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Abstract

Purpose Kyphosis of the cervical spine has been reported
in patients with adolescent idiopathic scoliosis (AIS).
However, few reports have compared sagittal spine align-
ment of AIS patients with that of the normal population.
The purposes of this study were (1) to analyze the char-
acteristics of sagittal alignment, including the cervical
spine, in AIS patients with a single thoracic curve (Lenke
type 1) compared with the age-matched normal population
and (2) to quantify the changes in sagittal alignment of the
cervical spine and thoracic kyphosis following posterior
spinal fusion.

Methods In study 1, pre- and postoperative X-ray were
measured for the following sagittal plane parameters:
lumbar lordosis angle (L1-S1; LL), thoracic kyphosis
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angle (Th5-12; TK), sacral slope (SS), C7 plumb line
(C7PL), cervical lordosis angle (C2—C7 angle; CL), and T1
slope. These measurements were then evaluated with CL
and other parameters using spearman rank correlation
coefficient between two groups. Comparison was made
with the sagittal plane parameters from preoperative 42
AIS (AIS group) with main thoracic curve and 24 normal
populations (Control group). In study 2, 38 operative AIS
patients had at least 1-year follow-up. These patients (38
AIS patients after the correction surgery) were enrolled.
We collected for each patient on pre- and postoperative
sagittal plane parameters of X-ray.

Results In study 1, LL and C7PL did not differ signifi-
cantly between the groups. Although CL was observed in
10 of the 24 patients (41.7 %) in the Control group, the CL
was smaller in the AIS group, with 6 of 42 patients
(14.3 %). The CL correlated significantly with T1 slope
(r =0.634), C7PL (r = 0.684), and TK (r = 0.311) in the
AIS group, and with T1 slope (r = 0.681) and C7PL
(r = 0.451) in the Control group. No correlations were
observed with respect to the TK. In study 2, the mean CL
improved significantly from 7.2° kyphosis preoperatively
to 0.1° kyphosis postoperatively. Interestingly, Spearman
correlation analysis showed that the postoperative CL
correlated significantly with postoperative TK (r = 0.607),
postoperative T1 slope (r = 0.701), and postoperative
C7PL (r = 0.373).

Conclusions There were no effects of scoliosis on sagittal
spine parameters such as LL and C7PL in AIS patients with
a main thoracic curve. Cervical spine alignment was
affected by the thoracic deformity in the sagittal plane, as
shown by the reduction in the CL after the operation. These
findings suggest that TK may be a cause of cervical
kyphosis in AIS patients.
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Introduction

Adolescent scoliosis, also termed adolescent idiopathic
scoliosis (AIS), occurs in around 2-3 % of the general
population [1]. AIS is a three-dimensional deformity of the
spine [2]. Deformity of spine has been recently charac-
terized in the coronal and sagittal planes in AIS patients.
Many radiographic parameters have been described to
assess the sagittal alignment and the importance of con-
sidering the sagittal spinal and pelvic alignments for the
treatment of spinal pathologies [3]. However, the sagittal
spine alignment of AIS is poorly described in the literature
compared with adult spinal deformities. In patients with
thoracic scoliosis, coronal deformity is often associated
with sagittal alignment. Flattening or kyphosis of the
cervical and thoracic spines has been reported in AIS
patients [4, 5]. Generally, a decrease in cervical lordosis
and thoracic kyphosis is commonly associated with AIS
[6]. Some studies have reported that a hypokyphotic tho-
racic spine coexists with kyphosis in the cervical spine in
AIS patients. Using sagittal plane X-rays, Hilibrand et al.
were the first to confirm a relationship between the tho-
racic and cervical spines in AIS patients. They reported a
straight (lordosis <5°) or kyphotic cervical alignment in
34 of 39 patients (89 %) and concluded that patients with
idiopathic scoliosis develop lordosis within the thoracic
spine and compensatory kyphosis within the cervical spine
[7]. Canavese et al. also found that 34.4 % of patients with
AIS had an average of 11° cervical kyphosis with thoracic
kyphosis and that the reduction of cervical lordosis was
proportional to the reduction of thoracic kyphosis [8].
Based on this background, Hu et al. used morphological
classification to analyze the relationship between the cer-
vical spine and global spinal-pelvic alignment in AIS
patients and reported that cervical kyphosis was a part of
the cervicothoracic sagittal deformity in AIS patient and
was correlated with global sagittal alignment [9]. Clement
et al. analyzed the relationship between lumbar lordosis
and thoracic kyphosis [10] and found that decreased tho-
racic kyphosis is associated with decreased lumbar lor-
dosis in AIS patients.

