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Scoliosis
Fei Wang, MD, Xi-ming Xu, MD, Xian-zhao W

Abstract: Selective fusion of the thoracolumbar/lumbar (TL/L) curve

is an effective method for the treatment of Lenke type 5C curves.

Several studies have demonstrated that spontaneous correction of the

thoracic curve does indeed occur. However, how this correction occurs

after isolated posterior segmental instrumentation of the structural

lumbar curve has not been well described.

The aim of this study was to evaluate the response of the thoracic curve

to selective TL/L curve fusion in patients with Lenke type 5C adolescent

idiopathic scoliosis (AIS) and assess the correlative clinical outcomes.

Thirty-four consecutive patients with Lenke type 5C AIS were

included in this study. All patients underwent selective TL/L curve

instrumentation and fusion via the posterior approach. Coronal and

sagittal radiographs were analyzed before surgery, at 1 week after surgery

and at least 2 years after surgery. The preoperative coronal Cobb angle of

the major TL/L curve was 45.48� 7.08, and that of the minor thoracic

curve was 25.48� 8.88. The major TL/L and minor thoracic curves were

corrected to postoperative angles of 9.58� 5.08 and 11.28� 5.28, respect-

ively, and measured 10.58� 6.08 and 13.48� 7.58 at the follow-up,

respectively. The supine side-bending average Cobb angle of the thoracic

curve was 9.98. These results demonstrate satisfactory improvements

because of coronal and sagittal restoration. Significant correlations were

found between the preoperative and early postoperative conditions and the

Cobb angle changes of the minor thoracic curve and the major TL/L

curves (r¼ 0.42, P¼ 0.01). Significant correlations were also observed

between the early and final follow-up postoperative conditions and the

Cobb angle changes of the minor thoracic curve and the major TL/L

curves (r¼ 0.57, P< 0.001). Significant correlations were observed

between increased thoracic kyphosis (TK) and increased lumbar lordosis

(LL) in the preoperative and early postoperative conditions (r¼ 0.36,

P¼ 0.035) and between increased TK and increased LL in the preopera-
, MD, Xiao-dong Zhu, MD, and Ming Li, MD

radiographs are an effective method of predicting the spontaneous

correction of thoracic curves. The correction of LL is important for

maintaining spinal sagittal alignment.

(Medicine 94(29):e1155)

Abbreviations: AIS = adolescent idiopathic scoliosis, AVT =

apical vertebral translation, CB = coronal balance, L-AVT = lumbar

AVT, LIV = lowest instrumented vertebra, LL = lumbar lordosis,

PJA = proximal junctional angle, PJK = proximal junctional

kyphosis, RSH = radiographic shoulder height, SVA = sagittal

vertical axis, T-AVT = thoracic AVT, TK = thoracic kyphosis, TK =

thoracic kyphosis, TL/L = thoracolumbar/lumbar, TS = trunk shift,

UIV = upper instrumented vertebra.

INTRODUCTION

A dolescent idiopathic scoliosis (AIS) is a type of complex 3-
dimensional structural deformity of the spine and is charac-

terized by vertebral rotation in the transverse plane, lateral
curvature in the frontal plane, and abnormal alignment in the
sagittal plane. The operative goals of surgery in AIS are to
obtain maximum correction of the curves, a well-balanced
spine, and maximum functionality of the vertebral column.
Surgical options consist of anterior, posterior, or combined
procedures. However, with the development of instrumentation
systems and surgical techniques, the posterior approach has
become a popular treatment of thoracolumbar/lumbar (TL/L)
curves in AIS.

Lenke type 5C AIS is characterized by a structural TL/L
curve with a compensatory thoracic curve. Dwyer et al1

reported the first use of an anterior approach in the corrective
spinal surgery of patients with TL/L curves. The anterior
approach of corrective spinal surgery achieves a shorter level
of fusion and better correction of the coronal deformity.2,3

However, the anterior approach may cause a kyphosing effect
over the fused segments and is associated with a relatively high
incidence of pseudarthrosis, respiratory compromise caused by
the thoracoabdominal approach, a large vascular injury, a
complex anatomic approach, and a cosmetically less acceptable
scar.1,4,5

