (0.96) > negative to positive (N-P) (0.67), B-N (1.26) > B-B (0.94) > B-P (0.89), and P-N (0.34) > P-P (0.83). The
order of the correction rate ratio at follow-up was as follows: N-N (0.96) > N-B (0.51), B-B (0.97) > B-P (0.90), and P-B
(0.87)>P-P (0.84).

Conclusion: Harmonizing the correction rate ratio of the PTC, MTC, and LC should be recommended for intraopera-
tive correction and postoperative compensation of PSI. In addition, greater PTC flexibility plays an important role in
the spontaneous correction and compensation of PSIin SRS.
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Background

Severe and rigid scoliosis (SRS), in which the major
T N Py curve i.s over 80°’ on normal films, anq the flexibility 9f
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correction methods have been reported for SRS and
achieved satisfactory correction rates [3—6]. However,
these surgical treatments remain challenging due to the
high risk of perioperative and postoperative complica-
tions, such as respiratory insufficiency, neuromuscular
dysfunction, cerebrospinal fluid leakage, epidural hema-
toma, aortic injury, and instrumental failure [7-10].

Postoperative shoulder imbalance (PSI) is one of
the most notable complications and greatly affects the
patient’s appearance and satisfaction [11]. Thus, surgeons
should consider the incidence of PSI during orthopedic
surgery, although its definition remains controversial
[11]. Radiographic shoulder height (RSH) is more com-
monly used, and defined as the height difference between
the right and left soft tissue shadows directly superior to
the acromioclavicular joint on standing posteroanterior
radiographs, and a difference<lcm is considered the
upper limit of balance [12, 13]. In addition, the risk fac-
tors of PSI in adolescent idiopathic scoliosis (AILS) remain
controversial, and several of these factors have been eval-
uated in recent years, including the level of upper instru-
mented vertebrae (UIV), greater percentage correction
of the main thoracic curve (MTC), higher postoperative
sacral slope, postoperative UIV tilt angle, and adding-on
angle [14-19].

Achieving postoperative shoulder symmetry remains a
challenging goal, especially for RSR. Assessing the rela-
tionship between correction surgery and PSI may fur-
ther enhance our understanding of this phenomenon and
could be valuable in reducing the rate of PSI. However,
few studies have focused on PSI in SRS [20]. Therefore,
the purpose of our study was to identify the effect of sco-
liotic correction on the correction and compensation of

PSIin SRS.

Methods

Of the 61 patients with RSR who were reviewed, 13
patients were excluded; thus, a retrospective review of
48 consecutive patients (15 men and 33 women) was
conducted from 2008 to 2013 at a single institution.
The exclusion criteria included tethered cord syndrome,
neurofibromatosis,  diastematomyelia, postoperative
severe neurological complications, history of revision
surgery or spinal osteotomy, and <2years of follow-up.
Of the 13 excluded patients, 2 patients underwent revi-
sion surgery after spinal osteotomy, 2 patients had neu-
rofibromatosis with postoperative paraplegia, 4 patients
were excluded for diastematomyelia or tethered cord
syndrome, and 5 patients for <2years of follow-up. Of
the 48 included patients, scoliosis (all right-curve) was
idiopathic in 15 patients and congenital in 33 (19 left-
curve and 14 right-curve). The average age of the patients
was 20.7+5.4years (range, 12-29years). Preoperative
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standing full-length PA, lateral and side-bending radio-
graphs, and postoperative and final follow-up standing
full-length PA and lateral radiographs were collected. The
investigation was approved by the hospital’s institutional
review board, and subjects provided informed consent
prior to participation. All methods in the study were car-
ried out in accordance with the Helsinki guidelines and
declaration.

Surgical procedures

Preoperative traction, combined occipital-jaw traction,
and skin traction of the lower extremity were performed
on patients over the course of a week to obtain soft tis-
sue release, improve pulmonary function, and avoid
surgical complications, particularly spinal cord injury.
Patients were also asked to blow balloons and climb stairs
to improve their cardiopulmonary function before sur-
gery. There were no complications during traction, and
no significant improvement in scoliosis deformity was
observed after traction. All operations were performed
by the same senior surgeon using only posterior pedicle
screw fixation. Spinal osteotomy was not routinely per-
formed in this study. The UIV were selected based on the
relative stiffness of the proximal thoracic curve (PTC)
and preoperative shoulder level. The last touching verte-
bra (LTV) was chosen as the lower instrumented vertebra
(LIV). The intraoperative surgical procedures included
rod rotation, distraction on the concave side, compres-
sion on the convex side, and posterior release with facet
joint resection and interspinous-supraspinous ligament
resection. All surgeries were performed with intraopera-
tive monitoring using somatosensory evoked potentials
and magnetic motor evoked potentials.

