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Abstract: Pedicle screw constructs have become the mainstay for

surgical correction in patients with spinal deformities. To reduce or

avoid the risk of pedicle screw-based complications and to decrease the

costs associated with pedicle screw instrumentation, some authors have

introduced interval, skipped, and key-vertebral pedicle screw strategies

for correction. However, there have been no comparisons of outcomes

among these 3 pedicle screw-placement strategies.

The aim of this study was to compare the correlative clinical

outcomes of posterior correction and fusion with pedicle screw fixation

using these 3 surgical strategies.

Fifty-six consecutive patients with Lenke type 1 adolescent idiopathic

scoliosis were included in this study. Twenty patients were treated with the

interval pedicle screw strategy (IPSS), 20 with the skipped pedicle screw

strategy (SPSS), and 16 with the key-vertebral pedicle screw strategy

(KVPSS). Coronal and sagittal radiographs were analyzed before surgery,

at 1 week after surgery, and at the last follow-up after surgery.

There were no significant differences among the 3 groups regarding

preoperative radiographic parameters. No significant difference was

found between the IPSS and SPSS groups in correction of the main

thoracic curve (70.8% vs 70.0%; P¼ 0.524). However, there were

statistically significant differences between the IPSS and KVPSS groups

(70.8% vs 64.9%) and between the SPSS and KVPSS groups (70.0% vs

64.9%) in correction of the main thoracic curve (P< 0.001 for both).

Additionally, there were no significant differences among the 3 strategies

for sagittal parameters at the immediate postoperative and last post-

operative follow-up periods, though there were significant differences in

the Cobb angle between the preoperative and immediate postoperative

periods among the 3 groups, but not between the immediate postoperative
ghu Lu, MD, Xian- ,
and Ming Li, MD

operative time between the IPSS and KVPSS groups (P< 0.001) and

between the SPSS and KVPSS groups (P< 0.001).

Each of the 3 types of pedicle screw strategies for correction in

patients with Lenke type 1 adolescent idiopathic scoliosis are effective,

with satisfactory coronal and acceptable sagittal plane results. Although

the KVPSS does not provide superior operative correction compared with

the IPSS and SPSS, it can achieve a satisfactory clinical outcome and is

more cost-effective.

(Medicine 95(10):e3021)

Abbreviations: AISa = dolescent idiopathic scoliosis, CB =

coronal balance, HCs = hospital charges, IBL = intraoperative

blood loss, IPSS = interval pedicle screw strategy, KVPSS = key-

vertebral pedicle screw strategy, LIV = lower instrumentation

vertebra, LL = lumbar lordosis, MT = main thoracic curve, NPS =

number of pedicle screws, OT = operative time, PT = proximal

thoracic curve, RSH = radiographic shoulder height, SPSS =

skipped pedicle screw strategy, SVA = sagittal vertical axis, TK =

thoracic kyphosis, TL/L = thoracolumbar/lumbar, TLJ =

thoracolumbar junction, TTV = total transfusion volume, UIV =

upper instrumentation vertebra.

INTRODUCTION

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

by vertebral rotation in the transverse plane, lateral curvature in
the frontal plane, and abnormal alignment in the sagittal plane.
The goal of surgical treatment in AIS is not only to correct the
spinal deformity and maintain long-term spinal stability but also
to prevent cardiopulmonary and neurologic decline and to
obtain cosmetic improvement. Since the presentation of the
Harrington instrumentation system in 1962, the correction
techniques used in scoliosis surgery have changed, evolving
from Harrington concave distraction to segmental instrumenta-
tion, using a variety of procedures, including segmental sub-
laminar fixation of each vertebra to rods using the Luque system
or the rod rotation maneuver and segmental approximation via
cantilever maneuvers with C-D instrumentation, in addition to
direct vertebral rotation with segmental pedicle screws.1–5

Lenke type 1 AIS is characterized by a structural main
thoracic (MT) curve with a compensatory proximal thoracic
curve (PT) and thoracolumbar/lumbar (TL/L) curve. In recent
decades, pedicle screw constructs have become increasingly
popular in the correction of spinal deformity. Several studies
have reported that thoracic pedicle screw fixation provides
superior coronal and axial curve correction, maintenance of
dimensional (coronal, sagittal, and axial)
number of fusion levels compared with
entation.6–9 In addition, pedicle screw
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fixation in thoracic curves can also decrease the operative time
(OT), intraoperative blood loss (IBL), and revision rate.6,7,10,11

Most studies have reported that the use of pedicle screw
constructs is safe and reliable for correcting the spinal deformity
of idiopathic thoracic scoliosis.4,9,10,12–14 However, several
studies have described some potential neurological and vascular
complications, intraoperative pedicle fracture, and pseudarthro-
sis.13,15–17 In addition, the pedicle screw used in the thoracic
curves has been reported to induce hypokyphosis,18,19 and the
widespread adoption of pedicle screw-based constructs has
increased hospital expenses related to AIS.19,20

To reduce or avoid the risk of pedicle screw-based com-
plications and decrease the cost associated with pedicle screw
instrumentation, some authors have introduced interval,
skipped, and key-vertebral pedicle screw strategies.12,21,22

However, no comparative analyses of interval, skipped, and
key-vertebral pedicle screw strategies for correction of spinal
deformity have been performed. The purpose of this study was
to compare the results of posterior correction and fusion with
pedicle screw fixation using these 3 surgical strategies.

