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Abstract

Background: Postoperative coronal imbalance is a significant problem after selective thoracic fusion for primary
thoracic and compensatory lumbar curves in adolescent idiopathic scoliosis (AlS). However, longitudinal studies on
postoperative behavior of coronal balance are lacking. This multicenter retrospective study was conducted to
analyze factors related to onset and remodeling of postoperative coronal imbalance after posterior thoracic
fusion for Lenke 1C and 2C AlS.

Methods: Twenty-one Lenke 1C or 2C AIS patients, who underwent posterior thoracic fusion ending at L3

or above, were included with a minimum 2-year follow-up. The mean patients’ age was 15.1 years at the time of surgery.
Radiographic measurements were performed on Cobb angles of the main thoracic (MT) and thoracolumbar/lumbar (TLL)
curves and coronal balance. Factors related to the onset of immediately postoperative coronal decompensation (IPCD)
and postoperative coronal balance remodeling (PCBR), defined as an improvement of coronal balance during
postoperative follow-up, were investigated using comparative and correlation analyses.

Results: Mean Cobb angles for the MT and TLL curves were 57.3° and 42.3° preoperatively and were
corrected to 22.8° and 22.5° at final follow-up, respectively. Mean preoperative coronal balance of —3.8 mm got
worse to —21.2 mm postoperatively, and regained to —12.0 mm at final follow-up. Coronal decompensation was
observed in two patients preoperatively, in ten patients immediately postoperatively, and in three patients at final
follow-up. The preoperative coronal balance and lowest instrumented vertebra (LIV) selection relative to stable vertebra
(SV) were significantly different between patients with IPCD and those without. PCBR had significantly negative
correlation with immediately postoperative coronal balance.

Conclusions: IPCD after posterior thoracic fusion for Lenke 1C and 2C AlS was frequent and associated with
preoperative coronal balance and LIV selection. However, most patients with IPCD regained coronal balance
through PCBR, which was significantly associated with immediately postoperative coronal balance. A fixation
more distal to SV shifted the coronal balance further to the left postoperatively.
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Background

Selective thoracic fusion (STF) has been the gold standard
for treating primary thoracic and compensatory lumbar
curves in adolescent idiopathic scoliosis (AIS), in which
both the thoracic and lumbar curves cross midline, and the
lumbar curve is smaller and more flexible than the thoracic
curve, since Moe had advocated its concept [1, 2]. For this
curve pattern, STF induces spontaneous lumbar curve cor-
rection and preserves more mobile lumbar segments than
does fusing both the thoracic and lumbar curves [3-8].
However, postoperative coronal imbalance is a significant
problem after STF [7, 9—11], which may result in poor sur-
gical outcomes with re-operation. Moreover, reported sur-
gical outcomes have shown that patients with resultant
coronal imbalance after surgery tend to have inferior Scoli-
osis Research Society (SRS) questionnaire score on pa-
tients’ satisfaction with treatments, compared to balanced
patients [12]. Thus, the postoperative behavior of coronal
balance is a major concern in the surgical outcomes for
primary thoracic and compensatory lumbar curves in AIS.
Causative factors reported for postoperative coronal de-
compensation include excessive correction of the thoracic
curve, improper selection of the lowest instrumented ver-
tebra (LIV), pre-existing coronal decompensation, and in-
appropriate curve identification [7-11, 13]; however, many
of previous studies on postoperative behavior of coronal
balance after STF are based on various surgical approaches
including anterior approach and/or posterior approach
with pedicle screw (PS), hook or hybrid constructs [3, 4, 6,
10, 13], and those with PS construct are scant. Apparently,
surgical procedures and corrective maneuvers would influ-
ence the postoperative course of unfused lumbar curve
and coronal balance.

On the other hand, we also experience some improve-
ment of postoperative coronal imbalance during postop-
erative period after STF; however, some patients persist
coronal imbalance. Compared to causative factors for
the onset of postoperative coronal decompensation, the
factors associated with the improvement of postopera-
tive coronal imbalance during postoperative period have
not been well investigated.

Thus, the purposes of this study were (1) to evaluate the
postoperative behavior of coronal balance after posterior
thoracic fusion with PS construct for Lenke 1C and 2C
AIS (Lenke 1C/2C-AIS), in which the thoracolumbar/lum-
bar (TLL) curve bends less than 25° on side-bending with-
out 20° or more kyphosis between T10 and L2, and the
apical vertebra of TLL curve does not touch the center sa-
cral vertical line (CSVL) and (2) to identify factors related
to the onset of immediately postoperative coronal decom-
pensation (IPCD) and changes of coronal balance during
the follow-up period. In this study, postoperative change
of coronal balance (PCCB) was defined as the change of
coronal balance between preoperative and immediately
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postoperative evaluations, whereas postoperative coronal
balance remodeling (PCBR) was defined as the improve-
ment of postoperative coronal balance between immedi-
ately postoperative and final follow-up evaluations.