Radiographic measurements and grouping
We used the RSH (>1cm) to define PSI and divided the
patients into balanced and imbalanced shoulder groups.
Negative RSH represented ipsilateral shoulder eleva-
tion of the main curvature, whereas positive RSH rep-
resented contralateral elevation. In addition, patients
with decreased absolute RSH values were classified into
the improved group, and those with increased absolute
RSH values were classified into the aggravated group. We
then divided the patients into improved and aggravated
groups of PSI from pre- to post-operation, and from
post-operation to the last follow-up, respectively. Related
parameters, including RSH, Cobb angles of PTC, MTC,
and lumbar curve (LC), were measured; the flexibility,
correction rate, and correction rate ratio were calculated;
and clinical parameters, including sex, age, Risser sign,
and apical vertebra were recorded.

Curve flexibility was measured by the curve mag-
nitude on preoperative standing full-length PA and
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side-bending radiographs. Flexibility was calculated
as follows: (preoperative standing full-length PA Cobb
angle — side-bending Cobb angle) / preoperative stand-
ing full-length PA Cobb angle x 100%. The curve
correction rate was determined by measuring the mag-
nitudes of the curves on preoperative and postoperative
standing full-length AP radiographs. The correction
rate was calculated as follows: (preoperative stand-
ing full-length PA Cobb angle — postoperative stand-
ing full-length PA Cobb angle) / preoperative standing
full-length PA Cobb angle x 100%. In addition, the cor-
rection rate ratio was calculated as follows: (correction
rate of PTC + correction rate of LC) / (correction rate
of MTC * 2).

The patients were divided into nine groups based on
the changes in shoulder imbalance from pre- to post-
operation, and from post-operation to last follow-up,
respectively. The groups in which PSI changed from
pre- to post-operative included the following: negative
imbalanced shoulder preoperatively to negative imbal-
anced shoulder postoperatively (N-N), negative imbal-
anced shoulder preoperatively to balanced shoulder
postoperatively (N-B), negative imbalanced shoulder
preoperatively to positive imbalanced shoulder post-
operatively (N-P), balanced shoulder preoperatively to
negative imbalanced shoulder postoperatively (B-N),
balanced shoulder preoperatively to balanced shoulder
postoperatively (B-B), balanced shoulder preoperatively
to positive imbalanced shoulder postoperatively (B-P),
positive imbalanced shoulder preoperatively to nega-
tive imbalanced shoulder postoperatively (P-N), posi-
tive imbalanced shoulder preoperatively to balanced
shoulder postoperatively (P-B), and positive imbal-
anced shoulder preoperatively to positive imbalanced
shoulder postoperatively (P-P). Similarly, the groups
in which PSI changed from post-operation to the last
follow-up included N-N, N-B, N-P, B-N, B-B, B-P, P-N,
P-B, and P-P. The correction rate and correction rate
ratios were analyzed to identify the effect of scoliotic
correction (PTC, MTC, and LC) on PSI.

Statistical analyses

Variables are presented as the mean + standard devia-
tion. Analysis of variance (ANOVA) was used to com-
pare the three scoliosis groups (idiopathic scoliosis,
left-curve congenital scoliosis, and right-curve con-
genital scoliosis). Independent samples T test and Chi-
squared test were performed to compare continuous
variables between the improved and aggravated PSI
groups. Data analysis was performed using SPSS (ver-
sion 24.0; SPSS, Chicago, IL, USA). Statistical signifi-
cance was set at P<0.05.
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Results

The mean follow-up period was 34.7months (range,
24—52 months). The RSH was —17.37mm+21.94mm
before surgery, 1.74mm=+22.11mm after surgery, and
4.61lmm=+1827mm at follow-up. The average Cobb
angles of the PTC, MTC, and LC were 45.2°+21.8°,
107.4°+15.9°, and 40.2°+£19.4° before surgery, respec-
tively, and 29.4°+18.1°, 49.0°+£23.5°, and 15.4°+14.2°
after surgery, respectively, yielding correction rates of
33.8%+36.0, 55.1%+18.4, and 63.2%+24.0% after
surgery. The mean flexibility of the PTC, MTC, and
LC before surgery was 24.4%+17.0, 16.4%=+10.2, and
39.7% £ 23.5%, respectively. Figure 1 show the represent-
ative case.

