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Background: This retrospective study aimed to identify the factors associated with successful surgical correction of thorac-
ic kyphosis (TK) in 43 patients with adolescent idiopathic scoliosis (AIS) with Lenke type 1 curvature, in which
the major curve with the largest Cobb angle was mainly in the thoracic region.

Material/Methods: We collected data from patients with Lenke 1 AlS. The following parameters were measured: Cobb angle, side-
bending Cobb angle, cervical lordosis (CL), TK, lumbar lordosis (LL), pelvic incidence (PI), sacral slope (SS), pelvic
tilt (PT), the sagittal vertical axis (SVA), the center of a C7 plumb line to the center sacral vertical line (C7-CSVL),
correction rate, Ponte osteotomy, flexibility, and screw density. Univariate analysis and multivariate logistic re-
gression analyses were performed.

Results: Among the 43 cases analyzed, the mean postoperative Cobb angle at the last follow-up, C7-CSVL, SVA, CL, TK,
LL, PI, SS, and PT were respectively 21.33+9.47°, 10.41+8.45 mm, 19.68+14.33 mm), 16.19+7.45°, 23.12+7.45°,
50.33+11.37°, 49.70+9.83°,39.4248.11°, and 10.16+6.63°. Univariate analysis suggested that preoperative TK,
preoperative LL, and Ponte osteotomy were statistically significant (P<0.05), and multivariate analysis suggest-
ed that preoperative LL and Ponte osteotomy were statistically significant (P<0.05).

Conclusions: The results of this study demonstrated that preoperative TK, preoperative LL, and Ponte osteotomy were re-
lated factors for maintaining normal TK. Multivariate analysis suggested that preoperative LL and the use of
Ponte osteotomy with full-thickness segmental resection of the spinal posterior column resulted in the suc-
cessful surgical correction of TK in patients with AIS with Lenke type 1 curvature.
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Background

Adolescent idiopathic scoliosis (AlIS) involves multiple de-
formed planes generally, not only with coronal curvature and
a decrease or increase of sagittal kyphosis on X-ray film, but
also with an obvious axial rotation on computed tomography
(CT) [1]. AIS is usually divided into Lenke types: curve type (1
through 6), a lumbar spine modifier (A, B, or C), and a sagittal
thoracic modifier (-, N, or +), depending on the curvature and
its degree within the different segments [2,3]. Although routine
screening for scoliosis exposes adolescents to unnecessary ra-
diographs, the potential benefits of early detection of scoliosis
justify screening regimens [4]. According to the International
Scientific Society on Scoliosis Orthopaedic and Rehabilitation
Treatment guidelines, bracing, specific physiotherapeutic ex-
ercises to prevent scoliosis progression during growth, spe-
cific physiotherapeutic exercises during brace treatment and
surgical therapy, and other conservative treatments are often
performed [5]. Recently, more attention is being paid to the
restoration and maintenance of the normal sagittal plane and
coronal alignments of the main thoracic curvature [6,7]. The
treatment of AIS with pedicle screw internal fixation can achieve
a curative effect in a clinical application [8]. Previous studies
have focused on obtaining the maximum coronal and surgi-
cal correction for AlS to improve cosmesis and function [3,9].
A study of 273 cases reviewed by Trobisch et al [10] indicated
that coronal balance was closely related to the degree of cor-
rection of lumbar vertebrae after operation, based on logistic
regression analysis. Surgical treatment of scoliosis should ac-
count for the effect of self-tension in the coronal plane, as well
as compensation arising from the imbalance of the body [11].