We hypothesized that preoperative radiographic mea-
surements, LIV selection, and amount of main thoracic
(MT) curve correction would have an impact on IPCD,
PCCB, and PCBR.

Methods

This study was designed as a multicenter retrospective
study reviewing radiographs and clinical charts. After in-
stitutional review board approval by the ethics commit-
tee at the International University of Health and Welfare
(No. 5-15-19), radiographic measurements and clinical
charts review were conducted. Twenty-one patients
(twenty females, one male), who underwent posterior
thoracic fusion for Lenke 1C or 2C AIS at three insti-
tutes, were enrolled in this study. Inclusion criteria were
as follows: (1) primary surgery by posterior thoracic fu-
sion with PS construct of LIV ending at L3 or above for
Lenke 1C/2C-AIS and (2) patients with minimum 2 years
follow-up.

The mean age and Risser grade at the time of surgery
were 15.1 £ 2.7 (11-22) years old and 3.4 + 1.4 (1-5), re-
spectively. The mean follow-up period was 3.1 (2-7.3)
years. Investigated clinical data were Lenke classification,
number of fused vertebrae, and level of LIV. Radio-
graphic coronal measurements included the Cobb angles
of the proximal thoracic (PT), MT, and TLL curves; ap-
ical vertebral translations (AVT) of the MT (AVT-MT)
and TLL (AVT-TLL) curves; LIV tilt; coronal balance;
and trunk shift on preoperative, postoperative (between
1 and 4 weeks after surgery), and final follow-up stand-
ing posteroanterior (PA) radiographs. Preoperative curve
flexibilities were evaluated on right and left side-bending
films. Radiographic sagittal measurements included the
proximal thoracic kyphosis between T2 and T5, thoracic
kyphosis between T5 and T12, thoracolumbar kyphosis
between T10 and L2, lumbar lordosis between T12 and
S1, and sagittal balance on preoperative, postoperative,
and final follow-up standing lateral radiographs.

Measurements for coronal curvature were performed
by the Cobb method. AVT-MT and AVT-TLL were mea-
sured with reference to the C7 plumb line or the CSVL,
respectively. Coronal balance was measured as the hori-
zontal distance between the C7 plumb line and the
CSVL, and trunk shift was measured as the horizontal
distance between the center of apex for MT curve and
the CSVL. Coronal balance and trunk shift were defined
as a negative value when the C7 plumb line or the center
of apex for MT curve locates at the left side to the
CSVL. Sagittal balance was measured as the horizontal
distance between the C7 plumb line and superior-



Ishikawa et al. Scoliosis and Spinal Disorders (2017) 12:16

posterior corner of S1 vertebra and was defined as a
positive value when the C7 plumb line locates anteriorly
to superior-posterior corner of S1 vertebra, and vice
versa. Coronal decompensation was defined as the abso-
lute value of coronal balance greater than 2 cm. The ratios
of values of MT curve to those of TLL curve in preopera-
tive Cobb angle and AVT were also calculated. Reference
vertebrae including the lower end vertebra (EV) and the
lower neutral vertebra (NV) of MT curve, the stable verte-
bra (SV) at thoracolumbar lesion, and the apex of TLL
curve (ApexTLL) were recorded, and the gap differences
between the LIV and the reference vertebrae were counted
(LIV-EV, LIV-NV, LIV-SV, ApexTLL-LIV).

Preoperative radiographic measurements, including the
Cobb angles, and flexibilities of the PT, MT, and TLL
curves, the AVT of the MT and TLL curves, the ratios of
the MT curve to TLL curve in the Cobb angle and AVT,
coronal balance, trunk shift and sagittal values, LIV selec-
tion, and postoperative correction of MT curve were eval-
uated whether correlating or not, to PCCB and PCBR.

Additionally, patient-reported clinical outcomes with
Scoliosis Research Society-22 (SRS-22) questionnaire
scores at the final follow-up were reported.

Surgical procedure

All patients were operated on posteriorly. After exposure
of the posterior elements of the spine, removal of inferior
facet joints to be fused in all cases was performed. Pedicle
screws were inserted bilaterally by free-hand technique,
with additional attachment of some hooks in seven cases.
For most patients, the LIV was selected at the SV on a PA
radiograph; for others, the LIV was selected at a more dis-
tal level to partially correct the TLL curve. Corrective
maneuver includes rod rotation on the concave side,
followed by in-situ rod contouring, placement of a rod on
the convex side, and segmental compression and distrac-
tion via PS. Intra-operative spinal cord monitoring with
motor-evoked potential was routinely performed. Bone
grafting was carried out using local bone materials from
facetectomies and osteotomies in all cases.