Similarities of radiographic parameters among three
groups with different curvature types

The 48 included patients were divided into three groups
as follows: an idiopathic scoliosis group (n=15), a left-
curve congenital scoliosis group (n=19), and right-curve
congenital scoliosis (n=14). RSH, preoperative flex-
ibility, and preoperative and postoperative Cobb angles
of the PTC, MTC, and LC were compared among the
three groups (Table 1). Interestingly, all parameters of
the different curvature types were similar preoperatively
and preoperatively (P>0.05), but there was a significant
improvement in PSI, PTC, MTC, and LC (P<0.05) after
surgery.

Comparisons of the parameters between the aggravated
and improved groups after surgery

The preoperative and postoperative parameters were
compared between the aggravated and improved
groups from  pre-operation to  post-operation
(Table 2). The RSH of the aggravated group (n=21)
was 13.37mm=£1250mm  before surgery and
24.31mm=+13.91 mm after surgery, and the RSH of the
improved group (n=27) was 27.96mmd=+18.73mm
before surgery and 12.10mm=+10.54mm after surgery.
The RSH was significantly larger before surgery and
smaller after surgery in the improved group compared
with the aggravated group. Compared with the improved
group, the preoperative PTC flexibility and Cobb angle of
the LC were significantly greater in the aggravated group.
In addition, the aggravated group had a significantly
larger MTC correction rate and a smaller ratio of the cor-
rection rate of the PTC to the MTC compared with the
improved group.

Comparisons of the parameters between the aggravated
and improved groups at follow-up

Comparisons of the preoperative and postopera-
tive parameters between the aggravated and improved
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Fig. 1 Radiographs obtained in a 30-year-old girl diagnosed idiopathic scoliosis. The patient preoperatively showed proximal, middle, and distal
curvatures of 53.40°, 128.40°, and 42.70°, respectively, and RSH — 75.86 mm (a). Immediately after surgery, the patient showed proximal, middle, and
distal curvatures of 47.00°, 85.30°, and 23.70°, respectively, and RSH — 43.71 mm (b). The patient showed RSH — 26.72 mm at 2 years'follow-up (c)

Table 1 Radiographic Parameters of Idiopathic and Congenital Scoliosis

Idiopathic scoliosis Left-curve congenital ~ Right-curve congenital P Total
scoliosis scoliosis
Radiographic shoulder height
Preoperative (mm) —20.96 £ 20.51 —1391 £ 2271 —18.20 £ 23.25 0.649 —1737+£2194
Postoperative (mm) 3.62 £ 2267 —0.10+£ 1643 223 +£2883 0.888 1.74 £ 2211
P 0.004* 0.039* 0.049* - <0.001*
Proximal thoracic curve
Preoperative (°) 493 £ 142 41.0 £ 251 46.6 £ 24.1 0.537 452+£218
Postoperative (°) 304+£172 275+£182 309+£199 0.850 294 +£181
P 0.003* 0.066 0.071 - <0.001*
Flexibility (%) 222+£135 271 +£153 23.1+£225 0.668 244 +£170
Main thoracic curve
Preoperative (°) 106.7 £15.0 106.7 £ 164 109.1£170 0.893 1074 £ 159
Postoperative (°) 431 +£25.2 499+ 2122 5404248 0458 490+ 235
P <0.001* <0.001* <0.001* - <0.001*
Flexibility (%) 169 +£100 173+£97 148 £115 0.774 164 £102
Lumbar curve
Preoperative (°) 412+£184 36.7 £ 20.7 439 419.2 0.571 402 £194
Postoperative (°) 122 +89 137+ 110 2104207 0.200 1544142
P <0.001* <0.001* 0.006* - <0.001*
Flexibility (%) 330+ 250 4204251 437 +£194 0410 39.7 £235
Total 15 19 14 - 48

Negative value in radiographic shoulder height represents the ipsilateral shoulder elevation of main thoracic curve.

Positive value in radiographic shoulder height represents the contralateral shoulder elevation of main thoracic curve.