However, to the best of our knowledge, little research has used
multivariate logistic regression analysis of the sagittal plane
parameters in Lenke type 1 AlS. Sagittal balance is equally im-
portant compared with coronal balance in terms of the over-
all evaluation of AIS. Currently, more attention is being paid
to achieving a proper sagittal balance because it is critical to
the successful surgical management of AIS [12,13]. Two sur-
gical methods for maintaining sagittal balance are used in the
treatment of AlS, including anterior and posterior approach-
es [14,15]. Some literature has reported that the kyphotic angle
of the thoracic vertebrae usually cannot be restored effective-
ly. Lonstein and Winter [16] found that the posterior orthope-
dic procedure did not achieve the purpose of surgery in 60%
of cases if the patient’s preoperative thoracic kyphosis (TK)
was less than 20°. At present, pedicle screws are widely used
in the surgical correction of scoliosis, but there is no consen-
sus on postoperative TK. For example, one study reported that
TK decreased after the operation [17], but another reported
that TK increased [18].
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Although many studies have assessed TK in AIS, no general-
ized consensus has been reached on whether its restoration
can be achieved after spinal surgical correction [12-18]. In ad-
dition, there are no known reports on the multivariate logis-
tic regression analysis of coronal and sagittal plane parame-
ters in Lenke type 1 AIS. Therefore, this retrospective study
aimed to identify the factors associated with successful sur-
gical correction of TK in 43 patients with AIS with Lenke type
1 curvature, in which the major curve with the largest Cobb
angle was mainly in the thoracic region.

Material and Methods

Patient Population

This study to review 43 consecutive cases with Lenke 1 AIS was
approved by the Institutional Review Board of Ethics Committee
of the First Affiliated Hospital, Guangxi Medical University. Each
participant and his or her parents were informed, and written
consent was obtained. According to a new classification sys-
tem, Lenke types can be divided into 6 curve types: Lenke 1
(main thoracic curvature), Lenke 2 (double thoracic curvature),
Lenke 3 (double main curvature), Lenke 4 (3 main curvatures),
Lenke 5 (thoracic lumbar curvature/lumbar curvature), and
Lenke 6 (thoracic lumbar curvature/lumbar bending-structural
main thoracic curvature) [2]. According to the relationship of
the center sacral vertical line to the apex of the lumbar curve,
and the sagittal curve measurement from the 5th to the 12th
thoracic level, the lumbar spine modifier can be classified as
A, B, or C [2]. A sagittal thoracic modifier can be divided into
- (<10°), N (10-40°), and + (>40°) [2]. These patients (18 fe-
males and 25 males) included 35 cases of Lenke 1A, 2 cases
of Lenke 1B, and 6 cases of Lenke 1C. The patients underwent
posterior correction and instrumental spinal fusion with pedi-
cle screws between May 2012 and August 2017. The inclusion
criteria were patients with Lenke 1 AIS of the main thoracic
curvature, with at least 1-year follow-up, for whom complete
standing whole spine radiographs were available. The exclu-
sion criteria were patients with a previous medical history of
spinal surgery and manipulations that might affect flexibili-
ty. The included cases were separated into 3 groups based
on their preoperative TK; group A had thoracic hypokypho-
sis (TK <20°), group B had normal TK (TK 20-40°), and group
C had thoracic hyperkyphosis (TK >40°). Additionally, the pa-
tients were also divided into 2 groups according to postoper-
ative TK for further analysis of factors: group 1 with a TK an-
gle <20° after surgery and group 2 with a TK angle between
20° and 40° after surgery. All patients’ informed consent was
obtained before the project was started.
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Surgical Technique

All surgeries were performed by 2 similarly trained senior sur-
geons at our medical facility. Patients were placed in a prone
position for the posterior approach, and an incision was then
made to expose the transverse processes, the bilateral lami-
na, and articular processes. A Ponte osteotomy was performed,
and the lower vertebral articular process and the superior ver-
tebral body articular process were removed with a rongeur,
with resection of the ligamentum flavum. Pedicle screw in-
sertion methods for scoliosis surgery were carried out by the
freehand technique [19]. Key vertebral pedicle screw strategy
was applied in this study, following the operative procedure in
previous literature [8]. Long-segment fusion was performed in
this study. The spinal cord was detected using somatosenso-
ry evoked potentials and motor evoked potentials for all pa-
tients. The diameter and length of the screw were evaluated
preoperatively by CT scan and measured during the operation.
Lifting tools were used to lift both ends toward the middle, fol-
lowed by a slightly concave distraction and convex compres-
sion, and then used for the curvature correction. This proce-
dure simultaneously corrected the axial balance through the
proper rotation of the rod. There were no observed deviations
from the screw placements planned before surgery.

