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The Effect of Bracing on Spinopelvic Rotation
and Psychosocial Parameters in Adolescents with
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Study Design: Retrospective study.

Purpose: To evaluate the effect of bracing on spinopelvic rotation and psychosocial parameters in adolescents with idiopathic scolio-
sis (AIS).

Overview of Literature: Complex three-dimensional deformity in AlS is proposed to influence the spinopelvic parameters and psy-
chosocial condition in adolescents; however, few studies have quantitatively evaluated these parameters.

Methods: Thirty AIS who were prescribed a brace were included in the study. The patients’ standing postero-anterior and total spine
radiographs were used to measure the primary curve Cobb angle, vertebral rotation, and pelvic rotation. Apical vertebral rotation (AVR),
upper AVR, and lower AVR were measured using the Nash-Moe methad. Pelvic rotation was determined using the left-to-right hemi-
pelvic width ratio. The curve pattern was classified as per the Lenke classification system. In all, 14 patients had a type | curve, five
had type Il, six had type Ill, one had type IV, and four had type V curves. Brace compliance was subjectively evaluated by interviewing
the patients and their parents. The health-related quality of life (HRQOL) and stress level of the recruited patients were assessed us-
ing the Brace Questionnaire and Bad Sobernheim Stress Questionnaire, respectively.

Results: The Cobb angle significantly decreased with at least 6 months of brace use. AVR correction changed significantly; however,
no such results were observed for upper and lower AVR. Pelvic rotation and psychosocial parameters were not significantly affected
by brace use. No statistically significant correlation was observed between brace compliance and curve correction.

Conclusions: The Cobb angle and AVR are crucial measurements that help evaluate the treatment efficacy in AIS with small curves
who undergo brace treatment. HRQOL and pelvic axial rotation are not influenced by the brace treatment.
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Introduction 0.5%-5.2% in adolescents aged 10-16 years old, is defined
as a lateral curvature of the spine combined with axial
Adolescent idiopathic scoliosis (AIS), with a prevalence of vertebral rotation and/or sagittal plane imbalance [1].
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Bracing is the most effective non-operative treatment for
immature adolescents with progressive scoliosis curves.
The results of a multicenter randomized controlled trial
(BrAIST: bracing in adolescent idiopathic scoliosis trial)
showed that bracing had a positive influence on the natu-
ral course of AIS in terms of halting the curve progression
in skeletally immature patients [2].

With respect to non-surgical treatment, frontal plane
deformity has been the primary outcome broadly used by
clinicians or researchers, and less attention has been paid
to rotational components of the deformity [2,3]. Dubous-
set et al. [4] proposed the theory that the pelvis behaves
as a vertebra; therefore, it is likely that scoliosis deformity
involves the pelvis. Gum et al. [5] reported that pelvic
rotations occurred mostly toward the convexity of tho-
racic curves and described the rotations as compensatory
movements of the pelvis. Pelvic rotation has mostly been
mentioned as an independent factor in previous studies
and has been measured pre- and postoperatively [5,6].
Moreover, few studies have quantitatively evaluated the
effect of bracing on axial vertebral rotation in AIS [3,7,8].
Yamane et al. [3] found that in patients with insufficient
vertebral rotation control, the rate of bracing failure in-
creased. The pelvis was not included in the Yamane study;
however, as per the pelvic-vertebra theory that considers
the pelvis as a vertebra [9,10], the behavior of the pelvis
should be considered.

Psychosocial domains, such as stress, self-image, mental
health, functional activity, and depression are also af-
fected by scoliosis [11,12]. Treatment success in scoliosis
depends not only on the radiological assessments, but
is also correlated with the patient’s quality of life [13].
Recent studies have shown that the evaluation of health-
related quality of life (HRQOL) parameters in AIS is as
important as radiological measurements [13,14]. Different
questionnaires have been used to evaluate quality of life
domains; however, among them, the only brace-oriented
instrument is the Brace Questionnaire (BrQ) [15]. AIS
may experience stress at baseline, and the brace treatment
may increase the stress level. The Bad Sobernheim Stress
Questionnaire (BSSQ) has also been developed as a two-
part series of short questions to evaluate the stress level in
AIS [16].

The current study was designed to evaluate the effect of
bracing on less-dealt-with aspects of scoliosis, i.e., axial
vertebrae and pelvic rotation and to determine the cor-
relation between psychosocial parameters in AIS. We

hypothesized that (1) bracing could affect the rotational
parameters caused by scoliosis, and that (2) a positive cor-
relation exists between the domains of the BrQ and BSSQ
and curve correction.

Materials and Methods

This study was approved by the Human Research Ethics
Committee of the Iran University of Medical Sciences (case
no., 1396.9411502003). Written informed consent was ob-
tained from all the patients and their parents before they
were enrolled in the study.