Harrington6 first presented the posterior approach for
treating TL/L curves using the hooks and rod system. Shuf-
flebarger et al7 found that the posterior treatment of TL/L with a
wide posterior release and segmental pedicle screw instrumen-
tation had excellent radiographic and clinical results with
minimal complications. Bennett et al8 showed that patients
with AIS who underwent posterior pedicle screw instrumenta-
tion and spinal fusion for TL/L curves achieved improved
correction in the coronal, sagittal, and axial planes. Several
lack of significant difference in coronal
ection between anterior and posterior
edicle screw for the treatment of TL/L
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curves in AIS.9–11 However, Geck et al12 showed that adoles-
cents with Lenke 5C curves obtained statistically significantly
better curve correction, less loss of correction over time, and
shorter hospital stays when treated with a posterior release and
fusion via pedicle screws compared with anterior fusion via
dual rods.

Huitema et al13 and Senkoylu et al14 showed spontaneous
thoracic curve correction after the selective anterior fusion of
thoracolumbar and lumbar curves, obtaining satisfactory results
in the treatment of AIS. Many studies have also found that the
improvement of the unfused thoracic curve occurs through
posterior fusion of the TL/L curves.3,7,8,15,16 However, few
studies have focused in detail on the uninstrumented thoracic
curves after the selective posterior fusion of the TL/L curves in
Lenke 5C AIS patients. Therefore, the purpose of this study was
to define radiographic and clinical outcomes of spontaneous
thoracic curve correction after the selective posterior fusion of
the TL/L curves in Lenke 5C AIS.

METHODS AND MATERIALS

Setting and Patient Population
Thirty-four consecutive patients with Lenke type 5C AIS

were treated using one-stage TL/L posterior spinal instrumen-
tation and fusion from June 2011 to February 2013. The
inclusion criteria were as follows: diagnosis of AIS and age
from 12 to 19 years; TL/L curve >408; no previous additional
flexibility-modifying surgery; and a minimum of 2 years of
follow-up. According to the classification scheme by Lenke
et al17, there were 9 patients with a sagittal thoracic ‘‘–’’
modifier and no patients with ‘‘þ’’ modifiers. The Expedium
instrumentation system (DepuySynthes, West Chester, PA) was
utilized in all 34 cases. All surgical procedures were performed
by 1 senior surgeon (M.L.). The study was approved by the
clinical research ethics committee of our hospital.

Radiographic and Clinical Assessment
Preoperative, immediate postoperative (ie, the 1st week),

and final follow-up radiographs were obtained on long cassettes
by certified radiology technicians in a standardized fashion.
Supine side-bending radiographs were obtained preoperatively
for all patients. The parameters measured on the coronal radio-
graphs were as follows: Cobb angle of the major TL/L curve;
Cobb angle of the minor thoracic curve; coronal balance (CB);
trunk shift (TS); radiographic shoulder height (RSH); apical
vertebral translation (AVT); and lowest instrumented vertebra
(LIV) tilt. CB was defined as the horizontal distance between
the center of the S1 vertebra and a vertical line drawn from the
center of C7. TS was the horizontal distance from the center
sacral line to a line that bisected the distance between the lateral
edges of the rib margins in the midthoracic area. RSH was the
perpendicular distance in the soft tissue shadow directly
superior to the acromioclavicular joint. Thoracic AVT (T-
AVT) was the distance between the apical thoracic vertebra
of the curve and the C7 vertebra plumb line. Lumbar AVT (L-
AVT) was the distance between the apical lumbar vertebra of
the curve and the C7 vertebra plumb line. LIV tilt was measured
as the inclination in degrees of the inferior endplate relative to
the horizontal plane. Five sagittal radiographic parameters were
measured by thoracic kyphosis (TK), lumbar lordosis (LL),
proximal junctional angle (PJA), and sagittal vertical axis

Wang et al
(SVA). TK is the angle between the lines drawn from the T5
superior endplate and the T12 inferior endplate. LL is the angle
between the lines drawn from the T12 superior endplate and the
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S1 inferior endplate. PJA is the angle between the lower
endplate of the upper-instrumented vertebra (UIV) and the
upper endplate of 2 vertebrae above UIV. SVA is the distance
between the posterosuperior point of the sacral plate and the
plumb line drawn from C7.

