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Abstract: The primary aim was to compare postoperative radio-

graphic outcomes between sexes among adolescent idiopathic scoliosis

(AIS) patients. A total of 162 AIS patients (42 males and 120 females)

undergoing pedicle screw instrumentation and posterior fusion were

included. Coronal and sagittal curves and flexibilities were measured

and calculated. The postoperative correction rate (CR), fulcrum bending

correction index (FBCI), and Cincinnati correction index were eval-

uated to compare the surgical benefits between sexes.

Males were older (16.79 vs 14.79 years, respectively; P< 0.01) and

had stiffer curves than females (lateral bending flexibility percentage:

47.77 vs 52.57, respectively, P¼ 0.21; traction flexibility percentage:

35.48 vs 36.98, respectively, P¼ 0.98; fulcrum bending flexibility

percentage: 56.13 vs 66.57, respectively, P< 0.05). Males and females

exhibited similar Lenke classification schemes (P¼ 0.72), but had

different Risser signs (P< 0.01). Although males had greater post-

operative curves (20.818 vs 16.838, respectively; P¼ 0.009), no obvious

differences in the CRs were noted between males and females (FBCI:

145.20% vs 108.37%, respectively; P¼ 0.92). Smaller preoperative

lumbar lordosis was noted in males than in females (40.058 vs

45.728, respectively; P¼ 0.03), yet no statistically significant differ-

ences in the preoperative and postoperative sagittal curves were

observed between the sexes. In conclusion, considering the preoperative

flexibilities, the 2 sexes achieved comparable surgical benefits without

sacrificing the sagittal balance.

(Medicine 94(41):e1616)

Abbreviations: AIS = adolescent idiopathic scoliosis, CCI =
d Ming Li, MD

INTRODUCTION

A dolescent idiopathic scoliosis (AIS) is defined as a coronal
curvature exceeding 108 on an anteroposterior x-ray image,

without any specific etiology, and is one of the most common
diseases among children. It is reported that the incidence rate is
approximately 0.70% to 1.44% in Mainland China1,2 and 0.47%
to 5.2% worldwide.3,4 Sexual dimorphism has been discovered
in the course of AIS. The female-to-male ratio is at least 1.5:1
and rises substantially with increased age and Cobb angle.5 In
particular, the ratio rises from 2.7 to 8.1 as the Cobb angle
increases from 108 to 308.4 Curve types also differ between
sexes. Males have more major thoracic curves, fewer C-modi-
fiers, and less apical lumbar translation in Lenke classification.6

Males usually present with older age and less flexibility,7,8 and
sex might not have as much influence on flexibility as age and
the Cobb angle.9 In addition, bracing, which has been shown to
be notably effective as a conservative treatment,10,11 was found
to be less effective in males compared with female patients.12

However, few studies have focused on the surgical outcomes of
AIS patients.

Whether there are sex differences regarding these surgical
outcomes remains unclear. Sucato13 performed the first retro-
spective study that focused on radiographic differences after
surgery between the sexes. It was found that compared with
females, males had larger preoperative primary curves but
similar flexibility, in addition to greater postoperative primary
curves and a lower correction rate (CR). In a subsequent paired
study, although exhibiting similar preoperative primary curves
and flexibilities, males had a poorer CR, indicating that sex
might affect the surgical outcomes of AIS patients. Ameri14

showed similar findings, but with less flexibility in males.
However, no statistically significant differences in the CR were
noted in subsequent matched comparisons. Other evidence has
failed to verify sex differences in the surgical outcomes of AIS
patients. Marks8 conducted a multicenter study including 449
females and 98 males. Males presented with similar primary
curves but less flexibility. However, no differences in the
postoperative CR or the Cincinnati correction index (CCI) were
found between sexes. In a nationwide survey investigating
postoperative complications, Patil found that more males
experienced in-hospital complications and that the in-hospital
death rate was 3 times higher in males.15 Therefore, it remains
to be further explored whether males could derive the same
surgical benefits as females.

Flexibility could greatly affect the correction results in AIS
patients. It has been shown that fulcrum bending film and lateral
bending film could effectively predict the coronal Cobb angle
after surgery.16–20 The fulcrum bending correction index
(FBCI) and CCI have been demonstrated to have valid
g radiographic outcomes.17,18,21,22 In
noted that when the CR is used and

age, a small change in the measurement
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will result in a great change in the CR. Therefore, preoperative
flexibility should be considered when evaluating surgical out-
comes. The primary aim of the present study was to compare
radiological outcomes between the sexes among AIS patients.