Radiographic Measurement

A complete radiographic history consisting of preoperative
and postoperative radiographs reviewed by certified radiol-
ogists was obtained. Two professional surgeons then used a
picture archiving and communication system (Shenzhen Annet
Information System, China) and Surgimap (Nemaris, Inc., New
York, NY, USA) to take measurements, and the average val-
ue was obtained to avoid systematic deviations. The imaging
data included the Cobb angle, side-bending Cobb angle, cervi-
cal lordosis (CL) [20], TK, lumbar lordosis (LL), pelvic incidence
(PI), sacral slope (SS), and pelvic tilt (PT) [21]. The distance
parameters measured included the sagittal vertical axis (SVA)
and the center of a C7 plumb line to the center sacral vertical
line (C7-CSVL). The ratio was calculated as follows: flexibili-
ty (%)=(preoperative Cobb-side-bending Cobb)/preoperative
Cobbx100%, and correction rate (%)=(preoperative Cobb—post-
operative Cobb)/preoperative Cobbx100% [17]. Screw density
was equal to the number of screws per fusion segment times 2.

Statistical Analysis

All the indexes are expressed as the meansstandard devia-
tion. Measurements were assessed twice by a third spinal sur-
geon who did not participate in any of the surgical procedures,
and the average value of the 2 measurements was calculated.
SPSS version 20 (IBM Corporation, Armonk, New York, USA)
was used for statistical analysis. The t test for single-factor
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Table 1. Meansstandard deviation (SD) of the patients’ clinical
data.

Parameters MeantSD

Sex, Male/Female 18/25
Ay 14706247
CHeightem 15326:9.56
Cweight kg 40708735
Rissersign degree  212t148
 Number of pedicle screws 13448271
Hospitaldays 12956306
"i&:ﬁ:&é&éé&ié@é}}ai}{g' Cobbangle, raT71650
 Main thoracic curve correction rate, % 6611£12.02
Preoperative flexibility, % 45771780
Operative time, min 169.84:36.60
Lumbar modifier, AB/C 3526
Folowuptime,mo 348441077

screening was used to compare measurement data between
groups 1 and 2 by a normal distribution. Paired preoperative
and postoperative data were tested by paired-sample t test.
A nonparametric test was carried out if the data had a non-
normal distribution. Univariate analysis was done to examine
whether there were indexes with significant difference, and
multivariate logistic regression analysis was conducted for fur-
ther investigation of significant indicators. A P value of <0.05
was regarded as indicating statistical significance.

Results

This study included a total of 43 patients with Lenke 1 AIS (18
females and 25 males), with a mean Risser sign of 2.12+1.48.
Among the reviewed cases, there were 35 cases of Lenke 1A,
2 cases of Lenke 1B, and 6 cases of Lenke 1C, with a mean age
of 14.70+2.47 years (range 11 to 19 years). In addition, the av-
erages for the length of the follow-up period, length of hos-
pital stays, operative time, and the number of pedicle screws
were 34.84+19.77 months (12-74 months), 12.95+3.16 days,
169.84+36.60 min, and 13.44+2.71 (Table 1). The mean Cobb
angle of the main thoracic curvature of the 43 Lenke 1 AIS pa-
tients in the coronal plane was 62.65+15.80° before surgery
and 21.33+9.47° after surgical correction (Table 1). The correc-
tion rate acquired was 66.11%, and the preoperative flexibility
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Figure 1. Representative case 1: an 18-year-old man with Lenke 1A adolescent idiopathic scoliosis. (A) Preoperative standing film
showed a 15-mm center of a C7 plumb line to the center sacral vertical line (C7-CSVL) and a 60.1° main thoracic curve Cobb
angle in the coronal plane. (B) Preoperative standing film showed a 27-mm sagittal vertical axis (SVA), 1.8° cervical lordosis
(CL), 8.5° thoracic kyphosis (TK), 41.2° lumbar lordosis (LL), 48.8° pelvic incidence (PI), 39.6°sacral slope (SS), and 9.2° pelvic
tilt (PT) in the sagittal plane. (C) Preoperative side-bending Cobb angle was 37.9°. (D) At 6 months after posterior thoracic
fusion, the postoperative standing film showed a 3.8-mm C7-CSVL and a 26.3° main thoracic curve Cobb angle. (E) At 6
months after posterior thoracic fusion, the postoperative standing film showed a 29.4-mm SVA, 1.4° CL, 19.1° TK, 49° LL,
42.8°PI, 31.2° SS, and 11.6° PT. (F) At the last follow-up, the postoperative standing film showed a 0.9-mm C7-CSVL and a
21.5° main thoracic curve Cobb angle. (G) At the last follow-up, the postoperative standing film showed a 22.2-mm SVA, 2.5°