Statistical analyses

Statistical analyses were performed using the software
package IBM SPSS Statistics 22 (IBM Japan, Tokyo,
JAPAN). Radiographic measurement values at different
time points were evaluated by analysis of variance.
Unpaired ¢ test was used to compare continuous variables.
Correlation analyses were performed using Pearson’s
correlation coefficients. A P value less than 0.05 was set to
be statistically significant.

Results
The Lenke classification was 1C- in three, 1CN in ten,
1C+ in one, 2C- in two, and 2CN in five. The mean
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number of fused vertebrae was 9.6 + 2.4(6-14), and the
LIV was T11 in six, T12 in six, L1 in five, L2 in three,
and L3 in one (Table 1). Details of each patient are
shown at Table 2. The mean Cobb angles for the PT,
MT, and TLL curves were 29.4 + 9.4° (flexibility, 24.7 +
19.3%), 57.3 + 12.1° (flexibility, 29.6 + 16.3%), and 42.3 +
5.7° (flexibility, 75.0 + 14.6%) preoperatively and were
corrected to 16.1 +7.6°, 17.8 +7.7°, and 19.3 + 7.4° imme-
diately postoperatively and 16.9 +7.8° (42.8 + 18.8% cor-
rection), 22.8 + 8.9° (60.4 + 12.2% correction), and 22.5 +
7.8° (46.6 £ 17.6% correction) at the final follow-up, re-
spectively (Table 3). The preoperative Cobb angle ratio
of the MT curve to the TLL curve was 1.4 +0.2. The
postoperative changes in the Cobb angles of the PT, MT,
and TLL curves were statistically significant (Table 3).
The mean AVT-MT and AVT-TLL were 45.2 + 15.5 mm
and 22.0 £ 5.7 mm preoperatively and were corrected to
2.0+ 11.7 mm and 25.0 + 7.0 mm immediately postoper-
atively and 10.0+13.0 mm and 16.8 £ 8.4 mm at the
final follow-up (Table 3). The preoperative AVT ratio of
the MT curve to the TLL curve was 2.4 + 1.2. The mean
coronal balance and trunk shift were -3.8 +10.8 mm
and 41.3+20.5 mm preoperatively and were corrected
to -21.2+13.6 mm and -19.3 £16.7 mm immediately
postoperatively and —12.0 + 11.1 mm and -2.5 + 17.4 mm
at the final follow-up, respectively (Table 3) (Fig. 1). Cor-
onal decompensation was observed in two patients pre-
operatively, in ten immediately postoperatively, and in
three at the final follow-up. No patients required revi-
sion surgery. The mean LIV tilt was 24.4 +12.3° pre-
operatively and was corrected to 8.1 + 6.7° immediately
postoperatively and 10.2 +5.8° at the final follow-up.
The postoperative changes in AVT-MT, AVT-TLL, LIV
tilt, coronal balance, and trunk shift at the final follow-
up were statistically significant (Table 3).

Preoperative sagittal measurements did not change
significantly at the final follow-up (Table 4).

The mean gap differences in LIV-EV, LIV-NV, LIV-SV,
and ApexTLL-LIV were 1.0+ 1.4, 1.1 +1.5, 0.6 + 1.4, and
1.9 + 1.2, respectively.

Factors associated with IPCD, PCCB, and PCBR

In 20 of 21 patients, coronal balance shifted to the left
immediately after surgery. Comparative study showed
that among preoperative radiographic measurements,
LIV selection and the amount of MT curve correction,
the preoperative coronal balance and trunk shift and
LIV-SV were significantly different between patients with
IPCD and those without (-11.0+7.8 mm vs 2.7+
9.0 mm, p<0.01; 30.1 + 15.1 mm vs 51.5+19.9 mm, p<
0.05; 13+15 vs -01+0.9, p<0.05, respectively)
(Table 5). PCCB had significant correlation to the LIV
selection (LIV-EV r=-0.58, p<0.01; LIV-NV r=-0.47,
»<0.05 LIV-SV r=-048, p<0.05; ApexTLL-LIV r=
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Table 1 Patients’ demographics

Characteristics N or mean (SD/range)
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0.61, p <0.01), whereas PCCB had no significant correl-
ation to the preoperative radiographic measurements or
the amount of MT curve correction (Table 6).