MATERIALS AND METHODS

Settings and Patient Population
This was a retrospective investigation of all of the con-

secutive AIS patients undergoing posterior pedicle screw instru-
mentation at a single spine center from June 2009 to June 2014.
The inclusion criteria were adolescent patients requiring a
stage-one posterior procedure. The exclusion criteria were
congenital scoliosis and suspected neuromuscular scoliosis.
Patients with revision surgery or additional flexibility-modify-
ing surgery were also excluded. In all, 268 AIS patients met the
inclusion criteria, 65 of whom underwent other procedures for
correction of deformity, 25 of whom were lost to follow-up, 8 of
whom were not followed up to 3 months, and 8 of whom
underwent revision surgery. A total of 162 patients were thus
included in the present study. All of the patients underwent
pedicle screw instrumentation and posterior fusion by 1 senior
surgeon (ML). The specific pedicle screw instrumentation
system used was the Moss-Miami system (DePuy Spine, Rayn-
ham, MA). The fusion levels were chosen according to the
recommendations proposed by Lenke et al.23,24 The study was
approved by the local ethics committee.

According to the Lenke classification scheme,23 there were
89 patients with a Lenke 1 curve, 19 patients with a Lenke 2
curve, 13 patients with a Lenke 3 curve, 3 patients with a Lenke
4 curve, 30 patients with a Lenke 5 curve, and 9 patients with a
Lenke 6 curve. The Risser sign was used to assess bone
maturity. There were 14 patients with a Risser sign of 0, 6
patients with a Risser sign of 1, 16 patients with a Risser sign of
2, 36 patients with a Risser sign of 3, 69 patients with a Risser of
sign 4, and 21 patients with a Risser sign of 5.

Clinical and Radiographic Assessment
All of the demographic data were retrieved from the

medical records. Radiographic measurements were performed
on scanned radiographs. Blood loss and blood transfusion
during the perioperative period as well as major complications
were recorded. Films were measured using a standard technique
and were obtained from long-cassette radiographs during the
preoperative period and follow-up radiographs during the post-
operative period (3 months). An experienced spine surgeon
(YB) reviewed the medical records and plain radiographs of all
of the patients. Coronary flexibility was assessed based on
bending radiographs, traction radiographs, and fulcrum bending
radiographs. Lateral bending radiographs were performed by
asking patients to maximally bend while in the supine position.
Fulcrum bending films were obtained according to the protocol
of Cheung and Luk.16,17 The thoracic fulcrum was placed at the
rib of the corresponding apical vertebra, with the shoulder away
from the table. In patients with lumbar curves, fulcrums were
placed at the apical vertebra, with the pelvis away from the
table. Supine traction films were measured according to the
Takahashi method.25 Although the patient was supine, the
traction rope was placed around the lower jaw and occiput,
and the caudal traction rope was placed around the pelvis; the

Xu et al
traction force was set as half of the body weight, with 30 kg as
the maximum. The Cobb angle was measured in pre- and
postoperative posterior-anterior; lateral standing radiographs;
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and preoperative supine lateral bending, supine traction, and
fulcrum bending radiographs.

The CR, lateral bending flexibility (LBF), supine traction
bending flexibility, fulcrum bending flexibility (FBF), FBCI,
and CCI were calculated as follows:

Correction rate ðCR%Þ

¼ Preoperative angle� postoperative angle

Preoperative main Cobb angle
� 100

Lateral bending flexibilityðLBF%Þ

¼ Preoperative angle� Lateral bending angle

Preoperative main Cobb angle
� 100

Traction flexibilityðTF%Þ

¼ Preoperative angle�Traction bending angle

Preoperative main Cobb angle
� 100

Fulcrum bending flexibilityðFBF%Þ

¼ Preoperative angle� Fulcrum bending angle

Preoperative main Cobb angle
� 100

Fulcrum bending correction index ðFBCI%Þ

¼ Correction rate

FBF

Cincinnati correction index ðCCI%Þ ¼ Correction rate

LBF

Statistical Analysis
Statistical analysis was performed using SPSS 16.0 soft-

ware (SPSS, Inc, Chicago, IL) and SAS 9.1.3 (SAS Institute,
Cary, NC). Descriptive data are presented as the mean and
standard deviation for quantitative variables and as the median
for qualitative variables. An independent-sample t test was used
to compare preoperative radiographic outcomes between males
and females if homogeneity of variance was obtained. Other-
wise, the Wilcoxon signed-rank sum test was used. Both a t test
and analysis of covariance were conducted to compare post-
operative radiographic outcomes. The CR, FBCI, and CCI were
compared using the Wilcoxon signed-rank sum test. Lenke-type
classification and the Risser sign distribution were analyzed
using the Cochran–Mantel–Haenszel (CMH) test via SAS.
Statistical significance was defined as a P value <0.05.