CL, 20.5° TK, 52.3° LL, 41.4° PI, 33.8° SS, and 7.2° PT.

was 45.77%. Orthopaedic effects can be seen (Figures 1, 2). A
comparison of data between the preoperative and postopera-
tive Cobb angles of the main thoracic curvature demonstrated
a statistically significant result (P<0.001) (Figure 3A). Similarly,
a statistical difference in TK was found between preoperative

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

TK of 19.16+12.77° and postoperative TK of 23.12+7.45°
(Figure 3D; P<0.05). Other statistically significant indicators,
including C7-CSVL (P<0.05), SVA (P<0.05), CL (P<0.05), and PT
(P<0.05), are presented in Table 2 and Figure 3. Preoperative
LL (51.35+11.18°) and postoperative LL (50.33+11.37°) were
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Figure 2. Representative case 2: a 13-year-old girl with Lenke 1A adolescent idiopathic scoliosis. (A) Preoperative standing film showed
an 18-mm center of a C7 plumb line to the center sacral vertical line (C7-CSVL) and a 68.2° main thoracic curve Cobb angle
in the coronal plane. (B) Preoperative standing film showed a 26-mm sagittal vertical axis (SVA), 16.2° cervical lordosis (CL),
23.1° thoracic kyphosis (TK), 44.7° lumbar lordosis (LL), 43.7° pelvic incidence (PI), 36.2° sacral slope (SS), and 7.7° pelvic tilt
(PT) in the sagittal plane. (C) Preoperative side-bending Cobb angle was 20.1°. (D) At 6 months after posterior thoracic fusion,
the postoperative standing film showed a 3-mm C7-CSVL and a 10.7° main thoracic curve Cobb angle. (E) At 6 months after
posterior thoracic fusion, the postoperative standing film showed an 8-mm SVA, 10.6° CL, 27.5° TK, 43.2° LL, 35° PI, 25.6°
SS, and 9.4°PT. (F) At the last follow-up, the postoperative standing film showed a 2-mm C7-CSVL and an 8.4° main thoracic
curve Cobb angle. (G) At the last follow-up, the postoperative standing film showed a 17-mm SVA, 6.3° CL, 24.2° TK, 50.3° LL,
39.2° PI, 38.1° SS, and 1.1° PT.

not significantly different (P=0.317). Other statistically insig- group A had 25 patients, group B had 15 patients, and group C
nificant indicators, including SS and PI, are shown in Table 2. had 3 patients. The TK of the 25 patients in group A increased

from 10.28+4.53° to 20.52+6.17°, and the preoperative TK and
All patients were divided into 3 groups according to their pre- the last follow-up TK had a statistically significant difference
operative TK to investigate the restoration of postoperative TK: in this group (P<0.001) (Figure 4A). However, comparisons for

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €929149-5




Chen L et al:

C LI N I CA L R E S EA RC H Restoration of thoracic kyphosis in scoliosis with Lenke type 1 curvature

© Med Sci Monit, 2021; 27: €929149

A p<0.001 B p<0.05
100 7 307
80
— 201
= 60 £
£ =
= 40 =
~ 104
20
0 .
Preoperative Postoreoperative Preoperative Postoreoperative
C p<0.05 D p<0.05
60 407
30
40
g [
= = 201
;Z —
20
10
0 -
Preoperative Postoreoperative Preoperative Postoreoperative

Figure 3. Comparison of parameters before and after surgery: (A) Cobb, (B) the center of a C7 plumb line to the center sacral vertical
line (C7-CSVL), (C) sagittal vertical axis (SVA), and (D) thoracic kyphosis (TK).