The studies described above evaluated sagittal align-
ment in the same AIS patients, and no full comparison of
the sagittal alignment of AIS patients with that of the
normal populations has been reported. To our knowledge,
Upasani et al. have reported the only study comparing the
sagittal profiles of patients with AIS with age-matched
controls [11]. In this study, we retrospectively examined

the characteristics of sagittal alignment, including the
cervical spine, in AIS patients with a main thoracic curve.
The first purpose of this study was to compare the sagittal
alignment in AIS patients with a main thoracic curve with
that of a normal age-matched control population (study 1).
A better understanding of the sagittal changes of the spinal
column and their effects on other parts of the body and the
operative outcomes is still needed. Despite the report on
surgical correction of the thoracic and lumbar spines in AIS
patients inducing significant changes in the sagittal spino-
pelvic profile, the effect on the detail of sagittal parameters,
including the cervical spine, has not been reported. Thus,
the second purpose of this study was to quantify the
changes in the sagittal alignment of the cervical spine,
thoracic kyphosis, and other parameters following posterior
spinal fusion using multisegmented hook and screw
instrumentation in AIS patients (study 2).

Materials and methods
Ethics statement

The Committee on Ethics and the Institutional Review
Board of Tokai University School of Medicine approved
the study protocol (Approval number: 15R-164). This
investigation was designed as a single-center retrospective
comparative study of AIS patients.

Participants

Between March 2010 and March 2015, 58 patients (52
females) with thoracic AIS (Lenke type 1-4) who had
undergone posterior fusion with hybrid constructs were
reviewed at our institute retrospectively. The inclusion
criteria were an admission diagnosis of AIS with no other
pathological conditions, age between 12 and 21 years, and
no previous spine surgery. The Cobb angles of any struc-
tural curves were measured, and the proximal thoracic
curve, main thoracic curve, and thoracolumbar/lumbar
curve were measured as described by Lenke et al. [12]. We
focused on AIS patients with the main thoracic curve type.
Based on the Lenke classification, 42 had a type 1 curve, 7
had a type 2 curve, 8 had a type 3 curve, and 1 had a type 4
curve. The first purpose of this study was to analyze the
characteristics of sagittal alignment, including the cervical
spine, in AIS patients with a single thoracic curve (Lenke
type 1) (called AIS group in this paper) compared with the
age-matched normal population. Thus, a total of 42 patients
were enrolled in study 1. The mean patient age at surgery
was 15.1 years (range 12-21 years). The primary Cobb
angle in the AIS group was 49.8° £ 11.9°.
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All patients were evaluated preoperatively and at the last
follow-up. Postoperative values were measured on radio-
graphs obtained at the last follow-up visit; therefore, the
clinical follow-up was equivalent to the radiographic fol-
low-up in this series. A minimum of 1-year follow-up was
required, and 38 AIS patients attended at least the 1-year
follow-up (mean follow-up, 31 £ 15 months). These 38
AIS patients after the correction surgery were enrolled in
study 2.

Control patients

For comparison, 24 patients (20 females) with a coronal
Cobb angle of <10° were also included in study 1 as the
control group (control group). The mean patient age was
14.7 years (range 12-18 years). These people were mat-
ched for age and sex with the patients in the AIS group.