Gender Female 20, male 1
Age (years old) 151427 On the contrary, PCBR had no significant correlation
Risser grade 2asi1a to the preoperative radiographic measurem(?nts, LIV se-
lection, or the amount of MT curve correction, whereas
Follow-up period (years) 31(2-73) PCBR had significant correlation to the immediately
Lenke classification 1¢-0) postoperative coronal balance (r=-0.61, p <0.01) and
1CN (10) trunk shift (r = -0.57, p < 0.01) (Table 6) (Fig. 2).
1C+ (1)
20— ) SRS-22 questionnaire scores
2N (5) quain scores of SRS-.22 questionna.ire were 4.4 0.2 in
Pain, 4.4 £ 0.5 in Function, 3.4 + 0.9 in Self-Image, 3.9 +
Mean fused vertebrae 96+ 24 1.0 in Mental Health, 3.9 + 0.7 in Satisfaction, and 4.0 +
Lowest instrumented vertebra T11 (6) 0.4 in Total at the final follow-up.
T12 (6)
L1 (5) Discussion
123 The surgical outcomes for a primary thoracic curve with
301 a compensatoFy lumbar curve remain one of the most
controversial issues in surgical AIS treatment. Advan-
tages of STF for this curve pattern are saving more
mobile lumbar segments and inducing spontaneous
lumbar curve correction; however, the risks of postoperative
coronal decompensation and resultant marked lumbar curve
Table 2 Details of each patient
Case Age Gender Follow-up Lenke Fusion MT curve (°) TLL curve (°) Coronal balance (mm)
no. (/o) period (years) Classification  level Level  Preop. Postop. Final Level  Preop. Postop. Final Preop. Postop. Final
1 12 F 4.0 1CN T4-T12 T6-T11 52 10 13 TI-L3 47 33 19 -9 =22 =16
2 " F 55 2CN T3-L1  T5-T11 76 32 39 T11-L4 45 17 20 0 -5 =10
3 15 F 73 1CN T2-L2  T6-T12 60 22 24 T12-14 42 22 25 10 -5 0
4 14 F 50 1C- T2-L2  T6-T11 55 20 18 T11-L3 32 14 15 =10 =53 -26
5 14 F 4.5 1CN T2-L1  T5-T11 52 15 12 T11-L4 38 20 26 =12 =22 -2
[§ 14 F 30 1CN T2-L3  T5-T11 51 15 18 T1-14 44 25 37 =2 =37 -18
7 17 F 20 1CN T3-L2 T5-T10 47 14 14 Ti0-L4 44 13 13 -2 -41 -40
8 13 F 50 2CN T5-T12 T6-T12 51 28 28 T12-14 43 31 32 -22 -30 =33
9 20 F 20 2CN T2-L1  T5-T11 92 33 36 T11-L4 51 13 26 —10 =27 -2
10 12 F 23 2CN T2-T12 T5-T12 76 18 38  T12-14 55 18 29 14 -8 0
" 14 F 23 2C- T4-T11 T5-T11 50 8 13 T4 42 9 6 =13 -6 =17
12 13 F 26 2C— T5-T11 T5-T11 49 7 17 T1-L3 38 8 17 =25 -26 =17
13 17 M 23 2CN T5-L1  T5-T12 52 14 25 T12-14 32 25 17 " =12 =10
14 18 F 20 1CN T5-T12 T5-T11 61 22 21 -4 41 26 26 0 -18 =11
15 15 F 20 1CN T6-T11 T5-T12 39 14 24 T12-14 40 14 27 —4 -24 -9
16 17 F 20 1CN T5-T12 T5-T11 48 13 16 T11-14 34 24 22 -14 —44 =11
17 22 F 2.8 1C— T5-L1  T4-T12 65 20 21 T12-L4 43 13 12 0 -14 -6
18 17 F 3.1 1C- T3-T11 T3-T11 54 30 32 T1-L4 44 32 31 0 =15 -16
19 15 F 23 1CN T5-T12 T5-T12 58 9 13 T12-L4 48 15 16 -8 -15 =12
20 13 F 2.1 1C+ T5-T11 T4-T12 64 18 35 T12-L4 46 14 32 0 -8 4
21 15 F 20 1CN T5-T11 T4-T11 50 13 23 T11-14 40 19 26 15 =13 0

MT main thoracic, TLL thoracolumbar/lumbar
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Table 3 Radiographic coronal measurements

Coronal measurements  Preop. Postop. Final follow-up
PT curve () 294+£94 16.1+76% 169+78°

Flexibility (%) 24.7+£193

Correction rate (%) 428+ 188
MT curve () 573£121 178+7.7° 228+897

Flexibility (%) 296+163

Correction rate (%) 604+12.2
TLL curve (°) 423+57 193+747 225+78°

Flexibility (%) 750+ 146

Correction rate (%) 466+ 176
AVT-MT (mm) 452 %155 20+11.7° 100+ 13.0°
AVT-TLL (mm) 220+57 250+70 16.8 +84°
LIV tilt (°) 244+123 81+6.7° 102 +£5.8°
Coronal balance (mm) —-38+108 —212+136* —120+11.1°
Trunk shift (mm) 413+205 -193+167° -25+174°