Table 2. Comparison of preoperative and postoperative measurements of parameters (meanzstandard deviation).

LETETE T Preoperative Postoperative P value

Cobb, degree 62.65+15.80 21.33+9.47 <0.001**

PT, degree 6.91+7.32 10.16+6.63 0.010*

C7-CSVL - center of a C7 plumb line to the center sacral vertical line; CL — cervical lordosis; LL , lumbar lordosis; Pl — pelvic incidence;
PT — pelvic tilt; SS — sacral slope; SVA — sagittal vertical axis; TK — thoracic kyphosis. * P<0.05; ** P<0.01.

Pl and LL before and after the operation did not reveal a sig- for either Pl or LL before and after the operation. The preoper-
nificant difference for either parameter in group A. Similarly, ative and postoperative findings for group B had no statistical-
a statistically significant difference was found in group C for ly significant differences for TK, LL, and PI (Table 3, Figure 4B).
the comparison of the preoperative TK (48.33+9.45°) and the

postoperative TK (33.67+6.03°; P<0.05; Figure 4C). However, Additionally, the patients were divided into 2 groups according
group C did not have any significant difference in comparisons to postoperative TK; group 1 included 16 patients, and group 2
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Figure 4. Comparison of thoracic kyphosis (TK): (A) group A (TK <20°), (B) group B (TK 20-40°), and (C) group C (TK > 40°).

Table 3. Comparison of measurements of parameters between preoperative and last follow-up (meanzstandard deviation)*.

Preoperative Tl Preoperative TolEA D Preoperative e
TK, degree 10.28+4.53 20.52+6.17 <0.001** 28.13+#5.63 25.33+7.41 0.232 48.3349.45 33.67+6.03  0.021*
UL degree  47.521206 51201155 0155 54474771 488741236 0111 67.67+1206 5033:404 0198
Pl degree 4896736 51404688 0097 46804903 486741335 0401 4100+458 40674608 0885

LL — lumbar lordosis; Pl — pelvic incidence; TK — thoracic kyphosis. * Group A, thoracic hypokyphosis (TK <20°); group B, normal TK
(20-40°); group G, thoracic hyperkyphosis (TK »40°). * P<0.05; ** P<0.01.

Table 4. Comparison of clinical parameters between group 1 and group 2 (meanzstandard deviation)*.

Parameters Group 1 Group 2 P value

Sex, Male/Female 8/8 10/17 0.410
Agey 14752224 1467265 o731
" Heighttem 15556£9.63 151895940 0227
Weightkg 39811636 4122795 0550
Rissersign, degree 1874146 226:151 0340
_ Number of pedicle screws 14312239 1293280  ois1
Hospitaldays 13195333 1281311 o713
Operative time, min 1721362768 les4s4143 0757
folow-up time,mo 3106:1973 3707:1983 0295

# Group 1, thoracic kyphosis angle of <20° after surgery; group 2, thoracic kyphosis angle of 20-40° after surgery.

had 27 patients. Statistical differences were not observed for
weight, age, height, sex, or Risser sign between the 2 groups
(Table 4). Meanwhile, no significant difference was found in
the number of pedicle screws, hospital days, operative time,
or follow-up time in a comparison of the 2 groups (Table 4).