Radiologic analysis

All 66 patients (AIS group and control group, 58 females
and 8 males) had a full-spine radiological assessment.
X-ray evaluation involved examination of standing erect
whole-spine posteroanterior and lateral full-spine radio-
graphs. Coronal flexibility of the curves or the primary and
compensatory curves was assessed based on bending
radiographs and traction radiographs. Flexibility radio-
graphs have been recommended to help determine the
surgical technique and the levels to be selected in the
correction of scoliosis. Flexibility of both the thoracic and
lumbar curves was determined from Cobb measurements
on the preoperative standing and supine bending radio-
graphs. Frontal assessment included measurement of the
coronal Cobb angle of the main coronal curvature. For the
lateral films, the patients stood with their knees locked, the
feet shoulder-width apart, looking straight ahead, and with
their elbows bent and knuckles in the supraclavicular fossa
bilaterally [13].

All morphologic data were archived using picture
archiving and communication systems (PACS). The films
were retrieved and measured using the PACS on 17-inch
diagonal screens with a resolution of 75 dpi. The main
curve was determined as the most rigid curve with the
greatest rotation of the apical vertebra and curve angle. We
used Lenke’s classification system to determine the types
of deformities [12].

The X-rays were assessed for the following sagittal
plane parameters (Fig. 1): lumbar lordosis angle (L1-S1,
LL), the angle between the superior endplate of L1 and the
superior endplate of S1; thoracic kyphosis angle (T5-T12,
TK), the subtending angle between the superior endplate of
T5 and the inferior endplate of T12; sacral slope (SS), the
angle subtended by the superior endplate of S1 and the
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Fig. 1 Coronal and sagittal spine parameters. Main thoracic angle
(MT); lumbar lordosis angle (L1-S1, LL); thoracic kyphosis angle
(T5-T12, TK); sacral slope (SS); C7 plumb line (C7PL); cervical
lordosis angle (C2—C7; CL); T1 slope

horizontal; C7 plumb line (C7PL), the horizontal distance
between the posterosuperior angle of S1 and a vertical line
through the middle of the C7 inferior endplate; cervical
lordosis angle (C2—C7 angle, CL), the angle between the
lower endplate of C2 and the inferior endplate of C7; T1
slope, the angle between the horizontal and the superior
endplate of T1 in the standing lateral radiograph. These
measurements with the CL or TK and other parameters
were then compared between the two groups using the
Spearman rank correlation coefficient. The cervical align-
ment was further classified into four types—Xkyphosis,
straight, sigmoid, and lordosis—as described by Yu et al.
[14].

Operative procedure

All patients in the AIS group underwent posterior spinal
fusion and instrumentation using hybrid constructs. Fusion
levels of 38 AIS patients were selected following the same
criteria during the entire study period. The upper instru-
mented vertebra was in T3-T5 (T3, n = 14, T4, n = 19;
T5, n = 5) and the lowest instrumented vertebra (LIV)
varied according to the location of the stable and neutral
vertebra in L1-L3 (L1, n = 4; L2, n = 19; L3, n = 15).
Intraoperative spinal cord monitoring was performed rou-
tinely. After exposure of the posterior elements of the
spine, removal of the inferior facet joints to be fused (in all
cases) and Ponte osteotomy at the apical and juxta-apical
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segments with a rigid structural curve were performed.
Pedicle screws were inserted bilaterally using a navigation
system. In particular, a two-dimensional optical localizer
(StealthStation Tria Plus Surgical Navigation; Medtronic,
Minneapolis, MN, USA) and the Mach 4.0™ graphical
user interface (Medtronic), which provides target-centric
accuracy and color 3D guidance, were used with additional
attachment of some lamina and transverse process hooks.
All procedures were performed by the same surgical team.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 20.0; IBM Corp., Armonk, NY, USA). All values
are expressed as mean =+ standard deviation. Analyses of
variance with a post hoc test (Mann—Whitney U test) and
Student’s ¢ test were used for comparisons. Normally dis-
tributed variables were compared using Student’s ¢ test, and
non-normally distributed variables were compared using
the Mann—Whitney U test. For the variables sex and age,
the numbers and percentages were compared between
groups using Student’s ¢ test. The relationships between the
CL, TK, and other parameters were analyzed using
Spearman’s product-moment correlation coefficients. For
all statistical analyses, type 1 error was set at 5 % and
p < 0.05 was considered significant.