The Cobb angles were manually measured on all of the
radiographs by 2 physicians, and the average values were
obtained. An experienced spine surgeon reviewed the medical
records and plain radiographs of all patients. The assessment of
radiographs included preoperative standing posterior anterior
(PA), supine side bending, and postoperative standing PA
radiographs. The postoperative radiographic evaluation
included the immediate postoperative and final follow-
up radiographs.

The correction rate and flexibility rate were calculated as
follows:

Formula 1:
Correction rate (%)¼ (Preoperative angle – Postoperative

angle)/Preoperative angle� 100%.
Formula 2:
Flexibility rate (%)¼ (Preoperative standing angle – Pre-

operative bending angle)/Preoperative Cobb Angle� 100%.
Proximal junctional kyphosis (PJK) was defined as a PJA

>108 and at least 108 greater than the corresponding
preoperative measurement.

CB was graded as coronal decompensation (>2.0 cm),
satisfactory (�2.0 cm), and excellent (�1.0 cm).

RSH was graded as significant imbalance (>3 cm), mod-
erate imbalance (2–3 cm), minimal imbalance (1–2 cm), or
balanced (<1 cm).

Statistical Analyses
Statistical analyses were performed using the SPSS stat-

istical software v. 17.0 (SPSS Inc., Chicago, IL). Preoperative
and postoperative radiographic parameters were compared
using paired t tests. Pearson correlation coefficient was calcu-
lated using a linear regression analysis. The ‘‘r’’ correlation
values were defined as follows: high correlation, 0.80 to 1.00;
marked correlation, 0.60 to 0.79; and moderate correlation, 0.40
to 0.59; values >0.40 were defined as low or no correlation.18

Statistical significance was defined as P< 0.05.

RESULTS

Patient Demographics
The study included 32 females (94.1%) and 2 males

(5.9%). The mean age at the time of surgery was 15.4� 2.0
years (range: 12.0–19.0 years). The average time of the final
follow-up was 32.5� 10.1 months (range: 24.0–60.0 months).
The UIV was located at T8 in 1 patient, T9 in 11 patients, T10 in
14 patients, and T11 in 8 patients. The LIV was located at L3 in
7 patients, L4 in 22 patients, and L5 in 5 patients (see Table 1).

Coronal Plane Parameters
The coronal Cobb angle of the major TL/L curve was

45.98� 6.48 (preoperative), 9.88� 4.88 (immediate postopera-
tive), and 10.38� 5.88 (final follow-up). The Cobb angle of the
minor thoracic curve was 25.48� 8.88 (preoperative),
10.98� 4.98 (immediate postoperative), and 12.38� 6.18 (final
follow-up). The rate of spontaneous correction was 55.4% for
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the minor thoracic curve. A significant difference was observed
between the preoperative and immediate postoperative Cobb
angles of the major and minor curve (P< 0.001). No significant
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TABLE 1. preoperative and Postoperative Date for All Patients (N ¼ 34)

Patients
Age,

y Sex
Curve
Type

Final
FU. mo

Main
Curve

Minor
Curve

Fusion
Level

SB (8)
(Major)

SB (8)
(Minor)

TL/L Curve (8) Thoracic Curve (8)
FR (%)
(Major)

FR (%)
(Minor)

CR (%)
(Major, Post)

CR (%)
(Major, FU)

CR (%)
(Minor, Post)