*Statistical significance: P<0.05
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Table 2 Comparisons of the Scoliotic Parameters in the Aggravated and Improved Shoulder Balance Groups after Surgery
Aggravated Group (n=21) Improved Group (n=27) P

Age (yr) 2052+5.17 20.85+5.59 0.836
Risser grade 4294078 444+0.70 0463
Radiographic shoulder height

Preoperative (mm) 13.37£12.50 2796418.73 0.004*

Postoperative (mm) 243141391 1210+ 10.54 0.001*
Preoperative parameters

Proximal thoracic curve (°) 435142328 46.534+20.94 0.640

Flexibility (%) 30.08+17.18 19.99+£15.83 0.040*

Main thoracic curve (°) 105.854+13.19 108.624+17.85 0.555

Flexibility (%) 15.82£1145 16.904+9.32 0.719
Apical vertebra 0.933

T8 or above 4 6

T9,T10 9 12

T11 or below 8 9

Lumbar curve (°) 46.79419.80 3508+17.78 0.037*

Flexibility (%) 36.09+24.15 424942301 0.355
Postoperative parameters

Proximal thoracic curve (°) 26.17+£16.34 31.894+19.20 0.281

Correction rate (%) 39.12+28.03 29.65+41.28 0.372

Main thoracic curve (°) 46.12+21.44 51.19+£25.14 0464

Correction rate (%) 62.75+15.71 49.17 41849 0.010*

Lumbar curve (°) 18.77+16.25 12.69+12.07 0.144

Correction rate (%) 59.71+27.21 66.00+£21.27 0373
Ratio of curve correction rate

Proximal / Main (%) 35.78+98.30 79.234+39.65 0.042%

Proximal / Lumbar (%) 65.12£49.57 51.82+£56.86 0.400

Lumbar / Main (%) 107.92 £45.60 128.09+£4046 0.112

*Statistical significance: P<0.05

groups from the postoperative to the last follow-
up are shown in Table 3. The RSH of the aggravated
group was 1020mm=+7.36mm after surgery and
19.92mm+9.65mm at follow-up, and the RSH of the
improved group was 22.19 mm + 14.51 mm after surgery
and 12.26 mm = 10.59mm at follow-up. In addition, the
RSH was significantly larger after surgery and smaller
at follow-up in the improved group compared with the
aggravated group. The PTC flexibility and the ratio of the
correction rate of PTC to MTC and PTC to LC were sig-
nificantly greater in the improved group. However, the
aggravated group had a larger LC correction rate than the
improved group.

Changes in shoulder balance after surgery and at follow-up
The negative imbalanced shoulder group, the balanced
shoulder group, and the positive imbalanced shoul-
der group comprised 30, 13, and 5 patients before sur-
gery; 15, 14, and 19 after surgery; and 12, 17, and 19 at
follow-up (Table 4). The patients were divided into nine

groups based on the changes in shoulder balance from
pre- to post-operation and from post-operation to the
last follow-up (Table 5). The correction rate of each curve
and the correction rate ratio in each group after surgery
were compared among the groups. The correction rate
ratios after surgery were as follows: N-N (1.08)>N-B
(0.96)>N-P (0.67), B-N (1.26)>B-B (0.94) >B-P (0.89),
and P-N (0.34) > P-P (0.83). Similarly, the correction rate
ratios at follow-up were as follows: N-N (0.96) >N-B
(0.51), B-B (0.97) > B-P (0.90), and P-B (0.87) > P-P (0.84).

Discussion

In our previous studies, we analyzed the risk factors of
PSI and distal adding-on in SRS [2, 20]. In the present
study, we assessed the relationship between scoliotic
correction and postoperative changes in PSI in SRS and
found that PTC flexibility played an important role in the
correction and compensation of PSI at follow-up. In addi-
tion, a larger correction rate of MTC after surgery might
cause or aggravate PSI, although there was no significant
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Table 3 Comparisons of the Scoliotic Parameters in the Aggravated and Improved Shoulder Balance Groups at Follow-up
Aggravated Group (n=19) Improved Group (n=29) P

Age (yr) 20.16+5.76 21.07+5.15 0.570
Risser grade 4374060 438+£0.82 0.960
Radiographic shoulder height