METHODS

Setting and Patient Population
From January 2011 to March 2014, 56 consecutive patients

with Lenke type 1 AIS were treated using single-stage posterior
thoracic curve instrumentation and fusion with pedicle screws.
The inclusion criteria were as follows: diagnosis of AIS and age
of 12 to 19 years; a major thoracic curve Cobb angle of more
than 40 degrees; a minimum of 1-year follow-up; and a flexi-
bility rate of over 50% for the major thoracic curve observed on
supine side-bending radiographs. The exclusion criteria were as
follows: any previous spine surgery; anterior release; neuro-
logical deficit; and posterior osteotomy. The fusion level was
selected from the upper instrumentation vertebra (UIV: T4/T5)
to the lower instrumentation vertebra (LIV: T12/L1).

The patients were divided into 3 groups according to the type
of thoracic pedicle screw instrumentation. In the interval pedicle
screw strategy (IPSS) group, pedicle screws were placed at
intervals on both the concave and convex sides.12 In the skipped
pedicle screw strategy (SPSS) group, each level had fixation on
the concave side, with the skipping of levels on the convex side.21

In the key-vertebral pedicle screw strategy (KVPSS) group, 2
levels at the upper and lower ends of the fusion block were fixed
bilaterally, and then 1 screw was placed at the apical vertebra on
the convex side, whereas 1 screw each was placed on the adjacent
upper and lower vertebrae on the concave side.22 The instrumen-
tation system utilized was Expedium (uniaxial pedicle screw,
Depuy Synthes) in all 56 cases. All surgical procedures were
performed by 1 senior surgeon. The study was approved by the
clinical research ethics committee of our hospital.

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

and final follow-up radiographs were obtained on long cassettes
by certified radiology technicians in the standardized fashion.
Supine side-bending radiographs were performed preopera-
tively for all patients. The parameters measured on the coronal
radiographs were as follows: Cobb angles of the PT, MT, and
TL/L curves; coronal balance (CB); and radiographic shoulder

Wang et al
height (RSH). CB was defined as the horizontal distance
between the center of the S1 vertebra and the vertical line
drawn from the center of C7. RSH is the perpendicular distance
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in the soft tissue shadow directly superior to the acromiocla-
vicular joint. The following 4 sagittal radiographic parameters
were measured: thoracic kyphosis (TK); thoracolumbar junc-
tion (TLJ); lumbar lordosis (LL); and sagittal vertical axis
(SVA). TK is the angle between perpendicular lines drawn
from the T5 superior end plate and the T12 inferior end plate.
The TLJ is the angle between perpendicular lines drawn from
the T10 superior end plate and the L2 inferior end plate. LL is
the angle between perpendicular lines drawn from the L1
superior end plate and the L5 inferior end plate. The SVA is
the distance between the posterosuperior point of the sacral
plate and the plumb line drawn from C7.

The OT, IBL, total transfusion volume (TTV), number of
pedicle screws (NPS), and amount of hospital charges (HCs)
were noted. The radiographs were analyzed by 2 authors of this
study, who independently performed the measurements. An
experienced spine surgeon reviewed the medical records and
plain radiographs of all patients.

The correction rate and flexibility rate were calculated as
follows:
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Formula 1
correction rate (%)¼ (preoperative angle� postoperative
angle)/preoperative angle� 100%
Formula 2

flexibility rate (%)¼ (preoperative standing angle�
preoperative bending angle)/preoperative Cobb angle�
100%

CB >2.0 cm was considered to indicate coronal decom-
pensation, CB �2.0 cm was considered satisfactory, and CB
�1.0 cm was considered excellent.

Radiographic shoulder height was graded as significant
imbalance (>3 cm), moderate imbalance (2–3 cm), minimal
imbalance (1–2 cm), or balanced (<1 cm).

Statistical Analyses
Statistical analyses were performed using SPSS statistical

software v. 17.0 (IBM, Chicago, IL). Preoperative and post-
operative radiographic parameters were compared using paired t
tests within group samples. Single-factor analysis of variance
was employed to compare between groups. Statistical signifi-
cance was defined as P< 0.05.