lCR (%)
(Minor, FU)Pre Im-Post FU Pre Im-Post FU

1 16 F 5CN 24 T10-L3 T6-T10 T10-L3 4 10 45 8 7 30 12 17 91 67 82 84 60 43

2 16 F 5CN 25 T11-L3 T7-T11 T9-L4 30 9 50 7 6 22 7 6 40 59 86 88 68 73

3 17 F 5CN 30 T10-L3 T5-T10 T9-L3 6 7 42 7 10 20 5 5 86 65 83 76 75 75

4 13 F 5CN 24 T10-L3 T6-T10 T9-L3 10 15 45 7 8 29 15 21 78 48 84 82 48 28

5 14 F 5C- 24 T10-L3 T6-T10 T9-L4 25 5 51 11 16 20 5 10 51 75 78 69 75 50

6 15 F 5CN 32 T12-L5 T5-T12 T11-L5 5 7 41 3 8 27 10 11 88 74 93 81 63 59

7 15 F 5CN 48 T10-L4 T5-T10 T10-L4 14 8 52 10 14 30 10 15 73 73 81 73 67 50

8 14 F 5CN 31 T11-L4 T6-11 T10-L4 20 18 58 14 10 42 20 20 66 57 76 83 52 52

9 18 F 5CN 24 T12-L4 T5-12 T11-L4 4 4 40 13 17 30 6 13 90 87 68 58 80 57

10 15 F 5C- 36 T12-L4 T6-T12 T11-L4 13 19 45 10 12 35 15 25 71 46 78 73 57 29

11 12 F 5CN 60 T10-L2 T5-T10 T9-L3 22 10 48 13 14 30 8 9 54 67 73 71 73 70

12 19 F 5CN 32 T11-L4 T7-T11 T11-L3 3 12 41 14 15 32 13 15 93 63 66 63 59 53

13 19 F 5CN 24 T10-L3 T4-T10 T9-L4 25 19 55 22 20 40 18 15 55 53 60 64 55 63

14 19 F 5C- 50 T10-L4 T3-T10 T9-L3 9 18 46 20 18 37 20 18 80 51 57 61 46 51

15 15 F 5CN 24 T11-L3 T5-T11 T11-L4 4 6 40 10 11 14 6 2 90 57 75 73 57 86

16 14 F 5CN 24 T12-L4 T6-T12 T11-L4 1 11 40 15 8 19 15 10 98 42 63 80 21 47

17 15 F 5C- 24 T11-L4 T5-T11 T10-L4 8 10 40 9 14 28 15 22 80 64 78 65 46 21

18 14 F 5CN 33 T10-L3 T4-T10 T9-L4 17 13 43 8 6 18 7 8 61 28 81 86 61 56

19 16 F 5CN 46 T11-L4 T6-T11 T10-L4 18 5 45 12 19 26 7 11 60 81 73 58 73 58

20 16 F 5CN 50 T11-L4 T5-T11 T10-L5 9 8 45 5 3 10 8 5 80 20 89 93 20 50

21 16 F 5CN 33 T11-L4 T5-T11 T10-L5 8 13 49 3 1 33 11 18 84 61 94 98 67 46

22 12 F 5CN 47 T11-L4 T5-T11 T10-L5 11 6 45 2 2 28 6 6 76 79 96 96 79 79

23 17 F 5CN 25 T11-L3 T5-T11 T10-L4 23 20 66 17 23 34 15 15 65 41 74 65 56 56

24 13 F 5CN 24 T11-L3 T6-T11 T10-L4 7 5 42 9 2 17 7 7 83 71 79 95 59 59

25 17 F 5CN 24 T10-L4 T5-T10 T10-L4 5 8 40 9 15 24 17 19 88 67 78 63 29 21

26 14 F 5CN 39 T11-L4 T6-T11 T10-L4 10 10 55 13 12 34 15 11 82 71 76 78 56 68

27 19 F 5CN 30 T11-L3 T4-T11 T9-L4 20 5 41 10 6 17 10 13 51 71 76 85 41 24

28 15 M 5CN 32 T9-L2 T4-T9 T8-L3 21 15 57 3 11 33 10 18 63 55 95 81 70 46

29 15 F 5CN 24 T11-L4 T4-T11 T10-L4 6 3 40 13 13 17 8 4 85 82 68 68 53 77

30 13 F 5CN 30 T10-L4 T5-T10 T9-L4 7 15 45 13 2 33 22 20 84 55 71 96 33 39

31 15 M 5CN 48 T10-L3 T7-T10 T9-L4 17 2 42 2 4 10 7 9 60 80 95 91 30 10

32 16 F 5CN 33 T12-L4 T7-T12 T10-L4 20 10 45 7 12 22 8 6 56 55 84 73 64 73

33 13 F 5C- 26 T12-L4 T8-T12 T11-L4 3 5 40 5 9 13 8 11 93 62 86 78 39 15

34 18 F 5C- 24 T12-L4 T9-T12 T11-L5 7 3 40 8 2 10 5 2 83 70 80 95 50 80

Mean 15.4 32.5 12.1 9.8 45.9 9.8 10.3 25.4 10.9 12.3 74.5 61.5 78.7 77.7 55.4 51.8