Values indicate mean + standard deviation

PT proximal thoracic, MT main thoracic, TLL thoracolumbar/lumbar, AVT apical
vertebral translation, LIV lowest instrumented vertebra

“Statistical significance

magnitude compared to correction and fusion of both the
thoracic and lumbar curves are considered to be shortcom-
ings in STF. The primary thoracic and compensatory lumbar
curves are generally classified as King type II or
Lenke 1C/2C curves, in which the MT curve is larger
and more rigid than the TLL curve and both the MT
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Table 4 Radiographic sagittal measurements

Sagittal measurements  Preop. Postop. Final follow-up
T2-T5 (°) 88+4.7 11.6£5.1 11359
T5-T12 () 175108 158+8.1 182+8.1
T10-L2 () -49+124 -28+10.1 -40+£95
T12-S1 (°) =531+£120 —446+£125 —-481+106
Sagittal balance (mm) -97+233 32+220° —17.1+135

Values indicate mean + standard deviation
Statistical significance

and TLL curves cross midline. In these curve pat-
terns, coronal balance are usually prone to shift to
the left preoperatively, and previous studies have
shown that coronal balance tends to shift further to
the left after STF, which may result in coronal de-
compensation in some patients [7]. Whereas, it is also
known that patients with immediately postoperative
coronal imbalance usually regain coronal balance to
some degrees during the follow-up period; however,
some patients persist coronal imbalance after surgery.

Several causative factors have been reported for post-
operative coronal decompensation; however, many of
these causative factors were based on not only various
surgical approaches but also the evaluation with the
change of coronal balance between preoperative and
final follow-up evaluations. Detailed analyses to seek
the factors associated with the changes of coronal bal-
ance between preoperative and immediately postopera-
tive follow-ups and between immediately postoperative

80

60

40

20

Pre

-60

—Coronal Balance (mm)

Fig. 1 Postoperative behavior of coronal balance and trunk shift. Preoperative coronal balance and trunk shift were significantly shifted to the left
immediately postoperatively; however, both of them regained balance at final follow-up

...... Trunk Shift (mm)
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Table 5 Comparative analyses between patients with IPCD and those without

Parameters IPCD (N=10) Non-IPCD (N=11) P value
PT Cobb (°) Preop. 278+72 307£11.2 0.50
Flexibility (%) 157+128 31.7+£213 0.10
Postop. 168+83 155+74 0.72
Final 165+63 173+92 0.81
Correction rate (%) 413£173 443208 0.72
MT Cobb (°) Preop. 536+ 142 605+9.2 0.20
Flexibility (%) 292+£189 299+ 147 0.93
Postop. 169+79 187+7.7 0.59
Final 196+78 258+9.1 0.11
Correction rate (%) 632+124 579+12.1 0.33
TLL Cobb () Preop. 41.1£58 435+£56 036
Flexibility (%) 76.2+16.2 742+ 144 0.81
Postop. 195+85 19167 0.90
Final 233+76 21.7+£82 0.65
Correction rate (%) 430+17.2 498+ 182 0.39
AVT-MT (mm) Preop. 41.1+162 488+ 14.7 027
Postop. 39+133 00+102 047
Final 93+121 106+ 143 0.84
AVT-TLL (mm) Preop. 241+6.7 201 +42 013
Postop. 272+77 23.1+6.1 0.21
Final 185+97 153+74 043
LIV tilt (%) Preop. 186+11.2 292114 0.05
Postop. 78%72 84+65 0.87
Final 98+6.1 105+57 0.78
Coronal balance (mm) Preop. -11.0+7.8 2.7+9.0 <0.01
Postop. -325+10.7 -10.8+4.6 <0.01
Final -17.4+£125 =71%7.1 <0.05
Trunk shift (mm) Preop. 30.1+15.1 51.5+19.9 <0.05
Postop. -28.6+17.4 -10.8+11.0 <0.05
Final -90+£159 35172 0.10
LIV-EV 16+1.7 05+09 0.09
LIV-NV 15+18 07£1.1 0.24
LIV-SV 1.3+1.5 -0.1+0.9 <0.05
ApexTLL-LIV 14+£13 2310 0.10

Values indicate mean * standard deviation. Bold values indicate a statistical significance
IPCD immediately postoperative coronal decompensation, PT proximal thoracic, MT main thoracic, TLL thoracolumbar/lumbar, AVT apical vertebral translation, LIV
lowest instrumented vertebra, EV end vertebra, NV neutral vertebra, SV stable vertebra

and final follow-ups are still lacking. PCBR, defined
as the improvement of coronal balance between im-
mediately postoperative and final follow-ups, is an-
other aspect of the postoperative behavior of coronal
balance, compared to the onset of postoperative cor-
onal decompensation.