RESULTS
A total of 162 patients were included in the study, with 42

males and 120 females. All of the patients were from Mainland
China. Most of the patients (156/162) were of Han descent. The

Medicine � Volume 94, Number 41, October 2015
males were significantly older than the females (16.79 vs 14.79
years, respectively; P< 0.01). Males and females demonstrated
similar flexibility, with the exception of lower FBF in males

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



TABLE 1. Preoperative Characteristics of AIS Patients

MaleþFemale (Mean�SD) Male (Mean�SD) Female (Mean�SD) P

Age, y 15.31� 2.85 16.79� 4.00 14.79� 2.09 <0.01
Main curve 51.77� 14.43 52.45� 15.56 51.53� 14.07 0.72
T5-T12 21.26� 13.93 24.43� 14.87 20.20� 13.50 0.10
T11-L2 9.98� 8.82 11.98� 110.46 9.32� 8.14 0.10
L1-S1 44.35� 13.64 40.05� 13.57 45.72� 13.44 0.03
LBF% 51.31� 21.32 47.77� 20.71 52.57� 21.48 0.21
TF% 36.59� 16.11 35.48� 16.81 36.98� 15.92 0.63
FBF% 64.36� 22.32 56.13� 26.45 66.57� 20.70 0.05

FBF¼ fulcrum bending flexibility, LBF¼ lateral bending flexibility, TF¼ traction flexibility. Cobb of main curve is from anterior-posterior
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than in females (LBF%, 47.77 vs 52.57, respectively, P¼ 0.21;
TF%, 35.48 vs 36.98, respectively, P¼ 0.98; FBF%, 56.13 vs
66.57, respectively, P< 0.05; Table 1). No significant differ-
ences were found in the Lenke classification schemes between
males and females, with Lenke 1 accounting for the highest
percentages (60% vs 53%, respectively) and Lenke 4 account-
ing for the lowest percentages (0% vs 3%, respectively;
Table 2). Thoracic curves were dominant in both males and
females (83% vs 73%, respectively). Overall differences were
noted in the Risser sign analysis (P< 0.01 for the CMH test;
Table 2). It was demonstrated that more males than females had
mature bones (25% vs 9%, respectively). However, fewer males
were found to have ceased progression of scoliosis compared
with females (25% vs 53%, respectively).

During surgery, males were prone to losing more blood
than females (857 vs 607 mL, respectively; P< 0.05; Table 3).
However, the amount of blood transfusion was similar in males
and females (685 vs 673 mL, respectively; P¼ 0.91). No
mortality or revision surgeries were recorded.

Preoperatively, males and females had similarly sized

radiograph. Cobb of kyphosis is from lateral radiograph. P< 0.05.
main curves (52.458 vs 51.538, respectively; P¼ 0.72;
Table 1). However, greater mean main curves were noted for
males than for females after surgery (20.818 vs 16.838,

TABLE 2. Lenke Classification and Risser Sign in Male and
Female AIS Patients

MaleþFemale
(N)

Male
(N)

Female
(N) P

Lenke
Lenke 1 89 25 63 0.72
Lenke 2 19 6 13
Lenke 3 13 4 9
Lenke 4 3 0 3
Lenke 5 30 3 27
Lenke 6 9 4 5
Risser sign
Risser 0 14 2 12 <0.01
Risser 1 6 1 5
Risser 2 16 1 15
Risser 3 36 11 25
Risser 4 69 17 52
Risser 5 21 10 11

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
respectively; P¼ 0.05). Analysis of covariance also revealed
a statistically significant difference in the postoperative main
curve between males and females (P¼ 0.009). CR analysis
showed that males had a poorer CR than females (61.36% vs
66.85%, respectively; P¼ 0.007; see representative pre-/post-
operative AP films, with Figure 1A and B for a male patient and
Figure 2A and B for a female patient). However, when flexi-
bility was considered, no obvious differences were observed
because both the FBCI and the CCI were comparable between
males and females (FBCI%, 145.20 vs 108.37, respectively,
P¼ 0.60; CCI%, 170.03 vs 149.43, respectively, P¼ 0.28;
Table 4).