SD 2.0 10.1 7.8 5.1 6.4 4.8 5.8 8.8 4.9 6.1 15.0 15.0 10.0 12.0 15.9 19.7

CR¼ correction rate, FR¼ flexibility rate, FU¼ the final follow-up, Im-Post¼ immediate postoperative, Pre¼ preoperative, SB¼ supine bending, SD¼ standard deviation, TL/L¼ thoracolumbar/lumbar.
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TABLE 2. Radiographic Assessment of Coronal Plane

Measurements Preoperative Immediate Postoperative Final Follow-Up P Value (Pre/Im-Post) P Value (Im-Post/FU) P Value (Pre/FU)

Major TL/L curve (8) 45.9� 6.4 9.8� 4.8 10.3� 5.8 <0.001
�

0.493 <0.001
�

Minor thoracic curve (8) 25.4� 8.8 10.9� 4.9 12.3� 6.1 <0.001
�

0.056 <0.001
�

CB, mm 20.7� 8.8 9.4� 3.5 10.5� 6.4 <0.001
�

0.093 <0.001
�

TS, mm 16.2� 7.5 9.7� 4.1 8.7� 6.6 <0.001
�

0.207 <0.001
�

RSH, mm 11.5� 5.8 8.0� 4.8 8.4� 5.9 0.005
�

0.306 0.028
�

T-AVT, mm 13.3� 5.2 8.8� 2.7 9.4� 4.5 <0.001
�

0.265 <0.001
�

L-AVT, mm 27.4� 11.2 10.7� 8.4 11.7� 8.1 <0.001
�

0.111 <0.001
�

LIV tilt (8) 23.5� 4.8 5.9� 2.3 6.3� 2.9 <0.001
�

0.247 <0.001
�

VT
ansla
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difference was found between the immediate and final follow-
up postoperative Cobb angles of the major and minor curve
(P¼ 0.49; P¼ 0.056) (Table 2; Figure 1).

The flexibilities of the major and minor curves were
74.5%� 15.0% and 61.5%� 15.0%, respectively, a statistically
significant difference (P¼ 0.001).

Significant differences were found between the preopera-
tive and the immediate postoperative CB, TS, RSH, T-AVT, L-
AVT, and Cobb angles of the LIV tilt (P< 0.001, P< 0.001,
P< 0.005, P< 0.001, and P< 0.001, respectively). However,
there were no significant differences between the immediate
and final follow-up postoperative CB, TS, RSH, T-AVT, L-
AVT, and Cobb angle of the LIV tilt (see Table 2).

Sagittal Plane Parameters
Significant differences were observed among the preo-

CB¼ coronal balance, FU¼ final follow-up, Im-Post¼ immediate postoperative, L-A
preoperative, RSH¼ radiographic shoulder height, T-AVT¼ thoracic apical vertebral tr

*Significant.
perative, immediate postoperative, and final follow-up post-
operative TK (P< 0.05). Significant differences were also
found between the preoperative and the final postoperative

FIGURE 1. (A) Preoperative standing coronal radiograph of a 14-year-
thoracolumbar/lumbar (TL/L) curve of 428 from T10 to L3 and a 128 co
coronal radiograph obtained after selective posterior instrumentation a
curve and a 58 uninstrumented compensatory curve with satisfactor
radiograph showing a 68 main TL/L curve and a 78 uninstrumented c
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LL (P< 0.05) and between the preoperative, immediate post-
operative, and final follow-up PJA (P< 0.05). There were no
significant differences among the preoperative, immediate post-
operative, and final follow-up measurements of the SVA dis-
tance (P> 0.05) (Table 3; Figure 2).

Significant correlations were found between the preopera-
tive thoracic and thoracolumbar Cobb angles (R¼ 0.592;
P< 0.001; see Table 4), the immediate postoperative thoracic
and thoracolumbar Cobb angles (R¼ 0.538; P¼ 0.001), and the
flexibility rate of the thoracic curve and the immediate post-
operative correction rate of the thoracic curve (R¼ 0.415;
P¼ 0.015, see Table 3). The preoperative and immediate post-
operative measurements revealed a significant correlation
between a decrease in the thoracic curve and a decrease in
the thoracolumbar curve (R¼ 0.366; P¼ 0.033). In the immedi-
ate and final follow-up postoperative measurements, a signifi-