RESULTS

Patient Demographics
The IPSS group included 20 patients with AIS who

completed an average of 19.0� 9.1 months follow-up. Eighteen
patients (90%) were female, and 2 (10%) were male. The
average age at surgery was 14.9� 1.7 years. There were 14
patients with a lumbar modifier A, 4 with a lumbar modifier B,
and 2 with a lumbar modifier C. Nineteen patients were
normokyphotic, and 1 was hypokyphotic in the sagittal plane.
The UIV was T4 in 8 patients and T5 in 12 patients. In addition,
the LIV was T12 in 8 patients and L1 in 12 patients (Table 1).

The SPSS group included 20 patients with AIS who
completed an average of 20.9� 9.6 months follow-up. Nineteen
patients (95%) were female 1 one (5%) was male. The average
age at surgery was 15.4� 1.6 years. There were 12 patients with
a lumbar modifier A, 5 with a lumbar modifier B, and 3 with a

lumbar modifier C. All patients were normokyphotic. The UIV
was T4 in 5 patients and T5 in 15 patients; the LIV was T12 in 9
patients and L1 in 11 patients.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Demographic, Clinical, and Radiographical Data

IPSS SPSS KVPSS
P (IPSS
vs SPSS)

P (IPSS
vs KVPSS)

P (SPSS
vs VPSS)

Age, years 14.9� 1.7 15.4� 1.6 14.4� 1.6 0.386 0.401 0.100
Sex

Male 2 1 1
Female 18 19 15

Risser sign 3.8� 0.9 4.0� 0.7 3.8� 0.8 0.431 0.963 0.486
Lenke type

1AN 13 12 14
1A� 1 0 0
1Aþ 0 0 0
1BN 4 5 2
1B� 0 0 0
1Bþ 0 0 0
1CN 2 3 0
1C� 0 0 0
1Cþ 0 0 0
UIV
T4 8 5 10
T5 12 15 6
LIV
T12 8 9 8
L1 12 11 8

FR (MT) 64.8� 4.4 63.6� 4.1 62.4� 2.1 0.340 0.055 0.156
OT, minutes 232.3� 33.6 249.1� 34.2 180.6� 22.3 0.094 <0.001

�
<0.001

�

IBL, mL 923.5� 119.4 954.5� 181.7 880.3� 117.2 0.500 0.376 0.131
TTV, mL 1142.5� 117.3 1172.5� 148.2 1093.8� 101.5 0.453 0.252 0.067
NPS 12.5� 0.7 14.7� 0.7 10.8� 0.4 <0.001

�
<0.001

�
<0.001

�

HC, Yuan 169258.4� 7785.3 180163.8� 8005.7 141554.2� 6539.1 <0.001
�

<0.001
�

<0.001
�

Follow-up, months 19.0� 9.1 20.9� 9.6 21.6� 8.2 0.510 0.394 0.815

FR¼flexibility rate, HC¼ hospital charges, IBL¼ intraoperative blood loss, IPSS¼ interval pedicle screw strategy, KVPSS¼ key-vertebral
mbe
ver
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The KVPSS group included 16 patients with AIS who
completed an average of 21.6� 8.2 months follow-up. Fifteen
patients (94%) were female and 1 (6%) was male. The average
age at surgery was 14.4� 1.6 years. There were 14 patients with
a lumbar modifier A, 2 with a lumbar modifier B, and 1 patient
with a lumbar modifier C. All patients were normokyphotic.
The UIV was T4 in 10 patients and T5 in 6 patients; the LIV was
T12 in 8 patients and L1 in 8 patients.

The groups did not significantly differ in terms of age,
flexibility rate, IBL, TTV, or follow-up time. The average OT in
the KVPSS group was significantly shorter than those in the
IPSS (P< 0.001) and SPSS groups (P< 0.001); however, there
was no significant difference between the IPSS and SPSS
groups (P¼ 0.094). The NPS and amount of HCs were signifi-
cantly higher in the SPSS group than in the IPSS (P< 0.001)
and KVPSS groups (P< 0.001).

Radiographic Analysis
Preoperatively, there were no significant differences

among the 3 groups in the Cobb angle of the PT curve, MT
curve, or TL/L curve, or the CB, RSH, TK, TLJ, LL, or SVA
value. During the immediate postoperative period, there were

pedicle screw strategy, LIV¼ lower instrumentation vertebra, NPS¼ nu
strategy, TTV¼ total transfusion volume, UIV¼ upper instrumentation�

Significant difference.
no significant differences among the 3 groups in the Cobb angle
of the PT curve or TL/L curve, or the RSH, TK, TLJ, LL, or
SVA value. There were significant differences in both the Cobb

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
angle of the MT curve and CB between the KVPSS and IPSS
groups and also between the KVPSS and SPSS groups. At the
last follow-up, there were no significant differences among the
3 groups in the Cobb angle of the PT curve, or the CB, RSH, TK,
TLJ, LL, or SVA value. There were significant differences in
the Cobb angles of both the MT and TL/L curves between the
KVPSS and IPSS groups and also between the KVPSS and
SPSS groups (Table 2–4,,).