Preoperative (mm) 17.81£11.55 24.04420.63 0.237

Postoperative (mm) 10.20+7.36 22.194+14.51 0.002*

Follow-up (mm) 19.92 +£9.65 12.26£10.59 0.015*
Preoperative parameters

Proximal thoracic curve (°) 42.964+21.36 46.68 +22.34 0570

Flexibility (%) 16.25+£10.04 29.75+18.63 0.006*

Main thoracic curve (°) 109.47 £14.48 106.06 +16.85 0473

Flexibility (%) 1828 +£11.51 1521+£9.25 0313
Apical vertebra 0.780

T8 or above 3 7

T9,T10 9 12

T11 or below 7 10

Lumbar curve (°) 442141735 37.57+£2049 0.250

Flexibility (%) 3541+£22.90 425042383 0312
Postoperative parameters

Proximal thoracic curve (°) 30.86+18.98 2842+17.69 0.653

Correction rate (%) 23.70+47.20 404042520 0.117

Main thoracic curve (°) 450442499 515442252 0354

Correction rate (%) 59.934+19.42 51.96+17.40 0.145

Lumbar curve (°) 11.29+9.28 18.01£16.30 0111

Correction rate (%) 7244419.89 572242483 0.030*%
Ratio of curve correction rate

Proximal / Main (%) 34.12+£94.53 7733+£5147 0.046*

Proximal / Lumbar (%) 36.76 £55.60 713244853 0.027*

Lumbar / Main (%) 12640+31.77 114.60+49.71 0.364

*Statistical significance: P <0.05

Table 4 Balanced and Imbalanced Shoulder Groups before
Surgery, after Surgery and at Follow-up

Negative Balanced Positive
Imbalanced Shoulder Group Imbalanced
Shoulder Group (—10mm = Shoulder Group
(RSH<—10mm) RSH<=10mm) (RSH>10mm)

Preoperative 30 13 5

Postoperative 15 14 19

Follow-up 12 17 19

Negative imbalanced shoulder represents the ipsilateral shoulder elevation of
main thoracic curve

Positive imbalanced shoulder represents the contralateral shoulder elevation of
main thoracic curve

RSH indicates radiographic shoulder height

difference between the aggravated and improved groups
at follow-up. Furthermore, the correction rates of PTC,
MTC, and LC as a whole were significantly related to

PSL; thus, harmonizing the correction rate ratio of PTC,
MTC, and LC should be recommended for intraoperative
correction and postoperative compensation of PSIL.

It is important to recognize the flexibility of PTC,
which plays a decisive role in the choice of UIV [18, 21].
PTC flexibility is related to spontaneous correction and
compensatory ability in PSI. Chan et al. found that Lenke
1+ (preoperative PT side bending [CSSB] Cobb angle
15°-24.9°) had a worse compensatory ability and a higher
risk of PSI than Lenke 1- (preoperative PTSB Cobb angle
<15°) [13, 22]. Similarly, our study showed that PTC flex-
ibility was significantly lower in the improved group after
surgery but higher in the improved group at follow-up,
indicating that higher flexibility of PTC can contribute
to spontaneous correction and compensation of PSI at
follow-up.

Correction of scoliotic curves is considered to play an
important role in shoulder balance [23]. However, the
correction of scoliotic curves for preventing PSI remains
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Table 5 Changes of Shoulder Balance after Surgery and at Follow-up
N-N N-B N-P B-N B-B B-P P-N P-B P-P
Changes after Surgery
Number of patients 12 10 8 2 4 7 1 0 4
Correction rate of proximal thoracic curve (%) 30.79 34.95 15.18 42.19 41.69 46.26 4410 - 40.62
Correction rate of main thoracic curve (%) 40.53 56.55 63.99 54.01 60.27 66.01 64.00 - 5167
Correction rate of lumbar curve (%) 55.16 70.76 66.96 88.39 69.37 68.70 0 - 48.86
Correction rate ratio 1.08 0.96 0.67 1.26 0.94 0.89 0.34 - 0.83
Changes between after surgery and at Follow-up
Number of patients 12 3 0 0 8 6 0 6 13
Correction rate of proximal thoracic curve (%) 2845 3733 - - 4276 48.15 - 32.10 44.95
Correction rate of main thoracic curve (%) 39.36 5745 - - 57.58 61.55 - 61.73 60.67
Correction rate of lumbar curve (%) 46.19 21.09 - - 66.64 63.35 - 72.36 5827
Correction rate ratio 0.96 0.51 - - 0.97 0.90 - 0.87 0.84

N indicates negative imbalanced shoulder; B, balanced shoulder; P, positive imbalanced shoulder

N-B represents that the negative imbalanced shoulder preoperatively to balanced shoulder postoperatively or that the negative imbalanced shoulder postoperatively

to balanced shoulder at follow-up

Correction rate ratio = (Correction rate of proximal thoracic curve + Correction rate of lumbar curve) / (Correction rate of main thoracic curve * 2)

controversial. Studies performed by Chang et al. [24],
Moorthy et al. [15], and Ohrt-Nissen et al. [25] showed
that less correction of the MTC was needed to achieve
better shoulder balance in AIS. Our results showed that
the aggravated group had a significantly larger correc-
tion rate of the MTC than the improved group postop-
eratively, suggesting that overcorrection of MTC was
associated with the aggravation of shoulder imbalance.
However, there was no significant difference between
the aggravated and improved groups at follow-up. We
speculate that spontaneous correction in PTC and LC
occurred after MTC fusion and played an important role
in postoperative PSI compensation.