¼ lumbar apical vertebral translation, LIV¼ lowest instrumented vertebra, Pre¼ preo-
tion, TS¼ trunk shift.
cant correlation was found in the change of the Cobb angles in
the thoracic and thoracolumbar curves (R¼ 0.491; P¼ 0.003).
Significant correlations were found between the preoperative

old female patient with adolescent idiopathic scoliosis and a main
mpensatory thoracic curve. (B) Immediate postoperative standing
nd fusion with pedicle screws from T9-L4, showing a 58 main TL/L
y coronal and shoulder balance. (C) Two-year follow-up coronal
ompensatory curve.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Radiographic Assessment of Sagittal Plane

Measurement Preoperative Immediate Postoperative Final Follow-Up P Value Pre/Im-Post P Value Im-Post/FU P Value Pre/FU

TK (8) 16.7� 9.8 20.9� 7.9 27.0� 11.0 0.018 0.001 <0.001

LL (8) �50.4� 9.8 �53.7� 9.9 �58.1� 12.8 0.115 0.067 0.002

PJA (8) 3.0� 6.5 5.3� 5.1 10.3� 7.8 0.019 <0.001 <0.001

SVA, mm �10.9� 33.2 �17.8� 32.3 �8.1� 26.0 0.315 0.107 0.665

¼ pr
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TK and LL (R¼ 0.376; P¼ 0.028), the immediate postoperative
TK and LL (R¼ 0.409; P¼ 0.016), and the final follow-up
postoperative TK and LL (R¼ 0.490; P¼ 0.003). The preo-
perative and immediate postoperative measurements revealed a
significant correlation between the sagittal changes of TK and
LL (R¼ 0.474; P¼ 0.005). In the immediate and final follow-
up postoperative measurements, a significant correlation was
found between the sagittal changes of TK and LL (R¼ 0.474;
P¼ 0.005). However, no significant differences were found
between preoperative TK and the thoracic curve corrections
(R¼ 0.09; P¼ 0.961). A significant correlation was found
between the final follow-up postoperative PJA and TK
(R¼ 0.732; P< 0.001) and between the final follow-up post-
operative PJK and LL (R¼ 0.530; P¼ 0.001). The preoperative
and the final follow-up postoperative measurements revealed
significant correlations between the PJA and TK changes
(R¼ 0.653; P< 0.001) and between the PJA and LL changes
(R¼ 0.550; P¼ 0.001). No significant difference was found
between PJK and UIV (R¼ 0.111; P< 0.532).

DISCUSSION
Two approaches (anterior and posterior) can be used for

the treatment of TL/L AIS patients. Anterior approach instru-

FU¼final follow-up, Im-Post¼ immediate postoperative, LL¼ lumbar lordosis, PJA
kyphosis.
mentation and fusion has been widely accepted as a reliable and
effective treatment for TL/L AIS patients.2,13,14,19–21 However,
some studies have found that the anterior method often results in

FIGURE 2. (A) Preoperative standing lateral radiograph. (B) Immed
instrumentation and fusion with pedicle screws from T9-L4. (C) Two
alignment.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
problems with kyphosis, pseudarthrosis, and loss of correc-
tion.1,4 Many studies have reported the spontaneous correction
of an uninstrumented thoracic curve after anterior thoracolum-
bar correction and fusion.2,9,13,14 Huitema et al13 showed that
the spontaneous thoracic curve correction is a reflection of the
TL/L curve correction in Lenke 5C AIS patients; moreover, this
group observed a significant correlation in the correction rates
of the thoracolumbar and thoracic curves. In recent years,
posterior correction and fusion have become popular treatments
for TL/L AIS patients.7,8,15,16,22,23 In the literature, several
studies report spontaneous thoracic curve correction after
posterior thoracolumbar correction.7,8,16,22 However, no study
has reported how the minor curves are expected to correct
spontaneously after posterior thoracolumbar correction. We
focused on the thoracic curve correction in the coronal and
sagittal planes in Lenke 5C AIS patients receiving posterior TL/
L fusion.