In the IPSS group, the Cobb angles of the PT, MT, and TL/
L curves were significantly different between the preoperative
and immediate postoperative periods (P< 0.001, P< 0.001,
P< 0.001, respectively), and no significant change was
observed between the immediate postoperative and last fol-
low-up postoperative periods (P¼ 0.125, P¼ 0.054,
P¼ 0.163). The CB did not significantly differ between the
preoperative and immediate postoperative periods (P¼ 0.49),
but it did show a significant change between the immediate
postoperative and last postoperative follow-up periods
(P< 0.001). The RSH and LL showed significant differences
between the preoperative and immediate postoperative periods
(P¼ 0.023 and P¼ 0.037, respectively), and also between the
immediate postoperative and last postoperative follow-up

r of pedicle screw, OT¼ operative time, SPSS¼ skipped pedicle screw
tebra.
periods (P< 0.001 and P¼ 0.002, respectively), but no signifi-
cant difference between the preoperative and final postoperative
follow-up periods (P¼ 0.1 and P¼ 0.323, respectively). The
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TABLE 2. Comparing Preoperative Parameters among Three Groups

IPSS SPSS KVPSS P (IPSS vs SPSS) P (IPSS vs KVPSS) P (SPSS vs KVPSS)

PT, 8 20.3� 4.8 22.1� 3.8 18.7� 7.0 0.295 0.362 0.061
MT, 8 47.4� 6.1 46.9� 5.5 44.6� 4.6 0.775 0.146 0.234
TL/L, 8 22.3� 4.6 23.3� 4.1 23.1� 4.8 0.506 0.614 0.901
CB, mm 17.0� 6.9 15.2� 6.6 17.3� 6.4 0.411 0.872 0.349
RSH, mm 12.6� 8.6 14.2� 9.6 13.3� 6.7 0.554 0.821 0.740
TK, 8 19.8� 7.8 22.9� 6.9 21.5� 6.5 0.176 0.468 0.575
TLJ, 8 �2.1� 6.4 �0.9� 7.5 1.4� 6.5 0.581 0.135 0.325
LL, 8 44.8� 6.9 43.1� 6.0 41.9� 4.6 0.358 0.159 0.581
SVA, mm �12.5� 21.3 �8.9� 20.0 �6.2� 15.4 0.557 0.333 0.677

CB¼ coronal balance, IPSS¼ interval pedicle screw strategy, KVPSS¼ key-vertebral pedicle screw strategy, LL¼ lumbar lordosis, MT¼main
thoracic, PT¼ proximal thoracic, RSH¼ radiographic shoulder height, SPSS¼ skipped pedicle screw strategy, SVA¼ sagittal vertical axis,

mb
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TK, TLJ, and SVA values were not significantly different
among the preoperative, immediate postoperative, and last
postoperative follow-up periods (Table 5, Figure 1).

In the SPSS group, the Cobb angles of the PT, MT, and TL/L
curves were significantly different between the preoperative and
immediate postoperative periods (P< 0.001, P< 0.001,
P< 0.001), but not between the immediate postoperative and last
postoperativefollow-upperiods(P¼ 0.439,P¼ 0.056,P¼ 0.237,
respectively). The CB and RSH values did not significantly differ
between the preoperative and immediate postoperative periods
(P¼ 0.317, P¼ 0.657, respectively), but they did significantly
differ between the immediate and last postoperative follow-up
periods (P< 0.001, P< 0.001). The LL showed a significant
difference between the preoperative and immediate postoperative
periods (P¼ 0.034) and alsobetween the immediate postoperative
and last postoperative follow-up periods (P< 0.001), but not
between the preoperative and last postoperative follow-up periods
(P¼ 0.493). The TK, TLJ, and SVA values were not significantly
different among the preoperative, immediate postoperative, and

TK¼ thoracic kyphosis, TL/L¼ thoracolumbar/lumbar, TLJ¼ thoracolu�
Significant difference.
last postoperative periods (Table 6, Figure 2).
In the KVPSS group, the Cobb angles of the PT, MT, and

TL/L curves significantly differed between the preoperative and

TABLE 3. Comparing Immediate Postoperative Parameters Amon

IPSS SPSS KVPSS P (I

PT, 8 11.8� 3.1 13.1� 2.2 12.3� 5.6
MT, 8 14.5� 2.5 15.1� 2.1 17.0� 3.0
TL/L, 8 11.8� 3.3 12.3� 2.8 13.0� 3.2
CB, mm 18.4� 4.4 17.7� 7.3 12.9� 5.6
RSH, mm 17.8� 5.1 15.2� 6.0 13.9� 6.5
TK, 8 20.8� 5.0 22.5� 3.6 20.7� 2.7
TLJ, 8 �1.8� 5.9 �1.2� 6.0 �2.6� 9.4
LL, 8 40.7� 4.5 39.3� 4.1 42.2� 4.4
SVA, mm �9.1� 15.3 �7.0� 19.5 �4� 13.2
MT, % 70.8� 3.7 70.0� 4.0 64.9� 4.3