1. Participants

From June 2017 to March 2018, the clinical records of all
AIS who visited the rehabilitation centers in Tehran, Iran
as outpatients for their routine follow-up were retrospec-
tively reviewed. Of these, 146 patients fulfilled the inclu-
sion criteria. Of those who met the criteria, 30 AIS (28
girls and two boys), with a mean age of 13 years agreed
to participate in the study. The inclusion criteria of the
study were as follows: age >10 years at the initiation of
brace treatment, Risser sign <2, an initial Cobb angle of
20°-45°, wearing of the brace for at least 6 months [13]
and for at least 12 hours a day [2], and no previous treat-
ment. Patients with congenital malformation of the spine,
neuromuscular scoliosis, or other musculoskeletal disor-
ders were excluded.

2. Radiological assessments

Out-of-brace postero-anterior, total spine, and standing
radiographs were obtained to measure the parameters of
interest, including (1) the primary curve Cobb angle, (2)
vertebral rotation, and (3) pelvic rotation.

The following three vertebral rotations for three ver-
tebral levels was measured using the Nash-Moe method
[17]: apical vertebral rotation (AVR), upper AVR, and
lower AVR. The Nash-Moe method divides the vertebra
width into six equal parts, and the grade of rotation was
determined by the location of the convex side pedicle (Fig.
1). In the absence of displacement, the vertebra rotation
grade is considered zero.

Pelvic rotation was indirectly calculated as the left-to-
right hemi-pelvic width ratio [5]. The anterior-superior
iliac spine, as a lateral landmark, and the ilium in the
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Fig. 1. lllustration of the hemi-pelvic landmarks (inferior ilium at the
sacroiliac joint, medially, and anterior-superior iliac spine, laterally)
and vertebral rotation measurements.
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Fig. 2. The number of patients in each AVR grade before (initial) and
after (final) orthotic treatment. AVR, apical vertebral rotation.

sacroiliac joint, as a medial landmark, were marked. The
perpendicular linear distance of the two landmarks was
measured on each side (Fig. 2).

Intra- and inter-rater reliability of this method was 0.97
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and 0.88, respectively, as reported by Gum [5]. When the
left-to-right hemi-pelvic width ratio was <1, the pelvis
rotated toward the right, and when this ratio was >1, the
pelvis rotated toward the left.

The Cobb angle was measured using the patients’ pos-
terior standing radiographs. These parameters were mea-
sured from the out-of-brace baseline radiographs and the
patients’ last available radiographs. All the measurements
were performed by two independent raters (Y.K. and T.B.),
and a meeting between these two raters was held to estab-
lish a consensus in case of any discrepancies.

The curve pattern was categorized as per the Lenke clas-
sification system [7]; no special criteria existed in terms of
the curve pattern.

3. Clinical assessments

The Beighton scoring system was used to obtain patients’
ligamentous laxity [18]. This scoring system comprises
five simple clinical maneuvers described below and a
measuring scale ranging from 0 to 9: (1) passive dorsiflex-
ion of the fifth finger is >90°; (2) the thumb shows passive
opposition to the volar aspect of the forearm; (3) elbow
hyperextension is >10°% (4) knee hyperextension is >10°%
and (5) patients place hands flat on the floor without
bending the knees.

Maneuvers 1-4 are completed for both the sides; each
positive test gives 1 point. A total score of >4 is consid-
ered to indicate joint hyper laxity. Moreover, the patient’s
height and weight were measured by an examiner to cal-
culate body mass index.

4. Brace compliance assessments

Brace compliance was subjectively assessed by asking the
patients and their parents the following two questions: (1)
Have you used the brace as prescribed? (2) For how many
hours daily are you using the brace? [14]. The answers
were recorded as number of hours per day.

5. Health-related quality of life assessments

HRQOL and stress levels of the patients were evaluated
using the Persian versions of the Bad Sobernheim Stress
Questionnaire (P-BSSQ) and the Brace Questionnaire
(P-BrQ) [19,20], respectively. Patients were asked to
complete these questionnaires at the final follow-up. The
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P-BSSQ assesses the stress level caused by the treatment
or the deformity. This questionnaire comprises eight ques-
tions about the patient’s feelings about the deformity and
treatment. The patient can score 1-4 for each question,
as described in the guideline introduced by the question-
naire’s developers. Higher scores represent lower stress
attributable to scoliosis or the brace treatment. The P-BrQ
comprises 34 questions in eight domains. The total score
ranges from 20 to 100. Higher scores are considered to
represent better quality of life.