Spontaneous correction of the unfused thoracic curve has
been demonstrated by many studies.2,19,20,23,24 Sun et al15

reported that the preoperative Cobb angle of the major TL/L
curve was 44.18, whereas the correction of the minor thoracic
curve was 25.28. At the final follow-up, the major TL/L and
minor thoracic curves were corrected to 9.18 and 13.48, respect-

oximal junctional angle, Pre¼ preoperative, SVA¼ sagittal vertical axis, TK¼ thoracic
ively. Previously, we have calculated a 79.4% correction rate of
major TL/L curves and a 46.8% spontaneous correction rate of
thoracic curves.15 In the present study, the correction rate of the

iate postoperative standing lateral radiograph showing posterior
-year follow-up lateral radiograph showing a satisfactory sagittal

www.md-journal.com | 5



TABLE 4. Statistics Result of the Linear Regression Analysis

Variables and Measurements Correlation (R) P Value

Pre-Cobb Th Pre-Cobb ThL 0.592 <0.001
�

Im-Post Cobb Th Im-Post Cobb ThL 0.538 0.001
�

FU Cobb Th FU Cobb ThL 0.257 0.142

FR Th Im-Post CR Th 0.415 0.015
�

FR Th FU CR Th 0.092 0.605

Im-Post CR Th Im-Post CR ThL 0.138 0.435

FU CR Th FU CR ThL 0.010 0.957

(Im-Post)-Pre Cobb Th (Im-Post)-Pre Cobb ThL 0.366 0.033
�

FU-(Im-Post) Cobb Th FU-(Im-Post) Cobb hL 0.491 0.003
�

Pre-TK Pre-LL 0.376 0.028
�

Im-Post TK Im-Post LL 0.409 0.016
�

FU TK FU LL 0.490 0.003
�

(Im-Post)-Pre TK (Im-Post)-Pre LL 0.474 0.005
�

FU-(Im-Post) TK FU-(Im-Post) LL 0.613 <0.001
�

FU PJA FU TK 0.732 <0.001
�

FU-Pre PJA FU-Pre TK 0.653 <0.001
�

FU-Pre PJA FU-Pre LL 0.550 0.001
�

PJK UIV 0.111 0.532

Pre-TK TCC 0.09 0.961

Cobb¼Cobb angle, FR¼flexibility rate, FU¼final follow-up, Im-Post¼ immediate postoperative, LL¼ lumbar lordosis, PJK¼ proximal junctional kyphosis, Pre-TK¼ preo-
e, T
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major TL/L curve was 77.7% and the spontaneous correction
rate of the thoracic curve was 51.8% at the final follow-up.
Although Ilgenfritz et al22 reported a 66% correction rate of the
major TL/L and a 30% mean correction of uninstrumented
compensatory thoracic curves at the 5-year follow-up, we failed
to find a similar result. A noteworthy limitation of that study
was that the included participants underwent different surgical
techniques performed by distinct surgeons. Although both of
these studies selected Lenke 5C AIS patients as subjects, the
spontaneous thoracic curve correction rates were different. This
discrepancy can be explained by the following 2 reasons: first,
our study found that the flexibility of the thoracic curve was
correlated with the immediate postoperative correction rate of
the thoracic curve, that is, higher flexibility was associated with

preoperative TK, Pre¼ preoperative, TCC¼ thoracic curve correction, Th¼ thoracic curv
*Significant.
spontaneous correction; and second, the spontaneous thoracic
curve correction can be affected by the TL/L curve correction.
Although the correction rate of the thoracic curve was related to

FIGURE 3. (A) Preoperative supine right-bending radiograph and (B) su
and a 178 main TL/L curve.

6 | www.md-journal.com
the correction rate of the TL/L curve after anterior correction
and fusion, we found no significant correlation between the
postoperative correction rates of the thoracic curve and the TL/L
curve after posterior TL/L correction and fusion. However, we
found a significant correlation between the decrease in the
thoracic curve and the decrease in the thoracolumbar curve at
the immediate postoperative measurements and a significant
correlation between the changes in the Cobb angles in the
thoracic and thoracolumbar curves at the final follow-up.
These findings suggest that if the correction of the major curve
was complete, the spontaneous correction and improvement of
the minor curve may also be complete. Shufflebarger et al7

reported the treatment of 62 patients with TL/L AIS through a
wide posterior release and posterior pedicle screw to correct the

hL¼ thoracolumbar curve, TK¼ thoracic kyphosis, UIV¼ upper instrumented vertebra.
TL/L curve, observing a correction rate of 80% and a 68%
spontaneous correction rate of the thoracic curve with good
coronal and sagittal alignments.