Thus, we attempted to define the correlative factors to
IPCD, PCCB, and PCBR after posterior thoracic fusion
with PS construct in Lenke 1C/2C-AIS.

As demonstrated in the results, coronal balance tends
to shift to the left preoperatively, and it shifts further to
the left immediately postoperatively in 20 of 21 patients.
To detect the causative factors for the onset of IPCD, we
performed comparative and correlation analyses. From
the comparative study, preoperative coronal balance and
trunk shift, and LIV-SV were found to be significantly
different between compensated and decompensated pa-
tients immediately postoperatively, whereas correlation
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Table 6 Correlation analyses on PCCB and PCBR

Parameters PCCB PCBR
r Pvalue r P value
PT Cobb Preop. 027 0.23 -020 039
Flexibility 0.02 0.93 -013 063
Postop. -004 087 -005 084
Final 0.16 048 -0.14 054
Correction rate  0.16 0.50 -0.09 071
MT Cobb Preop. 0.16 049 0.05 0.84
Flexibility 0.13 0.59 0.02 0.92
Postop. -001 095 -004 086
Final 0.10 0.66 =011 065
Correction rate  0.00 0.99 0.15 0.53
TLL Cobb Preop. 0.27 0.24 -028 022
Flexibility 0.02 0.95 0.02 0.96
Postop. -014 054 -009 072
Final -0.16 048 0.28 0.23
Correction rate  0.28 0.22 -041 007
AVT-MT Preop. 0.12 062 0.16 049
Postop. -003 090 -012 062
Final 0.16 0.50 -024 030
AVT-TLL Preop. -0.14 057 031 0.20
Postop. 0.25 0.30 0.07 0.77
Final 0.16 0.50 -002 093
LIV tilt Preop. 0.18 044 -027 025
Postop. -046 005 0.03 0.89
Final -038 0.10 0.12 062
Coronal balance  Preop. -033 014 -0.12 060
Postop. 0.66 <0.01 -0.61 <0.01
Final 0.26 0.26 025 0.28
Trunk shift Preop. -0.09 071 0.06 0.81
Postop. 0.51 <0.05 -0.57 <0.01
Final 032 0.15 0.01 098
LIV-EV -0.58 <0.01 024 0.29
LIV-NV -0.47 <0.05 0.18 044
LIV-SV -0.48 <0.05 0.17 047
ApexTLL-LIV 0.61 <0.01 =031 017
A rindicates Pearson’s correlation coefficient. Bold values indicate a statistical
significance

PCCB postoperative change of coronal balance, PCBR postoperative coronal
balance remodeling, PT proximal thoracic, MT main thoracic, TLL thoracolumbar/
lumbar, AVT apical vertebral translation, LIV lowest instrumented vertebra, EV end
vertebra, NV neutral vertebra, SV stable vertebra

analysis found that PCCB was significantly correlated to
the LIV selection relative to the EV, NV, SV, and
ApexTLL. Regarding LIV selection, only the LIV-SV was
found to be significantly associated with both the onset
of IPCD and PCCB. These results indicate that the
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immediately postoperative change of coronal balance de-
pends only on LIV selection, and not on preoperative
radiographic measurements or the amount of MT curve
correction, and that a fixation more distal to the SV
shifts the coronal balance even further to the left imme-
diately postoperatively. Moreover, a patient with a pre-
existing coronal imbalance to the left tends to be
decompensated to the left immediately postoperatively if
the LIV is selected at a level more distal to the SV. It is
important to note that coronal balance shifted further to
the left immediately postoperatively in majority of pa-
tients even when the LIV was selected at the SV, indicat-
ing that STF may itself produce an immediately
postoperative leftward shift of the coronal balance [11].
Accordingly, patients with preoperative coronal imbal-
ance further to the left and inappropriate selection of
LIV, such as fixation distal to the SV would be at a high
risk of IPCD. These findings suggest that selecting the
LIV at the SV would minimize the risk of IPCD for pa-
tients with Lenke 1C/2C-AlIS.