Univariate analysis showed that there was no statistical dif-
ference between group 1 and group 2 (P>0.05), nor was there
any difference in the preoperative parameters C7-CSVL, SVA,
CL, PI, SS, PT, Cobb angle, and side-bending Cobb angle. In a

comparison of group 1 and group 2, there was no statistical
difference in the following postoperative parameters: CL, LL, PI,
SS, PT, Cobb angle, C7-CSVL, SVA, flexibility, correction rate, fu-
sion segment, and screw density. However, a univariate anal-
ysis of parameters between group 1 and group 2 showed sta-
tistical significances in preoperative TK (P<0.05), preoperative
LL (P<0.01), and Ponte osteotomy (P<0.01) (Table 5).

The parameters with statistically significant differences in
the univariate analyses were subsequently included in a
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Table 5. Univariate analysis of parameters between the 2 groups (mean+standard deviation).

Parameters Group 1 Group 2 P value

Preoperative

Main thoracic curve correction rate, % 66.77+12.80 65.71+11.76 0.784

C7-CSVL - center of a C7 plumb line to the center sacral vertical line; CL — cervical lordosis; LL — lumbar lordosis; Pl — pelvic incidence;
PT — pelvic tilt; SS — sacral slope; SVA — sagittal vertical axis; TK — thoracic kyphosis. * P<0.05; ** P<0.01.

Table 6. Multivariate logistic regression analysis of parameters.

Parameters Exp(B) 95% Cl P value

Preoperative LL 1.099 (1.002, 1.204) 0.044*
"""" PreoperatveTK  10%  (0957,1.12) 0378
"""" Ponte osteotomy 7543 (1371,41424 0020

Cl - confidence interval; LL — lumbar lordosis; TK — thoracic kyphosis. * P<0.05.

multivariate logistic regression analysis. Preoperative LL and Discussion

Ponte osteotomy were noted to have statistically significant

differences in the multivariate analysis (P<0.05) (Table 6). AIS generally involves multiple deformed planes, with not only
coronal curvature and a decrease or increase of sagittal kypho-
sis on X-ray, but also an obvious axial rotation on CT [1]. A va-
riety of surgical options are available in clinical surgery based
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on preoperative flexibility [22]. There are numerous studies on
Lenke type 1 AIS regarding the types of curvature; the ana-
tomical locations, structural features, and other features; and
its natural history [1,2,23]. Several previous studies have fo-
cused on the coronal balance in AlS patients; however, there
are no known reports on the independent factors that favor
normal TK for Lenke 1 AIS. Consequently, no consensus has
been reached on whether effective restoration of TK can be
attained after spinal correction.

In this study, the mean Cobb angle of the main thoracic curva-
ture decreased from 62.65+15.80° preoperatively to 21.33+9.47°
postoperatively. The correction rate acquired was 66.11%.
Satisfactory correction rates reported previously were based on
the comparison of preoperative and postoperative results for
5 years, with 73% in one paper and 72.7% in another [24,25].
The difference could be because TK is mainly related to the
shape and orientation of the thoracic vertebrae and interverte-
bral discs, while the thoracic vertebrae, ribs, and sternum help
to enforce a relatively stable thoracic contour through bone
or cartilage connections [26]. Although the cases reviewed for
this study had follow-up for at least 1 year, the findings of the
main thoracic curvature correction rate and those in other stud-
ies did not vary too much. However, a higher curvature correc-
tion rate might be achieved with prolonged follow-up time.