pine left-bending radiograph showing a 9.88 compensatory curve
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curves. Finally, the correction of LL is important for maintain-
In our study, the coronal plane parameters significantly
improved after the operations and remained stable at the final
follow-up. The present results demonstrate that selective
posterior fusion of the TL/L curves can promote the balance
of the coronal plane. The preoperative evaluation of curve
flexibility in AIS patients is essential for surgical planning
and the estimation of clinical and radiographic outcomes. Li
et al16 suggested that Lenke 5C AIS patients with a preoperative
thoracic curve >308 and a preoperative thoracic curve on
bending >200 might be suitable candidates for selective
posterior TL/L curve fusion. In the present series of patients,
the preoperative thoracic curve bent <208. Therefore, the
thoracic curve did not need to be fused. We also found a lack
of significant difference between the supine side-bending Cobb
angle (9.88) and the immediate postoperative Cobb angle
(10.98) (Figure 3). Therefore, spontaneous minor curve correc-
tion may be predicted by supine side bending.

With regard to the sagittal balance of the patients, signifi-
cant differences were found in the preoperative and immediate
postoperative, immediate and final follow-up postoperative,
and preoperative and final follow-up TK measurements. No
significant differences were observed between the preoperative
and immediate postoperative or the immediate and final follow-
up postoperative LL measurements. However, a significant
difference was observed between the preoperative and final
postoperative sagittal Cobb angles of LL. The present study
demonstrated that the stability of TK was not maintained. Sun
et al15 also reported that TK and LL were both increased at the
immediate postoperative period compared with the preoperative
period. Moreover, they observed that TK continuously
increased during the follow-up period, whereas LL remained
stable overall. Our results were similar to those of Sun et al.15

Bennett et al8 reported that TK remained stable from the first
visit to the 5-year follow-up visit, whereas LL remained stable
from the time of the preoperative radiographs to the 5-year
follow-up visit. However, their inclusion criteria were different
from ours. Our study found a significant correlation between the
preoperative, immediate postoperative, and final follow-up
postoperative TK and LL measurements. Significant corre-
lations were found between the preoperative and immediate
postoperative measurements of changes in TK and LL and
between the immediate and final follow-up postoperative
measurements of changes in TK and LL. These findings illus-
trate that the sagittal spontaneous correction of the thoracic area
is also associated with the change in LL. Therefore, we suggest
that the sagittal correction of LL is important for the stability of
the sagittal alignment after selective posterior fusion of the TL/
L curve in AIS. Excessive LL after surgery may result in an
increased TK.

PJK is a common complication after spinal deformity
corrective surgery and occurs more often following short seg-
ment instrumentation. Wang et al25 reported an overall PJK
incidence of 28% in AIS within 1.5 years after surgery, whereas
Kim et al26 reported a PJK incidence of 26% in AIS patients
with a minimum 5-year follow-up. PJK occurred in 7 of 34
patients (21%) in our study. According to Sun et al,15 an LIV
location above or equal to L3, a higher postoperative L1, and
deteriorative negative SVA with surgery are potential risk
factors for increased PJA. However, these authors found no
correlation between PJK and UIV, a result that was replicated in
our study. A significant correlation was found between the final
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follow-up postoperative measurements of PJA and TK. More-
over, significant correlations were found between the changes in
PJA and TK and between the changes in PJA and LL at the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
preoperative and final follow-up measurements. Therefore, we
can infer that the incidence of PJK may be directly affected by
TK and LL.

There are some potential limitations in this study. First, this
was a retrospective study, which would endanger the strength of
the conclusions. Second, the included patient number was
relatively small. Multicenter large sample studies are required
to further confirm our findings. However, the major strength of
this study is the detailed description of the relationship between
the lumbar curve corrections and the spontaneous thoracic curve
corrections in both the coronal and sagittal planes. Moreover,
the included participants were homogeneous and underwent
surgical procedures with the same pedicle screw instrumenta-
tion performed by the same surgeon. In conclusion, the selective
posterior fusion of the major TL/L curve is an effective method
of treating Lenke 5C curves, resulting in satisfactory coronal
and acceptable sagittal plane correction. The spontaneous cor-
rection of the thoracic curve is a reflection of the TL/L curve
correction in Lenke 5C AIS patients. The use of supine side-
bending radiographs is an effective method of predicting the
spontaneous correction of uninstrumented compensatory

Spontaneous Thoracic Curve Correction in AIS Patients
ing the sagittal alignment after selective posterior fusion in
Lenke 5C AIS patients.
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