Regarding PCBR, this study demonstrated that PCBR
occurred in majority of patients more than 5 mm during
postoperative periods and the deterioration of immedi-
ately postoperative coronal balance occurred in only lim-
ited cases (four cases) at the final follow-up and also
found that PCBR had significantly negative correlation to
the immediately postoperative coronal balance and trunk
shift. These results indicate that patients with coronal bal-
ance shifted further to the left immediately postoperatively
tend to compensate more balance during the follow-up
period, which may be attributed to a postural reflex, po-
tentially existing in the relatively flexible lumbar curves
(Lenke 1C/2C-AIS), although three patients persisted cor-
onal decompensation at the final follow-up. That is, PCBR
is dependent on the immediately postoperative condition
in coronal balance and trunk shift. Coronal decompensa-
tion at the final follow-up was observed in three patients,
so comparative analysis to detect the causative factors for
coronal decompensation at the final follow-up was not
performed because of the limited number of patients, al-
though the LIV-SV tended to be larger in patients with
coronal decompensation at the final follow-up, compared
to those without (2.3 vs 0.3). Patients with coronal decom-
pensation at the final follow-up were all decompensated
immediately postoperatively, and none of the compen-
sated patients immediately postoperatively were decom-
pensated at the final follow-up. Accordingly, optimal
curve identification and surgical strategy to minimize the
risk of IPCD may be more beneficial to prevent coronal
decompensation at the final follow-up. The current study
suggests that selecting the LIV at the SV minimizes the
risk of postoperative coronal decompensation after poster-
ior thoracic fusion using PS construct for Lenke 1C/2C-
AIS and results in acceptable patients-reported outcomes.
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to =9 mm with remodeling, as seen 2 years after surgery (c)

Fig. 2 A representative case (Case No. 15). A 15-year-old female with Lenke 1CN adolescent idiopathic scoliosis underwent selective posterior
thoracic fusion from T6 to T11. The preoperative coronal balance of —4 mm (a) worsened to —24 mm immediately after surgery (b), but recovered

Further studies to determine the optimal candidate
for STF based on the preoperative characteristics of
the TLL curve and coronal balance are needed to
prevent postoperative coronal decompensation in the
primary thoracic and compensatory lumbar curves.

This retrospective study has several limitations, in-
cluding the small sample size and relatively short follow-
up period. As for the follow-up period, observation with
longer postoperative period is critical in the evaluation
of clinical and radiographic outcomes, especially in treat-
ing young patients. However, the postoperative spontan-
eous unfused lumbar curve correction and remodeling
of trunk shift after STF are reported to occur usually
within 2 years after surgery [14], so a minimum 2-year
follow-up observation may minimize these concerns.

Conclusions

The onset of IPCD was associated with the preoperative
coronal balance and trunk shift, and the LIV selection
relative to the SV, whereas PCBR was associated with the
immediately postoperative coronal balance and trunk shift
in patients treated by posterior thoracic fusion using PS
construct for Lenke 1C/2C-AIS. Selecting the LIV at the
SV would be optimal in treating Lenke 1C/2C-AIS in
terms of avoiding postoperative coronal decompensation.

Abbreviations

AlS: Adolescent idiopathic scoliosis; AVT: Apical vertebral translation;
CSVL: Center sacral vertical line; EV: End vertebra; IPCD: Immediately postoperative
coronal decompensation; LIV: Lowest instrumented vertebra; MT: Main thoracic;
NV: Neutral vertebra; PA: Posteroanterior; PCBR: Postoperative coronal balance
remodeling; PCCB: Postoperative change of coronal balance; PS: Pedicle screw;

PT. Proximal thoracic; SRS: Scoliosis Research Society; STF: Selective thoracic fusion;
SV: Stable vertebra; TLL: Thoracolumbar/lumbar

Acknowledgements
There was no acknowledgment for this study.

Funding
There was no funding for this study.

Availability of data and materials

This article is distributed under the terms of the Creative Commons
Attribution 4.0 International License (http://creativecommons.org/licenses/by/
4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided that you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate
if changes were made. The Creative Commons Public Domain Dedication
waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated.

Authors’ contributions

MI made the study design and wrote the initial protocol. MI, KC, LP, NF, MY,
and KW collected the data for all the patients. Ml evaluated the results, and
the final statistical analyses were performed by MI. MI drafted the manuscript.
MM (the thirteenth author) revised the manuscript critically and gave final
approval of the version to be published. All authors contributed and approved
the final manuscript.

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

Consent for publication
Consent for publication was obtained.

Ethics approval and consent to participate

Institutional review board approval by the ethics committee at the
International University of Health and Welfare (No. 5-15-19) and consent to
participate were obtained.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Ishikawa et al. Scoliosis and Spinal Disorders (2017) 12:16

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Spine and Spinal Cord Center, Mita Hospital, International University of
Health and Welfare, 1-4-3 Mita, Minato-ku, Tokyo 108-8329, Japan.
2Department of Orthopedic Surgery, School of Medicine, Keio University, 35
Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan. “Department of
Orthopedic Surgery, Murayama Medical Center, 2-37-1 Gakuen,
Musashimurayama-shi, Tokyo 208-0011, Japan. “Department of Orthopedic
Surgery, National Defense Medical College, 3-2 Namiki, Tokorozawa-shi,
Saitama 359-8513, Japan. *Department of Orthopedic Surgery, Kitasato
University, Kitasato Institute Hospital, 5-9-1 Shirokane, Minato-ku, Tokyo
108-8642, Japan. ®Keio Spine Research Group, 35 Shinanomachi, Shinjuku-ku,
Tokyo 160-8582, Japan.