Results

First study: comparative study of the sagittal
alignment in the control and the AIS patients
with main thoracic curve

A total of 66 patients (42 AIS patients and 24 normal con-
trols) were enrolled in study 1. The measurements obtained
from the radiological assessments are reported in Table 1A.
Preoperatively, the average and standard deviations for
sagittal parameters in the AIS group were —8.9 + 16.1 for
CL, 11.4 £ 9.4 for T1 slope, 13.4 £ 9.4 for TK, 46.9 £ 9.6
for LL, 37.8 & 7.3 for SS, and —7.4 + 28.0 for C7PL. The
values in the Control group were 2.5 £ 15.0 for CL,
17.8 & 7.9 for T1 slope, 21.3 + 7.6 for TK, 40.9 £ 11.8 for
LL, 28.5 &+ 8.3 for SS, and 2.8 + 36.9 for C7PL. The dif-
ferences in LL and C7PL between the two groups were not
significant (p = 0.066 and p = 0.252, respectively). The
differences in CL, T1 slope, TK, and SS between groups
were significant (p < 0.05).

The distribution of the four subtypes groups according
to the Yu classification [14] revealed that the incidence of
cervical kyphosis was 59.5 % (25/42) in the AIS group and
41.7 % (10/24) in the Control group. Interestingly, signif-
icant differences in the incidence of CL were found

Table 1 (A) Detailed sagittal plane parameters of the subjects in the
two groups (AIS group and control group). (B) Cervical spine
alignment in the AIS patients and normal subjects defined according
to the classification of Yu et al

AIS (n = 42) Control (n = 24) p value
(A)
CL (C2-7) —8.9 £+ 16.1 2.5+ 150 w0k
T1 slope 114 +£94 178 £ 79 wk
TK (T5-12) 134 £ 94 213+ 7.6 Hokek
LL 469 £+ 9.6 409 £+ 11.8 n.s.
SS 378 £7.3 28.5 £ 8.3 ok
C7PL —7.4 £ 28.0 2.8 +36.9 n.s.
Yu classification AIS (n = 42) Control (n = 24)  p value
Patients no. (%) Patients no. (%)
B)
Kyphosis 25 59.5 10 41.7 ns.
Straight 5 119 3 12.5 ns.
Sigmoid 6 143 1 4.2 ns.
Lordosis 6 143 10 41.7 *

CL cervical lordosis angle (C2-C7 angle), TK thoracic kyphosis angle
(T5-12), LL lumbar lordosis angle (L1-S1), SS sacral slope, C7PL C7
plumb line, n.s., not significant

** <0.01, *** <0.001 indicate significant differences between groups

between the curve types of the two groups (14.3 vs.
41.7 %) Table 1B).

We next investigated the correlations between the CL
and other parameters in both groups. The results of the
Spearman correlation analysis of CL are summarized in
Table 2A. Significant correlations were found between the
CL and the T1 slope (r = 0.634), C7PL (r = 0.684), and
TK (r = 0.311) in the AIS group, and between the CL and
the T1 slope (r = 0.681) and C7PL (r = 0.451) in the
Control group. No correlation was observed between the
CL and TK in the Control group. TK correlated with the
CL (r = 0.311) and T1 slope (r = 0.646) in the AIS group.
However, TK did not correlate significantly with any
parameters in the Control group (Table 2B). This result
suggested that the TK was related to the CL in the AIS
patients and that the TK seemed to be causally related to
cervical kyphosis in these patients.

Second study: quantification of the changes
in sagittal alignment following posterior spinal
fusion in AIS patients

The characteristics of the 38 patients are presented in

Table 3A. The mean number of fused motion segments
was 10.6 £ 1.0 (range 8-12). The incidence of cervical
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Table 2 (A) Spearman correlation’s mean (Spearman’s r) between
cervical lordosis and other parameters in the AIS and control groups.
(B) Spearman correlation’s mean (Spearman’s r) between thoracic
kyphosis and other parameters in the AIS and Control groups