CB¼ coronal balance, IPSS¼ interval pedicle screw strategy, KVPSS¼
thoracic, PT¼ proximal thoracic, RSH¼ radiographic shoulder height, S
TK¼ thoracic kyphosis, TL/L¼ thoracolumbar/lumbar, TLJ¼ thoracolumb�

Significant difference.
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immediate postoperative periods (P< 0.001, P< 0.001,
P< 0.001, respectively), but not between the immediate post-
operative and last postoperative follow-up periods (P¼ 0.213,
P¼ 0.307, P¼ 0.064, respectively). The CB did not signifi-
cantly differ between the preoperative and immediate post-
operative periods (P¼ 0.085) or between the immediate and last
postoperative follow-up periods (P¼ 0.705), but it did signifi-
cantly differ between the preoperative and last postoperative
follow-up periods (P¼ 0.028). The RSH did not significantly
differ between the preoperative and immediate postoperative
periods (P¼ 0.801), but it did significantly differ between the
immediate and last postoperative follow-up periods
(P¼ 0.006), and also between the preoperative and last post-
operative follow-up periods (P¼ 0.049). The TK, TLJ, LL, and
SVA values did not significantly differ among the preoperative,
immediate postoperative, and last postoperative periods
(Table 7, Figure 3).

At 1 week after surgery, 1 patient in the SPSS group
experienced wound infection that was resolved by antibiotic

ar junction.
therapy and regular dressings. There were no neurologic com-
plications or implant-associated complications among the
3 groups.

g 3 Groups

PSS vs SPSS) P (IPSS vs KVPSS) P (SPSS vs KVPSS

0.259 0.656 0.533
0.436 0.005

�
0.035

�

0.613 0.255 0.505
0.710 0.007

�
0.018

�

0.157 0.054 0.538
0.166 0.962 0.176
0.790 0.730 0.552
0.328 0.294 0.052
0.694 0.363 0.588
0.524 <0.001

�
<0.001

�

key-vertebral pedicle screw strategy, LL¼ lumbar lordosis, MT¼main
PSS¼ skipped pedicle screw strategy, SVA¼ sagittal vertical axis,
ar junction.
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TABLE 4. Comparing Last Follow-up Postoperative Parameters Among 3 Groups

IPSS SPSS KVPSS P (IPSS vs SPSS) P (IPSS vs KVPSS) P (SPSS vs KVPSS)

PT, 8 12.7� 2.0 13.7� 1.9 13.3� 3.4 0.204 0.425 0.684
MT, 8 15.4� 1.8 16.1� 2.7 17.6� 2.3 0.283 0.002

�
0.030

�

TL/L, 8 12.5� 3.1 13.1� 1.7 14.4� 1.9 0.440 0.007
�

0.041
�

CB, mm 11.5� 2.8 9.5� 2.9 12.1� 4.5 0.096 0.557 0.023
RSH, mm 8.7� 3.5 9.1� 3.5 9.4� 2.2 0.730 0.531 0.763
TK, 8 22.6� 5.4 23.5� 5.2 22.4� 5.3 0.479 0.917 0.572
TLJ, 8 �1.5� 5.1 �0.7� 6.3 �1.2� 8.4 0.721 0.906 0.827
LL, 8 43.2� 2.9 44.0� 3.6 43.9� 3.5 0.422 0.483 0.956
SVA, mm �7.6� 13.8 �6.5� 16.0 �5.4� 11.9 0.815 0.658 0.823

CB¼ coronal balance, IPSS¼ interval pedicle screw strategy, KVPSS¼ key-vertebral pedicle screw strategy, LL¼ lumbar lordosis, MT¼main
thoracic, PT¼ proximal thoracic, RSH¼ radiographic shoulder height, SPSS¼ skipped pedicle screw strategy, SVA¼ sagittal vertical axis,

ba
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DISCUSSION
Over the past 30 years, the use of thoracic pedicle screws

for the correction of AIS has become a popular method of
fixation. Currently, pedicle screws have been shown to be safe
and effective in the posterior correction of AIS. Furthermore,
they provide superior spinal deformity correction in the coronal,
sagittal, and axial planes compared with hook and hybrid
instrumentation and maintain the corrective parameters during
follow-up.10,23,24 Many biomechanical studies on cadaveric
thoracic vertebrae have demonstrated that pedicle screw fix-
ation provides powerful pullout strength for the spine.25,26 With
the development of instrumentation and surgical techniques,
surgeons are now able to insert segmental pedicle screws at
every possible level. Furthermore, Kuklo et al27 have reported
that pedicle screw insertion techniques are not associated with
an increased occurrence of major neurologic complications.
However, many surgeons have questioned whether it is worth-
while to insert screws into all segments. Therefore, various
pedicle screw instrumentation strategies have been suggested as
alternatives to the consecutive pedicle screw strategy. It is well

TK¼ thoracic kyphosis, TL/L¼ thoracolumbar/lumbar, TLJ, thoracolum�
Significant difference.
known that the most important factor is how many pedicle
screw instrumentations can be saved that do not affect
spinal correction.