In this study, we found that the use of a pedicle screw sys-
tem achieved a relatively satisfactory outcome for TK resto-
ration, but previous studies debated the validity and value of
TK restoration using a pedicle screw system. Different points
of view were apparent in multiple groups of studies accord-
ing to Liu et al [27], with the result that TK was increased in
one set of follow-up data, but decreased in another. Similar re-
sults were reported in another study on pedicle screw therapy,
where there was not a statistically significant difference be-
tween the preoperative and postoperative TK [28,29]. However,
when Liu et al [27] analyzed data from different hospitals, they
found that TK decreased after surgical correction. Postoperative
TK was reported to decrease when segmental pedicle screw
instrumentation was used for posterior correction owing to
various factors, such as prone positioning, compressing ma-
neuver, screw density, and direct vertebral derotation [30,31].
Nevertheless, Tao et al [18] reported that TK increased from
before to after surgical correction, although the position of ter-
minal fusion was different [18]. Similarly, a review of 92 cas-
es by Dumpa et al [32] showed satisfactory recovery of TK in
all groups of studies. The results of the current study showed
that TK increased in comparison with preoperative and post-
operative TK, and the sagittal plane was effectively restored.
In this study, an increase in TK might cause a compensato-
ry increase in CL and PT, so that the LL change was not obvi-
ous. This result was consistent with the results of the study
by Roussouly et al [33]. TK was positively correlated with the
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increase of CL in the hypokyphotic group, and increased PT
could maintain the patient’s spinal balance in lower PI [34].

The results of the current study demonstrated that preoperative
TK, preoperative LL, and Ponte osteotomy were related factors
for maintaining normal TK. Multivariate analysis suggested that
preoperative LL and the use of Ponte osteotomy with full-thick-
ness segmental resection of the spinal posterior column, result-
ed in successful surgical correction of TK in patients with AIS
with Lenke type 1 curvature. With thoracic pedicle screw instru-
mentation used as the primary anchor, the Ponte procedure was
successfully performed in 17 patients in a previous study [35].
In the process of osteotomy, the posterior skeletal structure of
the spine is loosened, and the flexible structure of the spine is
increased [36]. For patients with thoracic hypokyphosis, the or-
thopedics are appropriately extended. For patients with hyperky-
phosis, proper orthopedics are performed to effectively maintain
the sagittal plane of the spine balance. Feng et al [34] studied
the sagittal balance of osteotomy and nonbone, and found that
both groups could maintain TK. However, the TK correction angle
in the osteotomy group was better than in the nonbone group,
with the result of reducing the TK of patients with hyperkypho-
sis and increasing the TK of patients with thoracic hypokypho-
sis [34]. The Ponte osteotomy orthopedic technique was per-
formed by Zhang et al [37], who achieved a coronal correction
rate and sagittal correction rate of 57.73% and 41.23%, respec-
tively. Ponte osteotomy was found to be an effective orthope-
dic treatment for patients with scoliosis [37]. Some patients in
the current study underwent Ponte osteotomy, and the results
showed that Ponte osteotomy was beneficial to maintain the
normal curvature of TK. Further research is needed to increase
the number of Ponte osteotomy cases.

In addition, the results of this study found that a larger pre-
operative LL surgery was conducive to maintaining the normal
curvature of TK. A study review by Matsumoto et al [38] found
evidence for a correlation between the decrease of TK and a
decrease of LL [38]. Another study exploring the relationship
between them also clearly stated that the findings followed
the expected outcomes, and it additionally revealed that TK
was closely connected to age [39]. Similarly, clinical imaging
data from 180 cases indicated that the TK angle is connect-
ed to age to a certain extent before entering adulthood [40].
However, this study could not establish that TK was correlat-
ed with age. Also, the results of the univariate analysis did
not reveal any significant difference between the proportion
of pedicle screws and postoperative TK. These findings were
confirmed by a pervious review of 269 cases in which a weak
negative correlation was found between maintenance of TK
balance and the number of implanting pedicle screws [6].

Several limitations should be considered in the current study,
including the insufficient statistical power due to the relatively
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small number of cases reviewed. This article aimed to investi-
gate the factors in maintaining normal TK in the coronal and
sagittal parameters, but it did not include enough parame-
ters such as axial position parameters and surgical segments.
Since some of the reviewed cases underwent radiograph-
ic scans in other hospitals before their referral, those imag-
ing data were not available for the current study. Also, even
though all operations were conducted by 2 experienced sur-
geons, there might still have been some slight differences in
their approaches. And finally, this study was a single-center
retrospective study; therefore, a multicentered prospective
study is needed to confirm the findings.