In addition, we found that the ratio of the correc-
tion rate of PTC to MTC was significantly larger in the
improved group after surgery, the correction rate of LC
was smaller, and the ratio of the correction rate of PTC
to MTC and PTC to LC was larger in the improved group
at follow-up. These findings indicate a significant correla-
tion between the correction rates of the PTC, MTC, and
LC and the intraoperative correction and postoperative
compensation of PSI. These findings are consistent with
those of previous reports. Berlin et al. suggested that a
moderate correction of PTC is critical for PSI [14], while
Okada et al. showed that excessive correction of the lum-
bar curve of >73% increased the risk of PSI in patients
with Lenke type 5C curves [26]. In addition, Lee et al.
found that the postoperative PTC/MTC ratio might
be an important factor in the onset of PSI [27]. Simi-
larly, Sielatycki et al. suggested that PTC must be care-
fully scrutinized to optimize shoulder balance, especially
when larger correction of the MTC is performed [28].

To assess the relationships between the correction rates
of the PTC, MTC, and LC as a whole and the changes in
PSI, we divided all patients into nine groups based on
different PSI changes and calculated the correction rate
ratio postoperatively. We found that excessively large or
small ratios would lead to PSI after surgery and affect
postoperative compensation of PSI; however, we are cur-
rently unable to determine the appropriate correction
rate ratio. Therefore, harmonizing the correction rate
ratio of PTC, MTC, and LC intraoperatively should be
recommended for intraoperative correction and post-
operative compensation of PSI. We first attempted to
use the correction rate ratio to describe the effect of the
correction rate of the three curves (PTC, MTC, and LC)
on PSI and believe that this ratio can be used to guide
orthopedic procedures intraoperatively and predict the
postoperative compensation of PSI. However, further
research is required in this area.

This study has several limitations. First, this is a retro-
spective single-center study, and the evidence was there-
fore not as compelling as that in prospective studies.
Second, the small sample size may have led to selection
bias. Third, although we used radiographs immediately
after surgery (1week after) to assess the PSI, the natural
state of the shoulder may be affected when the patient
walks 1-2weeks postoperatively because the body is still
adapting to the orthopedic surgery; this may result in a
difference between the PSI status immediately after the
surgery and the real PSI. Finally, we did not employ pre-
operative, postoperative, or follow-up clinical question-
naires, such as the Scoliosis Research Society-22 score,
to evaluate the satisfaction of patients with their clinical
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outcomes. Although our review had those limitations,
we believe that they do not substantially detract from the
conclusions of this study.

Conclusions

Harmonizing the correction rate ratio of the PTC, MTC,
and LC should be recommended for intraoperative cor-
rection and postoperative compensation of PSI. Moreo-
ver, larger PTC flexibility also plays an important role in
the spontaneous correction and compensation of PSI in
SRS.

Abbreviations

PSI: Postoperative shoulder imbalance; SRS: Severe and rigid scoliosis; RSH:
Radiographic shoulder height; PTC: Proximal thoracic curve; MTC: Main tho-
racic curve; LC: Lumbar curve; AIS: Adolescent idiopathic scoliosis; UIV: Upper
instrumented vertebrae; LTV: Last touching vertebra; LIV: Lower instrumented
vertebra; ANOVA: Analysis of variance.

Acknowledgements
Not applicable.

Authors’ contributions

SY and NF: design of the study, analysis of the data and writing of the manu-
script. ZL and YH: design of the study, interpretation of the data, and revising
manuscript critically for important intellectual content. PD and QW: collection
and processing patients’data. All authors have read and approved the final
manuscript.

Funding
Our study was supported by the project of medical discipline priority of
Shijingshan District, Beijing.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study design was approved by the Ethics Review Committee of Beijing
Chaoyang Hospital (Registration number: 2021-4-22-2), and no administra-
tive permission was required to access the raw data for this study. In addition,
all subjects provided informed consent prior to participation. All methods in
the study were carried out in accordance with the Helsinki guidelines and
declaration.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 May 2021 Accepted: 6 October 2021
Published online: 12 October 2021

References

1. Chen B, Yuan Z, Chang MS, Huang JH, Li H, Yang WZ, et al. Safety and
efficacy of one-stage spinal osteotomy for severe and rigid congenital
scoliosis associated with Split spinal cord malformation. Spine (Phila Pa
1976). 2015;40(18):E1005-13.