Males had nonsignificantly larger curves in preoperative
and postoperative thoracic kyphosis and thoracolumbar lordosis
while having significantly smaller preoperative lumbar lordosis
(Table 1). Postoperatively, a t test revealed that males had
smaller lumbar lordosis than females (34.088 vs 38.538, respect-
ively; P¼ 0.03). However, analysis of covariance showed no
statistically significant differences (P¼ 0.27) in the preopera-
tive and postoperative changes between males and females
when the preoperative Cobb angle imbalance was controlled
(Table 4).

DISCUSSION
Whether males can achieve similar surgical outcomes has

attracted growing interest from surgeons because of sexual
dimorphism in the course of AIS.6,8,13,14,26,27 Although numer-
ous studies have focused on the evaluation of surgical outcomes
and relevant factors affecting surgical correction,28–30 few have
paid attention to sex differences. It has been noted that males
present with older age, stiffer curves, and poorer brace treatment
results.8,12,13,14,26 Therefore, speculation that males achieve a
lower CR in the course of scoliosis has naturally arisen. Indeed,

Sucato and Ameri found that males presented with larger main
curves and achieved a poorer CR than females.13,14 However,
other studies failed to replicate these results.8,26 In the present

TABLE 3. Comparison of Blood Loss and Transfusion After
Surgery Between Sex

Male Female P

Blood loss, mL 857.14� 484.71 607.14� 328.71 0.02
Blood transfusion, mL 685.71� 195.56 673.65� 391.93 0.91

www.md-journal.com | 3
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study, it was demonstrated that males had larger postoperative
main curves than females, although they derived similar surgi-
cal benefits when assessed via a correction index.

In our study, males presented with older age, as described
in other studies.8,13,14 Lenke classification analysis revealed
that the main thoracic curves were prevalent in both sexes and
that triple major curves were the least prevalent. Differences in
bone maturity were noted between the sexes. Males were found
to have more Risser sign 5 than females, indicating that males
presented with more mature bones. However, more males than
females were found to have scoliosis progression; studies have
found that scoliosis ceases to progress in females once Risser 4
is reached, whereas in males, Risser 5 must be reached. Marks
also found that the 2 sexes had similar Lenke classification
schemes, whereas Ameri and Helenius used the King classifi-
cation system.

Compared with females, males had similarly sized main
curves as well as thoracic kyphosis and thoracolumbar curves;
however, males had smaller lumbar lordosis. These results were
similar to those of the Marks study,8 with the main curves being
approximately 508. However, Sucato and Ameri both found that

FIGURE 1. Representative pre-/postoperative AP films of a male pa
Cobb angle is 108 (B).
males presented with a larger Cobb angle before surgery, with
mean Cobb angles >608 13,14 (Table 5). Owing to the relatively
small number of patients in the Sucato and Ameri studies, it is

4 | www.md-journal.com
reasonable to believe that males could present with similar
Cobb angles to those of females before surgery. The cause of the
difference may be partly that parents pay more attention to their
children’s appearance now than they did 10 years ago. There-
fore, parents will take their children to the hospital as soon as
they identify any imbalance in the spine.3,4

Flexibilities were thoroughly evaluated before surgery.
Lateral bending films, traction films, and fulcrum bending films
were used. In lateral bending films and traction films, males and
females demonstrated similar flexibilities. However, in fulcrum
bending films, males showed poorer flexibility than females.
Sucato, Marks, Helenius, and Ameri only used lateral bending
films to test flexibility.8,13,14,32 Sucato found that males and
females had similar flexibilities, whereas Helenius, Marks, and
Ameri found that males had significantly stiffer curves com-
pared with females. Ameri reported poorer flexibility, and the
present study reported greater flexibility.14 The cause of the
difference may be that most patients had larger curves in the
Ameri study and smaller curves in the present study. In addition,
the patients included in the Ameri study were older than those in
other studies. Studies have found that flexibility is closely

nt. The preoperative Cobb angle is 428 (A), and the postoperative
associated with the Cobb angle and age in AIS patients.7–9

Fulcrum bending films have been shown to be superior in
predicting the postoperative Cobb angle and CR, which are

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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also 2 of the key factors in determining the surgical strategies
for thoracic curve patients.16–18 Recently, it has been demon-
strated that fulcrum bending films have a similar predictive
effect in patients with lumbar and superior thoracic curves.21

Therefore, it is necessary to use fulcrum bending films in
evaluating flexibility in AIS patients.