AlIS (n = 42) Control (n = 24)
r p value r p value
(A)
CL
T1 slope 0.634  *¥* T1 slope  0.681 *E
TK 0.311 * TK 0294  0.163
LL 0.072  0.650 LL 0.007 0974
C7PL 0.684  #w* C7PL 0451  *
SS 0.195  0.215 SS 0.173  0.420
()
TK
CL 0.311 * CL 0294  0.163
T1 slope 0.646  *** T1 slope  0.408  0.053
LL 0.081 0.611 LL 0.251  0.236
C7PL 0.285  0.067 C7PL 0222 0.236
SS —0.264  0.091 SS 0.017  0.936

CL cervical lordosis angle (C2-C7 angle), TK thoracic kyphosis angle
(Th5-12), LL lumbar lordosis angle (L1-S1), SS sacral slope, C7PL
C7 plumb line

*p <0.05, ** <0.01, *** <0.001 indicate significant differences
between groups

kyphosis was 52.6 %. The average operative time was
291 £ 62 min. Intraoperative complications were not
reported. In particular, no significant change in the moni-
tored somatosensory/motor-evoked potentials was recorded
during correction surgery. Early infections (within 45 days
after the operation) were found in 4 of the 38 patients
(10.3 %) after a mean infection-free interval of 29.3 days
(£6.2); no late surgical site infections occurred after the
surgery.

Table 3B summarizes the mean pre- and postoperative
radiological values for the 38 AIS patients. Cervical lor-
dosis was considered as positive and cervical kyphosis as
negative. Thoracic kyphosis was considered as positive
and thoracic lordosis as negative. The mean preoperative
coronal Cobb angle was 49.0° in the MT group, and the
last follow-up postoperative coronal Cobb angle was
significantly reduced to 15.8° (p < 0.001), which corre-
sponded to an average correction of 67.2 = 12.6 %. The
mean CL improved significantly from 7.2° kyphosis pre-
operatively to 0.1° kyphosis postoperatively (p < 0.05)
(Fig. 2).

The mean TK increased significantly from 13.7° pre-
operatively to 19.3° postoperatively (p < 0.001). However,
the LL (46.5° to 45.0°, p = 0.404) and C7PL (—5.0 mm to
—5.3 mm, p = 0.967) did not change between the pre- and
postoperative evaluations. Interestingly, the Spearman

@ Springer

Table 3 (A) Demographic data and clinical characteristics of 38 AIS
patients following posterior spinal fusion surgery. (B) Summary of
mean radiographic measures in the AIS patients

(A)

Patients no. 38

Gender
M:F 4:34

Age 152 + 2.1

Follow-up duration (month) 31.1 £ 153

Yu et al.
Kyphosis 20 52.6 (%)
Straight 5 13.2 (%)
Sigmoid 15.8 (%)
Lordosis 7 18.4 (%)

AIS (n = 38) Pre-op Post-ope

(B)
MT (°) 49.0 £ 11.2 15.8 + 6.3%**
CL (°) -72+£179 —0.1 £ 20.6%*
T1 slope (°) 12.6 + 10.7 16.3 + 11.8*
TK (°) 13.7 £ 8.8 19.3 £ 8.3%%*
LL (°) 46.5 £ 9.3 45.0 £ 8.7n..s.
SS (°) 378 £ 74 34.3 + 8.8%*
C7PL (mm) —5.0 £ 30.6 —5.3 £ 34.8n.s.

CL cervical lordosis angle (C2-C7 angle), TK thoracic kyphosis angle
(Th5-12), LL lumbar lordosis angle (L1-S1), SS sacral slope, C7PL
C7 plumb line, n.s. not significant

* p <0.05, ** <0.01, *** <0.001 indicate significant differences
between groups

correlation analysis showed that the postoperative CL
correlated significantly with the postoperative TK
(r = 0.607), postoperative T1 slope (r = 0.761), and
postoperative C7PL (r = 0.373) (Table 4).