References:

—_

. Weinstein S, Dolan L, Cheng J, et al. Adolescent idiopathic scoliosis. Lancet,
2008;371(9623):1527-37

. Lenke L, Betz R, Harms J, et al. Adolescent idiopathic scoliosis. A new clas-
sification to determine extent of spinal arthrodesis. } Bone Joint Surg Am,
2001;83(8):1169-81

. Lehman R, Lenke L, Keeler K, et al. Operative treatment of adolescent id-
iopathic scoliosis with posterior pedicle screw-only constructs: Minimum
three-year follow-up of one hundred fourteen cases. Spine (Phila Pa 1976),
2008;33(14):1598-604

. Horne J, Flannery R, Usman S. Adolescent idiopathic scoliosis: Diagnosis
and management. Am Fam Physician, 2014;89(3):193-98

. Negrini S, Aulisa A, Aulisa L, et al. 2011 SOSORT guidelines: Orthopaedic
and rehabilitation treatment of idiopathic scoliosis during growth. Scoliosis,
2012;7(1):3

. Lonner B, Lazar-Antman M, Sponseller P, et al. Multivariate analysis of fac-
tors associated with kyphosis maintenance in adolescent idiopathic scoli-
osis. Spine (Phila Pa 1976), 2012;37(15):1297-302

. Lowenstein J, Matsumoto H, Vitale M, et al. Coronal and sagittal
plane correction in adolescent idiopathic scoliosis: A comparison between
all pedicle screw versus hybrid thoracic hook lumbar screw constructs.
Spine (Phila Pa 1976), 2007;32(4):448-52

. Wei X, Zhou X, Yang Y, et al. Key vertebral pedicle screw strategy for the
correction of flexible Lenke type 1 adolescent idiopathic scoliosis: A pre-
liminary study of a 5-year minimum radiographic follow-up. Spine (Phila
Pa 1976), 2017;42(16):1226-32

. Suk S, Lee S, Chung E, et al. Selective thoracic fusion with segmental ped-
icle screw fixation in the treatment of thoracic idiopathic scoliosis: More
than 5-year follow-up. Spine (Phila Pa 1976), 2005;30(14):1602-9

10. Trobisch P, Samdani A, Pahys J, Cahill P. Postoperative trunk shift in Lenke
1 and 2 curves: How common is it? and analysis of risk factors. Eur Spine
J,2011;20(7):1137-40

11. Li M, Shen Y, Gao Z, et al. Surgical treatment of adult idiopathic scoliosis:
Long-term clinical radiographic outcomes. Orthopedics, 2011;34(3):180

N

w

IS

S}

[=))

~

o

o

12. Upasani V, Tis J, Bastrom T, et al. Analysis of sagittal alignment in thoracic
and thoracolumbar curves in adolescent idiopathic scoliosis: How do these
two curve types differ? Spine (Phila Pa 1976), 2007;32(12):1355-59

13. Hilibrand A, Tannenbaum D, Graziano G, et al. The sagittal alignment of
the cervical spine in adolescent idiopathic scoliosis. J Pediatr Orthop,
1995;15(5):627-32

14. Hempfing A, Ferraris L, Koller H, et al. Is anterior release effective to in-
crease flexibility in idiopathic thoracic scoliosis? Assessment by traction
films. Eur Spine J, 2007;16(4):515-20

15. Kadoury S, Cheriet F, Beauséjour M, et al. A three-dimensional retrospec-
tive analysis of the evolution of spinal instrumentation for the correction
of adolescent idiopathic scoliosis. Eur Spine J, 2009;18(1):23-37

16. Lonstein J, Winter R. Comparison of anterior and posterior instrumenta-

tion for correction of adolescent thoracic idiopathic scoliosis. Spine (Phila
Pa 1976), 1999;24(19):2067-68

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929149-10

Chen L et al:
Restoration of thoracic kyphosis in scoliosis with Lenke type 1 curvature
© Med Sci Monit, 2021; 27: €929149

Conclusions

The results revealed that a normal TK could be effectively
maintained after surgical correction. We found that preoper-
ative TK, preoperative LL, and Ponte osteotomy were related
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