20.

Page 8 of 9

Zang L, Hai Y, Yuan S, Su Q, Yang J, Guan L, et al. Distal adding-on

and risk factors in severe and rigid scoliosis. Spine (Phila Pa 1976).
2017;42(3):160-8.

Zhou C, Liu L, Song Y, Feng G, Yang X, Wang L. Comparison of anterior
and posterior vertebral column resection versus anterior and posterior
spinal fusion for severe and rigid scoliosis. Spine J. 2018;18(6):948-53.

Li Z, Lei F, Xiu P, Yang X, Wang L, Feng G, et al. Surgical treatment for
severe and rigid scoliosis: a case-matched study between idiopathic sco-
liosis and syringomyelia-associated scoliosis. Spine J. 2019;19(1):87-94.
Zhou C, Liu L, Song Y, Liu H, Li T, Gong Q, et al. Anterior release internal
distraction and posterior spinal fusion for severe and rigid scoliosis. Spine
(Phila Pa 1976). 2013;38(22):E1411-7.

Shen F, Zhou B, Li Q, Li M, Wang Z, Li Q, et al. Posterior-only spinal release
combined with derotation, translation, segmental correction, and an

in situ rod-contouring technique for treatment of severe and rigid scolio-
sis. J Neurosurg Spine. 2015;22(2):194-8.

Yang H, Liu Z, Guan L, LiuY, Liu T, Hai Y. Is the risk of aorta injury or
impingement higher during correction surgery in patients with severe
and rigid scoliosis? World Neurosurg. 2020;139:e626-e34.

Ling T, Guo L, LiY, Zhu C, Song Y, Liu L. Ventilation/perfusion SPECT/CT

in patients with severe and rigid scoliosis: an evaluation by relation-

ship to spinal deformity and lung function. Clin Neurol Neurosurg.
2019;176:97-102.

Xie JM, Zhang Y, Wang YS, Bi N, Zhao Z, LiT, et al. The risk factors of
neurologic deficits of one-stage posterior vertebral column resec-

tion for patients with severe and rigid spinal deformities. Eur Spine J.
2014;23(1):149-56.

. Wang, Xie J, Zhao Z, Zhang Y, Li T, Bi N, et al. Perioperative major

non-neurological complications in 105 patients undergoing posterior
vertebral column resection procedures for severe rigid deformities. Spine
(Phila Pa 1976). 2015;40(16):1289-96.

. Menon KV, Tahasildar NS. What constitutes shoulder imbalance in ado-

lescent idiopathic scoliosis? Aesthetic threshold for surgical correction.
World Neurosurg. 2020;138:e827-e38.

. Kuklo TR, Lenke LG, Graham EJ, Won DS, Sweet FA, Blanke KM, et al.

Correlation of radiographic, clinical, and patient assessment of

shoulder balance following fusion versus nonfusion of the proximal
thoracic curve in adolescent idiopathic scoliosis. Spine (Phila Pa 1976).
2002;27(18):2013-20.

Wei Chan CY, Chiu CK, Ng YH, Goh SH, Ler XY, Ng SJ, et al. An analysis of
preoperative shoulder and neck balance and surgical outcome in 111
adolescent idiopathic scoliosis patients with two subtypes of Lenke 1
curves. J Neurosurg Spine. 2020;34(1):37-44.

Berlin C, Quante M, Freifrau von Richthofen E, Halm H. Analysis of preop-
erative and operative factors influencing postoperative shoulder imbal-
ance in lenke type 1 adolescent idiopathic scoliosis. Zeitschrift Orthop
Unfallchirurgie. 2021. https://doi.org/10.1055/a-1337-3435.

Moorthy V, Goh GS, Guo CM, Tan SB, Chen JL, Soh RCC. Risk factors of
postoperative shoulder imbalance in adolescent idiopathic scoliosis: the
role of sagittal Spinopelvic parameters and upper instrumented verte-
brae selection. Clin Spine Surg. 2021. https://doi.org/10.1097/BSD.00000
00000001153.