Discussion

Several studies have already explored the spinopelvic
sagittal alignment in patients with AIS. The findings of the
current study confirmed the results of previous studies
[7, 15]. Recently, Pesenti et al. analyzed 29 AIS patients
with <20° preoperative hypothoracic kyphosis in a retro-
spective study. They reported T1 slope was increased after
correction surgery and is a good indicator of postoperative
changes for regional (cervical lordosis and thoracic
kyphosis) and global sagittal parameters [16]. However,
few studies have evaluated the sagittal alignment of the
spine and pelvis in these patients according to their coronal
curve type [6, 17]. Thus, we focused on the sagittal
alignment in AIS patients affected by idiopathic thoracic
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Fig. 2 Preoperative and latest postoperative follow-up lateral radiographs of a 16-year-old girl with thoracic AIS showing the progressive

improvement in cervical sagittal alignment

Table 4 Spearman

correlation’s mean (Spearman’s AIS (n = 38)

r) between postoperative r p value
cervical lordosis and other
postoperative parameters Post-ope CL
T1 slope 0.761  ***
TK 0.607  ***
LL 0.193  0.246
C7PL 0373  *
SS 0.167  0.316

CL cervical lordosis angle (C2—
C7 angle), TK thoracic kyphosis
angle (T5-12), LL lumbar lor-
dosis angle (L1-S1), SS sacral
slope, C7PL C7 plumb line

*p <0.05, ***<0.001 indi-
cates significant differences
between groups

scoliosis (Lenke type 1) before and after a posterior
surgery.

The TK in this study was smaller than that of the normal
population. We evaluated the relationships between various
sagittal parameters and found that reduction of the CL was
proportional to the reduction of TK in AIS patients. We
also found that thoracic hypokyphosis and cervical
kyphosis, which are observed in AIS, improved after the
correction surgery.

Abnormal spinopelvic balance and pelvic morphology
with flattened sagittal contours are common in AIS patients

[4]. Most studies of the LL and TK have failed to include
the cervical column in their analysis, but some authors
have reported an associated loss of the CL [7, 18]. The
changes in cervical alignment are compensatory mecha-
nisms that occur in response to the abnormal thoracic
alignment to allow maintenance of vision parallel to the
horizontal [6]. These preoperative observations are con-
sistent with radiographic measurements obtained by Hili-
brand et al. [7]. The TK appears to be smaller in patients
with thoracic AIS compared with age-matched controls
[11]. Upsani et al. have reported that the preoperative TK
of patients with AIS was smaller than that in nonscoliotic
controls (18.9 & 11.5 vs. 27.9 + 7.9). The reason may be
that the TK may be smaller when seen from a true lateral
view at the apex because of vertebral rotation and wedging
in patients with a main thoracic curve. We also studied TK
from T5-T12 in this study because this corresponds to the
region of the typical main thoracic curve and is most
reliably assessed on lateral radiographs. We found a
smaller TK compared with that in the normal control
population (13.4 £ 94 vs. 213 £ 7.6, respectively;
p < 0.001), whereas the LL did not differ significantly
between groups (46.9 £ 9.6 vs. 40.9 + 11.8, respectively).

Some of the goals of AIS surgery are to restore optimal
coronal and sagittal alignment, and to reduce the incidence
of adjacent segment degeneration and junctional
malalignment. The relationships between postoperative
thoracic, lumbar, and pelvic sagittal parameters have been

@ Springer



3232

Eur Spine J (2016) 25:3226-3233

characterized extensively, and most studies have reported
difficulty in correcting both scoliosis in the frontal plane
and thoracic hypokyphosis with hooks or all-pedicle screw
constructs.

In this study, hybrid constructs used in the treatment of
AIS patients had a powerful hypokyphotic effect on the
thoracic spine. A reduction in TK may predispose to cervical
spine decompensation into a kyphotic alignment. The sur-
gical treatment of AIS patients with a main thoracic curve
using all-pedicle screw constructs has a significant hypo-
kyphotic effect on the thoracic sagittal plane alignment. If
postoperative TK is decreased excessively, the cervical
spine may decompensate into significant kyphosis. In this
study, we found that the CL (C2—C7) and TK (T5-T12) were
significantly increased after the correction surgery. This
increase in thoracic alignment was associated with a sig-
nificant decrease in cervical kyphosis in the postoperative
period.