FIGURE 2. Representative pre-/postoperative AP films of a female p
Cobb angle is 88 (B).
In the present study, it was discovered that males had
greater main curves after surgery, indicating that males might
derive limited benefits from surgery compared with females.

TABLE 4. Postoperative Characteristics of AIS Patients Between S

Postsurgery MaleþFemale (MeanþSD) Male (MeanþSD

Main curve 17.86� 11.38 20.81� 11.09
T5-T12 18.30� 8.00 19.20� 9.22
T11-L2 8.53� 5.70 9.58� 6.05
L1-S1 37.46� 11.27 34.08� 11.94
CR 66.85� 14.21 61.36� 15.79
CCI 164.62� 137.02 149.43� 368.44
FBCI 118.83� 60.76 145.20� 99.45

CCI¼Cincinnati correction index, CR¼ correction rate, FBCI¼ fulcrum
radiograph. Cobb of kyphosis is from lateral radiograph.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Similar results were found in other studies.8,13,14 Males had
curves that were 58 to 108 larger on average than those of
females after surgery, regardless of whether they had similar
curve sizes before surgery. However, in a multicenter study,
similarly sized main curves were found in the 2 sexes after
surgery.8 To control for the differences between preoperative

nt. The preoperative Cobb angle is 458 (A), and the postoperative
main curves, both Sucato and Ameri conducted a paired study to
eliminate the preoperative differences.13,14 However, Sucato
found a poorer CR in males, whereas Ameri failed to discover

ex

) Female (MeanþSD) t Test Covariance Analysis

16.83� 11.34 0.05 0.009
18.00� 7.58 0.46 0.83
8.18� 5.55 0.18 0.25

38.53� 10.88 0.03 0.27
68.77� 13.15 0.007 –

170.03� 154.14 0.92 –
108.37� 31.19 0.60 –

bending correction index. Cobb of main curve is from anterior-posterior
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any differences after surgery when controlling for the main
curve. The cause of the difference may be that flexibility and
surgical techniques essentially influence the surgical outcomes.
In the Sucato study,13 males and females demonstrated similar
flexibility, whereas males had stiffer curves in the Ameri study
14 (Table 5). Marks found that males and females could benefit
from a similar surgical correction effect when the CR was used.8

However, other studies found that the CR in males was 5% to
10% lower than that in females.

In our study, males derived similar surgical benefits. No
statistically significant differences were observed regarding
the correction indexes (FBCI, 145.20 vs 108.37, P¼ 0.60; CCI,
155.50 vs 148.92, P¼ 0.28). Lateral bending film was designed
to assess spinal flexibility to predict the correction achieved by
Harrington instrumentation. It has a limited ability to reflect the
outcomes of the modern segmental spinal instrumentation
commonly used today.19,31 The FBCI has been demonstrated
to have superior advantages in assessing thoracic curves, with
similar results in lumbar curve patients.21 Therefore, males and
females derived comparable benefits from surgery in the
present study. This finding may be attributable to the pedicle
screw instrumentation used in our study, which offers an
enhanced three-dimensional deformity correction and pre-
serves motion segments,32,33 as popularized by Roy-Camille
et al.34 Systematic reviews have concluded that pedicle screw
instrumentation yields a significantly larger percentage of
angle correction than hooks and hybrid instrumentation.35,36

It should be noted that different surgical strategies were used in
the above-mentioned studies,8,13,14 which may have signifi-
cantly affected the surgical outcomes. In addition, cumulative
surgical experience is an important factor influencing surgical
outcomes, as evidenced by lower complication rates today than
10 to 20 years ago.15,37

In addition, no loss of sagittal balance was noticed in the
present study, indicating that pedicle screw instrumentation did
not endanger the stability of the spine. There were no statisti-
cally significant differences in thoracic kyphosis or lumbar
lordosis between sexes. Sucato also noted that males and
females had similar acceptable thoracic kyphosis and lumbar
lordosis before and after surgery.13 Marks and Ameri did not
report sagittal balance before and after surgery. It should be
noted that the CR is not improved at the expense of sagittal
balance. Although minimal loss of thoracic kyphosis and lum-
bar lordosis was noted after surgery (kyphosis, 21.268 vs 18.308
pre- and postsurgery, respectively; lordosis, 44.358 vs 37.468
pre- and postsurgery, respectively), both postoperative kyphosis
and lordosis had normal values (kyphosis, 108–408; lordosis,
208–608), without endangering sagittal balance.23,38 Mean-
while, the thoracolumbar curve was also in the normal range,
with mean values of <108 in both sexes, indicating no obvious
imbalance in the thoracolumbar area.23