TABLE 5. Comparing Preoperative, Immediate Postoperative, an

Preoperative Immediate Postoperative Last Postop

PT, 8 20.3� 4.8 11.8� 3.1 12.7� 2
MT, 8 49.4� 5.1 14.5� 2.5 15.4� 1
TL/L, 8 22.3� 4.6 11.8� 3.3 12.5� 3
CB, mm 17.0� 6.9 18.4� 4.4 11.5� 2
RSH, mm 12.6� 8.6 17.8� 5.1 8.7� 3
TK, 8 19.8� 7.8 20.8� 5.0 22.4� 5
TLJ, 8 �2.1� 6.4 �1.8� 5.9 �1.5� 5
LL, 8 44.8� 6.9 40.7� 4.5 43.2� 2
SVA, 8 �12.5� 21.3 �9.1� 15.3 �7.6� 1

CB¼ coronal balance, Im-post¼ immediate postoperative, IPSS¼ inte
LL¼ lumbar lordosis, MT¼main thoracic, Pre¼ preoperative, PT¼ proxim
axis, TL/L¼ thoracolumbar/lumbar, TLJ¼ thoracolumbar junction, TK¼ t�

Significant difference.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Li et al12 compared the IPSS and consecutive pedicle
screw strategy (CPSS) for the correction of Lenke 1 AIS,
and found that there was no significant difference between
the IPSS and CPSS groups in the correction of the MT (74.7%
vs 74.5%) curve. This group also found significant Cobb angle
correction in pre versus postoperative radiographic outcomes,
with no significant difference between groups. Morr et al21

retrospectively reviewed the use of the SPSS and CPSS for the
correction of Lenke 1 curves, with both methods resulting in
acceptable correction of the MT curve (66.9% vs 66.6% for the
CPSS and SPSS groups, respectively) and spontaneous correc-
tion of the PT (41.5% vs 41.1%) and TL/L curves (54.8% vs
54.3%). Both methods also resulted in excellent coronal correc-
tion and sagittal balance, with no significant differences in
radiographic findings or clinical outcomes. However, we
believe that the CPSS of Li et al’s study is similar to the SPSS
of Morr et al’s study. The CPSS of Li et al’s study was defined
as instrumentation at every level on the concave side of the
curve and at 1 to 3 level intervals on the convex side of the
curve.12 The SPSS of Morr et al’s study was defined as

r junction.
instrumentation at every level on the concave side and the
skipping of levels on the convex side.21 However, the CPSS of
Morr et al’s study was defined as bilateral consecutive pedicle

d Last Follow-up Parameters in IPSS Group

erative Pre vs Im-post Pre vs La-post Im-post vs La-post

.0 <0.001
�

<0.001
�

0.125
.8 <0.001

�
<0.001

�
0.054

.1 <0.001
�

<0.001
�

0.163
.8 0.49 0.008

�
<0.001

�

.5 0.023
�

0.1 <0.001
�

.3 0.61 0.1 0.054

.1 0.835 0.612 0.819

.9 0.037
�

0.323 0.002
�

3.8 0.29 0.441 0.242

rval pedicle screw strategy, La-post¼ last follow-up postoperative,
al thoracic, RSH¼ radiographic shoulder height, SVA¼ sagittal vertical
horacic kyphosis.
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FIGURE 1. Illustrative example of interval instrumentation. A, Preoperative standing coronal radiograph of a 15-year-old female patient
with AIS and a main thoracic (MT) curve of 458 from T5 to T12. The sagittal Cobb angle of thoracic kyphosis (T5 to T12) was 258. B,
Immediate postoperative standing coronal radiograph obtained after application of the interval pedicle screw strategy for correction from

ky
pat
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screw instrumentation.21 Therefore, we consider that Li et al’s
study is essentially a comparison of IPSS and SPSS groups. Our
study found that there was no significant difference between the
IPSS and SPSS groups in correction of the MT curve (70.8% vs
70.0%, respectively). The correction rate of the MT curve in our
study is similar to that of Li et al’s study, but is higher than that
of Morr et al’s study. The correction rate was related to the
curve flexibility. The inclusion criteria for curve flexibility (>
50%) in our study were similar to those in Li et al’s study for the
IPSS and SPSS groups. However, there was no clear cut-off
value for preoperative curve flexibility n Morr et al’s study.