Hwang et al. evaluated the relationship between post-
operative thoracic kyphosis and sagittal cervical alignment
in patients with AIS treated with all-pedicle screw con-
structs [19]. They reported that the sagittal profile of the
thoracic spine is related to that of the cervical spine. Some
studies have also shown that the use of pedicle screw
constructs and the number of implanted screws correlate
significantly with hypokyphosis of the thoracic spine. Thus,
there are reports that decreased TK is associated with
decreased CL. However, other authors have reported that
corrective surgery can significantly modify the sagittal
alignment of the cervical spine, but this effect can vary
depending on the underlying configuration of the preop-
erative sagittal thoracic spine [6]. Certainly, our results
may not be observed consistently in all AIS patients
because sagittal alignment can differ between AIS patients
with different curve severity and because there are multiple
types of scoliosis, each caused by a variety of different
factors. The cause of AIS is unknown, and it is generally
considered to be multifactorial in origin and to have sep-
arate factors for curve initiation and progression [20, 21].
Therefore, it is unclear in this study why the same surgical
maneuvers used in AIS patients produced different cor-
rective effects in the sagittal alignment depending on
whether the thoracic spine was hypo- or normokyphotic,
but we hypothesize that the coupled motions produced by
these maneuvers may be responsible.

This study has several limitations. An important limi-
tation of the study was the use of standard whole-spine
posteroanterior and lateral full-spine radiographs, which
are suboptimal as a measure of rotational deformity. It is
possible that a three-dimensional assessment of lordosis
and kyphosis at the cervical and thoracic spine would have
altered our categorization of some curves. Second, this was
a retrospective study and lacked longer term follow-up
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with clinical correlates. No previous reports of the long-
term surgical outcomes (radiographic correction, pain, and
patient satisfaction) are available. In particular, the rela-
tionship between the cervical kyphosis and axial pain,
which is controversial in the literature, should be explored
further. Cochran et al. found that the incidence of neck pain
in patients 5-12 years after fusion using Harrington rods
was no greater than that in the normal population [4]. In
contrast, Moskowitz et al. reported a high incidence of
cervical complaints (57 %) at the long-term follow-up
(20-32 years) [22]. Third, this study included only radio-
logical data and no functional scores were used to evaluate
the patient outcomes. Previously, Youn et al. reported that
significant changes in cervical sagittal parameters occur
after surgical correction, and they found T1 slope and C2-7
SVA were significant predictors of quality of life (QOL) in
AIS patients [23]. However, the relationships established
between sagittal parameters and QOL in AIS are lacking.
Therefore, future prospective studies should investigate the
clinical correlates of neck pain, especially QOL, and their
association with sagittal alignment to confirm the effects of
cervical kyphosis on clinical outcomes. This information is
needed to determine the real benefits of correction surgery
to AIS patients. Fourth, we could not examine pelvic
parameters such as pelvic tilt and pelvic incidence because
of concerns about radiation of the gonads induced by
diagnostic X-rays in AIS patients and normal controls.
Thus, future research is needed to examine the relation-
ships between cervical spine alignment and pelvic param-
eters. Fifth, the 42 AIS patients chosen in this study were
classified as Lenke type 1. Other scoliotic deformity types
were not assessed, and reproducibility of cervical lordosis
might be lower on Lenke type 2—4, as the proximal curve
induces more rotated vertebral bodies. Finally, the small
sample size in our study may have marginalized the rela-
tionships between factors, which should be reevaluated in a
larger series.

Conclusions

In summary, we focused only on the radiographic findings
of the sagittal alignment, including the cervical spine, in
AIS patients with a main thoracic curve. The sagittal
alignment of the AIS patients with a main thoracic curve
was less lordotic and/or more kyphotic than in the normal
age-matched population. The coronal scoliotic deformity
affects the sagittal contours of the spine by flattening tho-
racic kyphosis, which has effects on cervical sagittal
alignment in AIS patients. The findings of this study sug-
gest that cervical spine alignment is likely a component of
the global sagittal alignment, which is strongly affected by
TK.
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