Kwan MK, Lee SY, Ch'ng PY, Chung WH, Chiu CK, Chan CYW. A positive
(+Vve) postoperative upper instrumented vertebra tilt angle (>0°) signifi-
cantly increases the risk of medial shoulder and neck imbalance in Lenke
1 and 2 adolescent idiopathic scoliosis patients. Spine (Phila Pa 1976).
2020;45(12):E694-e703.

YangY,Yang M, Zhao J, Zhao Y, Yang C, Li M. Postoperative shoulder
imbalance in adolescent idiopathic scoliosis: risk factors and predictive
index. Eur Spine J. 2019,28(6):1331-41.

Trobisch PD, Ducoffe AR, Lonner BS, Errico TJ. Choosing fusion

levels in adolescent idiopathic scoliosis. J Am Acad Orthop Surg.
2013;21(9):519-28.

Lee CS, Hwang CJ, Lee DH, Cho JH. Does fusion to T2 compared with T3/
T4 lead to improved shoulder balance in adolescent idiopathic scoliosis
with a double thoracic curve? J Pediatr Orthop B. 2019;28(1):32-9.

Zang L, Fan N, Hai Y, Lu SB, Su QJ, Yang JC, et al. Evaluation of the
predictors of postoperative aggravation of shoulder imbalance in

severe and rigid thoracic or thoracolumbar scoliosis. Eur Spine J.
2016;25(10):3353-65.


https://doi.org/10.1055/a-1337-3435
https://doi.org/10.1097/BSD.0000000000001153
https://doi.org/10.1097/BSD.0000000000001153

Yuan et al. BMC Musculoskelet Disord

21.

22.

23.

24.

25.

(2021) 22:868

Matsumoto M, Watanabe K, Kawakami N, Tsuji T, Uno K, Suzuki T,

et al. Postoperative shoulder imbalance in Lenke type 1A adolescent
idiopathic scoliosis and related factors. BMC Musculoskelet Disord.
2014;15:366.

Chan CYW, Chiu CK, Kwan MK. Assessing the flexibility of the proximal
thoracic segments above the "potential upper instrumented vertebra"
using the cervical supine side bending radiographs in Lenke 1 and 2
curves for adolescent idiopathic scoliosis patients. Spine (Phila Pa 1976).
2016;41(16):E973-e80.

Zhang S, Zhang L, Feng X, Yang H. Incidence and risk factors for postop-
erative shoulder imbalance in scoliosis: a systematic review and meta-
analysis. Eur Spine J. 2018;27(2):358-69.

Chang DG, Kim JH, Kim SS, Lim DJ, Ha KY, Suk SI. How to improve
shoulder balance in the surgical correction of double thoracic adolescent
idiopathic scoliosis. Spine (Phila Pa 1976). 2014,39(23):E1359-67.
Ohrt-Nissen S, Kamath VHD, Samartzis D, Luk KDK, Cheung JPY. Fulcrum
flexibility of the main curve predicts postoperative shoulder imbalance
in selective thoracic fusion of adolescent idiopathic scoliosis. Eur Spine J.
2018;27(9):2251-61.

26.

27.

28.

Page 9 of 9

Okada E, Suzuki T, Demura S, Saito T, Nohara A, Tsuji T, et al. Excessive
correction impacts postoperative shoulder imbalance in lenke type 5C
adolescent idiopathic scoliosis. J Orthop Sci. 2020;25(5):757-62.

Lee CS, Hwang CJ, Lim EJ, Lee DH, Cho JH. A retrospective study to reveal
factors associated with postoperative shoulder imbalance in patients
with adolescent idiopathic scoliosis with double thoracic curve. J Neuro-
surg Pediatr. 2016;25(6):744-52.

Sielatycki JA, Cerpa M, Beauchamp EC, Shimizu T, Wei C, Pongmanee S,
et al. The amount of relative curve correction is more important than
upper instrumented vertebra selection for ensuring postoperative shoul-
der balance in Lenke type 1 and type 2 adolescent idiopathic scoliosis.
Spine (Phila Pa 1976). 2019;44(17):E1031-€7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	What is the impact of scoliotic correction on postoperative shoulder imbalance in severe and rigid scoliosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Surgical procedures
	Radiographic measurements and grouping
	Statistical analyses

	Results
	Similarities of radiographic parameters among three groups with different curvature types
	Comparisons of the parameters between the aggravated and improved groups after surgery
	Comparisons of the parameters between the aggravated and improved groups at follow-up
	Changes in shoulder balance after surgery and at follow-up

	Discussion
	Conclusions
	Acknowledgements
	References