Li et al22 were the first to introduce the KVPSS method for
the treatment of AIS of the MT curve, and his group found that
the KVPSS was a safe and cost-effective method for surgical
treatment of the MT curve in patients with AIS. The immediate
postoperative curve correction rate was 71.2%, and the flexi-
bility rate was 62.2%, as determined using a fulcrum bending
radiograph. There was no significant difference in the Cobb

T5 to T12 shows a 158 MTcurve. The sagittal Cobb angle of thoracic
a 168 MT curve and a 258 thoracic kyphosis. AIS¼ adolescent idio
angle of the MT curve between the immediate and final post-
operative follow-up periods. In our study, the immediate post-
operative correction rate of the MT curve was 64.9% in the

TABLE 6. Comparing Preoperative, Immediate Postoperative, an

Preoperative Immediate Postoperative Final Postop

PT, 8 22.1� 3.8 13.1� 2.2 12.7� 2
MT, 8 50.1� 4.9 15.1� 2.4 16.1� 2
TL/L, 8 23.3� 4.1 12.3� 2.8 13.1� 1
CB, mm 15.2� 6.6 17.7� 7.3 9.5� 2
RSH, mm 14.2� 9.6 15.2� 6.0 9.1� 3
TK, 8 22.9� 6.9 22.5� 3.6 23.5� 5
TLJ, 8 �0.9� 7.5 �1.2� 6.0 �0.7� 6
LL, 8 43.1� 6.0 39.3� 4.1 44.0� 3
SVA, mm �8.9� 20.0 �7.0� 19.5 �6.5� 1

CB¼ coronal balance, Im-post¼ immediate postoperative, La-post¼ las
Pre¼ preoperative, PT¼ proximal thoracic, RSH¼ radiographic shoulder h
axis, TK¼ thoracic kyphosis, TL/L¼ thoracolumbar/lumbar, TLJ¼ thoraco�

Significant difference.

6 | www.md-journal.com
KVPSS group. The curve flexibility rate was 62.4%, as deter-
mined using a supine side-bending radiograph. No significant
change was observed in the Cobb angle of the MT between the
immediate postoperative and final postoperative follow-up
periods. Although both studies used similar pedicle screw
strategies, the correction rates of the MT curve differed. This
discrepancy occurred due to the following 3 reasons: first,
although the 2 flexibility rates were similar, their evaluation
methods were not the same. Therefore, the curve flexibilities
were actually different. Second, different inclusion criteria were
used between the 2 studies. Third, both the pedicle screws and
surgical techniques were different, which could also have led to
the differences in the outcomes between the 2 studies. To
enhance the stability of pedicle screw fixation, we added 1
level bilaterally at the upper and lower ends of the fusion block.
The improvement of the correction rate alone cannot be used to
evaluate the efficacy of the operation. The optimal operative
goals of surgery in AIS are not only to obtain maximum

phosis was 238. After 24 months, a follow-up radiograph (C) shows
hic scoliosis.
correction of the curves but also to achieve a well-balanced
spine. Among the 3 groups assessed in our study, no significant
difference was found in the correction rate of the MT curve

d Last Follow-up Parameters in SPSS Group

erative Pre vs Im-post Pre vs La-post Im-post vs La-post

.0 <0.001
�

<0.001
�

0.439
.1 <0.001

�
<0.001

�
0.056

.7 <0.001
�

<0.001
�

0.237
.9 0.317 0.004

�
<0.001

�

.5 0.657 0.028
�

<0.001
�

.2 0.827 0.736 0.371

.3 0.830 0.893 0.701

.6 0.034
�

0.493 <0.001
�

6.0 0.705 0.654 0.855

t follow-up postoperative, LL¼ lumbar lordosis, MT¼main thoracic,
eight, SPSS¼ skipped pedicle screw strategy, SVA¼ sagittal vertical
lumbar junction.
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FIGURE 2. Illustrative example of skipping instrumentation. A, Preoperative standing coronal radiograph of a 14-year-old female patient
with AIS and a main thoracic (MT) curve of 508 from T5 to T12. The sagittal Cobb angle of thoracic kyphosis (T5 to T12) was 208. B,
Immediate postoperative standing coronal radiograph obtained after application of the skipped pedicle screw strategy for correction from
T5 to T12 shows a 208 (MT) curve. The sagittal Cobb angle of thoracic kyphosis was 128. After 18 months, a follow-up radiograph (C)
shows a 208 MT curve and a 208 thoracic kyphosis.