Our findings may serve as a valuable reference for clinical
practice. Although males may present with older age, stiffer
curves and higher Risser signs, they can derive similar surgical
benefits as females. Posterior pedicle screw instrumentation is
an effective surgical procedure for correction of deformity in
both male and female AIS patients. Our results suggest that
correction indexes (the FBCI and CCI) are effective for asses-
sing surgical outcomes compared with the CR. Although in
certain male cases, the postoperative Cobb angle may be larger
than that in female counterparts, males can achieve comparable

Medicine � Volume 94, Number 41, October 2015
surgical benefits because of their stiffer curves. The FBCI and
CCI are effective parameters for assessing the surgical out-
comes of deformity correction.

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



There were several advantages of the present study. First,
the subjects were homogeneous because all of the patients
underwent modern posterior pedicle screw instrumentation
under the guidance of Lenke strategies,23,27 whereas other
studies included patients who had undergone different surgical
procedures, such as posterior or anterior instrumentation, Har-
rington instrumentation, and Texas Scottish Rite Hospital
instrumentation. A lack of such homogeneity would add another
important compounding factor to the surgical results, beyond
sex and flexibility.8,13,14 Second, appropriate statistical analysis
methods were used in the present study. Analysis of covariance
was used to examine the postoperative Cobb angle because the
preoperative Cobb angle can significantly affect the postopera-
tive Cobb angle. Although a t test was used in the Sucato study13

and nonparametric analysis was used in the Marks8 and Ameri14

studies, not all of the studies excluded the effect of the pre-
operative Cobb angle. For example, in the present study, a t test
revealed statistically significant differences in lumbar lordosis
between sexes, whereas analysis of covariance showed no
difference between the sexes after controlling for preexisting
differences. Therefore, it is more appropriate to use analysis of
covariance for postoperative parameters. In addition, the CMH
test was used to test the differences in Lenke classification and
Risser sign distribution in the present study, whereas other
studies failed to use reasonable statistical methods to test the
differences.8,13,14 More importantly, correction indexes, rather
than the CR, were used in the present study. The FBCI and CCI
were shown to be effective and consistent in assessing surgical
outcomes. In addition, fulcrum bending films can better predict
the postoperative Cobb angle after surgery.17,18,21,22

The limitations of this study were relatively few compared
with those in the Marks study. However, the Marks study
enrolled more patients than other studies did,13,14 indicating
that the results were reliable. In addition, there may be rater bias
when measuring the Cobb angles of x-ray films.

In conclusion, males and females achieve comparable
surgical benefits without sacrificing the sagittal balance. In
addition, males have a greater main curve size after surgery
than females. However, the preoperative sex differences do
not compromise the radiological outcomes of pedicle screw
treatment.
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20. Debanné P, Pazos V, Labelle H, et al. Evaluation of reducibility of

trunk asymmetry in lateral bending. Stud Health Technol Inform.

2010;158:72–77.

21. Vora V, Crawford A, Babekhir N, et al. A pedicle screw construct

gives an enhanced posterior correction of adolescent idiopathic

scoliosis when compared with other constructs: myth or reality.

Spine (Phila Pa 1976). 2007;32:1869–1874.

22. Li J, Dumonski ML, Samartzis D, et al. Coronal deformity

correction in adolescent idiopathic scoliosis patients using the

fulcrum-bending radiograph: a prospective comparative analysis of

the proximal thoracic, main thoracic, and thoracolumbar/lumbar

curves. Eur Spine J. 2011;20:105–111.

23. Lenke LG, Betz RR, Harms J, et al. Adolescent idiopathic scoliosis:

a new classification to determine extent of spinal arthrodesis. J Bone

Joint Surg Am. 2001;83-A:1169–1181.

24. Lenke LG, Betz RR, Clements D, et al. Curve prevalence of a new

classification of operative adolescent idiopathic scoliosis: does

classification correlate with treatment? Spine (Phila Pa 1976).

2002;27:604–611.
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