Received: 21 July 2016 Accepted: 24 April 2017
Published online: 12 May 2017

References

1. Moe JH. A critical analysis of methods of fusion for scoliosis. An evaluation
in two hundred and sixty-six patients. J Bone Joint Surg Am. 1958:40:529-54.

2. King HA, Moe JH, Bradford DS, Winter RB. The selection of fusion levels in
thoracic idiopathic scoliosis. J Bone Joint Surg Am. 1983,65:1302-13.

3. Lenke LG, Betz RR, Bridwell KH, Harms J, Clements DH, Lowe TG.
Spontaneous lumbar curve coronal correction after selective anterior or
posterior thoracic fusion in adolescent idiopathic scoliosis. Spine (Phila Pa 1976).
1999.24:1663-72.

4. Dobbs MB, Lenke LG, Walton T, Peelle M, Rocca GD, Steger-May K, Bridwell
KH. Can we predict the ultimate lumbar curve in adolescent idiopathic
scoliosis patients undergoing a selective fusion with undercorrection of the
thoracic curve? Spine (Phila Pa 1976). 2004,9:277-85.

5. Chang KW, Chang KI, Wu CM. Enhanced capacity for spontaneous
correction of lumbar curve in the treatment of major thoracic-
compensatory C modifier lumbar curve pattern in idiopathic scoliosis.
Spine (Phila Pa 1976). 2007;32:3020-9.

6. Takahashi J, Newton PO, Ugrinow VL, Bastrom TP. Selective thoracic fusion
in adolescent idiopathic scoliosis. Factors influencing the selection of the
optimal lowest instrumented vertebra. Spine (Phila Pa 1976). 2011;36:1131-41.

7. Lenke LG, Bridwell KH, Baldus C, Blanke K. Preventing decompensation in
King type Il curves treated with Cotrel-Dubousset instrumentation. Strict
guidelines for selective thoracic fusion. Spine (Phila Pa 1976). 1992;17:5274-81.

8. Ishikawa M, Cao K, Pang L, Watanabe K, Yagi M, Hosogane N, Machida M,
Shiono Y, Nishiyama M, Fukui Y, Matsumoto M. Postoperative behavior of
thoracolumbar/lumbar curve and coronal balance after posterior thoracic
fusion for Lenke 1C and 2C adolescent idiopathic scoliosis. J Orthop Sci.
2015;20:31-7.

9. Thompson JP, Transfeldt EE, Bradford DS, Ogilvie JW, Boachie-Adjei O.
Decompensation after Cotrel-Dubousset instrumentation of idiopathic
scoliosis. Spine (Phila Pa 1976). 1990;15:927-31.

10.  McCance SE, Denis F, Lonstein JE, Winter RB. Coronal and sagittal balance in
surgically treated adolescent idiopathic scoliosis with the King Il curve pattern.
A review of 67 consecutive cases having selective thoracic arthrodesis. Spine
(Phila Pa 1976). 1998,23:2063-73.

11. Wang Y, Bunger CE, Wu C, Zhang Y, Hansen ES. Postoperative trunk shift in
Lenke 1C scoliosis. What causes it? How can it be prevented? Spine (Phila
Pa 1976). 2012,37:1676-82.

12. Schulz J, Asghar J, Bastrom T, Shufflebarger H, Newton PO, Sturm P, Betz RR,
Samdani AF, Yaszay B, Harms Study Group. Optimal radiographical criteria
after selective thoracic fusion for patients with adolescent idiopathic
scoliosis with a C lumbar modifier. Does adherence to current guidelines
predict success? Spine (Phila Pa 1976). 2014;39:E1368-73.

13. Demura S, Yaszay B, Bastrom TP, Carreau J, Newton PO, Harms Study Group.
Is decompensation preoperatively a risk in Lenke 1C curves? Spine (Phila Pa 1976).
2013,38£649-55.

14. Wang Y, Blnger CE, Zhang Y, Wu C, Hansen ES. Postoperative spinal
alignment remodeling in Lenke 1C scoliosis treated with selective thoracic
fusion. Spine J. 2012;12:73-80.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical procedure
	Statistical analyses

	Results
	Factors associated with IPCD, PCCB, and PCBR
	SRS-22 questionnaire scores

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