TABLE 7. Comparing Preoperative, Immediate Postoperative, and Last Follow-up Parameters in KVPSS Group

Preoperative Immediate Postoperative Last Postoperative Pre vs Im-post Pre vs La-post Im-post vs La-post

PT, 8 18.7� 7.0 12.3� 5.6 13.1� 3.4 <0.001
�

0.002
�

0.213
MT, 8 48.4� 6.1 17.0� 3.0 17.6� 2.3 <0.001

�
<0.001

�
0.307

TL/L, 8 23.1� 4.8 13� 3.2 14.4� 1.9 <0.001
�

<0.001
�

0.064
CB, mm 17.3� 6.4 12.9� 5.6 12.1� 4.5 0.085 0.028

�
0.705

RSH, mm 13.3� 6.7 13.9� 6.5 9.4� 2.2 0.801 0.049
�

0.006
�

TK, 8 21.5� 6.5 20.7� 2.7 22.6� 2.8 0.607 0.589 0.055
TLJ, 8 1.4� 6.5 �2.6� 9.4 �1.2� 8.4 0.118 0.231 0.217
LL, 8 41.9� 4.6 42.2� 4.4 43.9� 3.5 0.832 0.093 0.063
SVA, mm �6.2� 15.4 �4� 13.2 �5.4� 11.9 0.089 0.761 0.417

CB¼ coronal balance, Im-post¼ immediate postoperative, La-post¼ last follow-up postoperative, LL¼ lumbar lordosis, MT¼main thoracic,
Pre¼ preoperative, PT¼ proximal thoracic, RSH¼ radiographic shoulder height, SPSS¼ skipped pedicle screw strategy, SVA¼ sagittal vertical
axis, TK, thoracic kyphosis, TL/L¼ thoracolumbar/lumbar, TLJ¼ thoracolumbar junction.�

Significant difference.

FIGURE 3. Illustrative example of key-vertebral instrumentation. A, Preoperative standing coronal radiograph of a 17-year-old male
patient with AIS and a main thoracic (MT) curve of 428 from T5 to T11. The sagittal Cobb angle of thoracic kyphosis (T5 to T12) was 138. B,
Immediate postoperative standing coronal radiograph obtained after application of the key-vertebral pedicle screw strategy for correction
from T5 to T12 shows a 218 (MT) curve. The sagittal Cobb angle of thoracic kyphosis was 158. After 20 months, a follow-up radiograph (C)
shows a 238 MT curve and a 208 thoracic kyphosis.
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between the IPSS and SPSS groups. However, significant
differences were observed between the IPSS and KVPSS groups
and between the SPSS and KVPSS groups. Based on the similar
Cobb angles and preoperative flexibilities of the MT curve, we
believe that the IPSS and SPSS groups might achieve superior
corrective outcomes compared with the KVPSS group. We
found that all 3 construct types provided excellent coronal
and sagittal balance postoperatively. However, there were
significant differences in the NPS and HC among the 3 groups.
The KVPSS was associated with the fewest pedicle screws and
lowest cost for correction in patients with Lenke type 1 AIS.
This finding is very important for developing countries, in
which many patients with AIS lack medical insurance. We
believe that the KVPSS not only achieves satisfactory correc-
tion but also saves operating expenses.

Several scholars have found that high-density thoracic
pedicle screw constructs do not improve coronal and sagittal
curve correction compared with low-density screw fixation.28,29

Clements et al30 have demonstrated a significant correlation
between implant density and structural coronal curve correc-
tion. Chen et al31 have reported that implant density is positively
correlated with TL/L coronal curve correction and that it is not
related to sagittal correction. However, Yang et al32 have
determined that increasing implant density only mildly
improves the correction of the MT curve and that it does not
affect the sagittal profile. In our study, we found that the KVPSS
group had a lower pedicle screw density than the IPSS and SPSS
groups. The correction rate of the MT curve in the KVPSS
group (64.9%) was smaller than those in the IPSS (70.8%) and
SPSS (70.0%) groups. However, there were no significant
differences in the sagittal parameters among the 3 groups during
the immediate postoperative period. We believe that these
effects might influence the correction of the coronal curve
by the KVPSS, but not the sagittal curve. However, further
verification is necessary using biomechanics.

There are some potential limitations to this study. First, this
was a retrospective study, and the patients were not randomized
to the 3 types of pedicle screw fixation for their surgical
procedures. Second, the number of included patients was
relatively small, particularly in the KVPSS group. Third, we
did not assess the degree of apical derotation. Fourth, the
follow-up periods were relatively short, and a study with a
longer follow-up duration is required for more optimal obser-
vations. However, the major strength of this study is that its
pedicle screws were the only method of fixation in every case,
and all surgical procedures were performed by 1 senior surgeon.
Nonetheless, a larger, longer follow-up study is needed to
validate our findings.

CONCLUSIONS
The three pedicle screw strategies for the correction of

spinal deformities in patients with Lenke type 1 AIS are
effective, achieving satisfactory coronal and acceptable sagit-
tal plane results. Although the KVPSS does not provide
superior operative correction compared with the IPSS and
SPSS, it can achieve a satisfactory clinical outcome and is
more cost-effective.
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