6. Statistical analyses

The data were analyzed using IBM SPSS statistical soft-
ware ver. 22.0 (IBM Corp., Armonk, NY, USA). Assump-
tion of the normality of the data was evaluated using the
Shapiro-Wilk test. All the parameters had normal distri-
bution except brace compliance and vertebral rotation. In
order to compare the mean values of the baseline and the
final Cobb angles, a paired sample t-test was performed.
The Wilcoxon signed-rank test was used to compare the
median values of the baseline and the final AVR, upper
AVR, and lower AVR. The Spearman and Pearson correla-
tion analyses were conducted to establish the relationships
between the stress level and subscales of the P-BrQ, radio-
logic parameters, and clinical parameters of the patients.
All p-values <0.05 were considered to indicate a statisti-
cally significant difference. All the values are reported as
mean and standard deviation.

Results

1. Patient characteristics

Total 30 patients fulfilled the inclusion criteria of the
study. The mean age of the recruited patients at the initial
bracing was 13.1£1.7 years, and the mean initial Cobb
angle was 30.6°+10.3°. As per the Lenke classification sys-
tem, the patients’ curves were categorized into the follow-
ing five types [21]: type I or main thoracic (n=14), type
II or double thoracic (n=5), double thoracic and lumbar
curves or type III (n=6), type IV or thoracolumbar (n=1),
and type V or lumbar (n=4). In this study, one patient
had TLSO, and 29 patients had the Milwaukee brace. The
mean brace-wearing time was 22.4+12 months, and pa-
tients wore the braces for a mean of 19.8+3.9 hours every
day. The body mass index of the included patients was
18.6+1.8 kg/m”. The average score on the Beighton test
was 7x1, demonstrating generalized ligamentous laxity.

2. Comparison of the radiological parameters

The mean differences between the pre-treatment and
post-treatment Cobb angles were statistically significant
(p<0.001) as per the paired sample ¢-test analysis (Table 1).
The Cobb angle was increased in three patients after wear-
ing the brace; for two patients, no difference was noted.
Pelvic rotation was negligible at both, the initial bracing
and at final follow-up (p>0.05).

The initial AVR in 27% of the patients was grade 2; for

Table 1. Mean values and paired sample ¢-test comparison measurement results for the Cobb angle and pelvic rotation before and after the treat-

ment

Pre-treatment

Characteristic

Post-treatment

Cobb angle (°)
Pelvic rotation

30.6+10.6
1.000.1

23.8+9.9 0.00
0.97£0.1 0.35

Values are presented as mean+standard deviation or number (%). All p-values <0.05 were considered statistically significant.

Table 2. Wilcoxon signed-rank test results for the comparison of vertebral rotation grades before and after the treatment

Characteristic Pre-treatment

AVR 2
Upper AVR 1
Lower AVR 1

Post-treatment p-value
1 0.004
1 0.083
1 0.071

All p-values <0.05 were considered statistically significant.
AVR, apical vertebral rotation.
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Table 3. Pearson correlation coefficients of the Persian versions of the BSSQ and the Brace Questionnaire domains

. . Social
i Bodily pain I Total score

School
77.1£11.3

Vitality

=
[<b)
[<b)
i
[72]
[<b]
u
D
197]

Emotional
functioning

functioning

Physical

General
health
63.6+16.5

mean+SD

Variable

70.0£9.6

76.9+17.6

82.8+8.11

56.9+13.8 65.0£20.6 57.6+22.2

69.5+15.6

Mean+SD

12.746.9

BSSQ-brace

-0.03
0.86

-0.25 -0.02 0.00 -0.20 -0.02 0.15 0.04
0.98 0.87 0.41 0.81

0.13
0.46

0.28

0.88

0.17

p-value
BSSQ-deformity

14.1+6.3

0.38
0.03

0.09 0.26 0.21 0.19 0.07 0.16 0.18
0.15 0.24 0.29 0.7 0.37 0.33

0.63

0.06
0.74

All p-values <0.05 were considered statistically significant.

r

p-value

BSSQ, Bad Sobernheim Stress Questionnaire; SD, standard deviation.
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the other patients, the AVR was grade 1. Neutral apical
vertebra (grade 0) was not mentioned at the initial brac-
ing; however, after treatment, it was noted in 17% of the
patients (Fig. 2). From the initiation of brace treatment
to the final follow-up, AVR correction was statistically
significant (p<0.05); however, no such result was obtained
for upper and lower AVR (Table 2). Curve correction,
as measured by the Cobb angle, was better achieved in
patients with more reduction in AVR (p<0.05); however,
curve correction was not significantly correlated with pel-
vic rotation correction (p>0.05).

3. Correlations between the subscales and the total score
of the Persian versions of the Bad Sobernheim Stress
Questionnaire and the Brace Questionnaire

The mean scores of the P-BrQ and the P-BSSQ were
12.746.9 and 14.1+6.3, respectively. The mean total score
of the P-BrQ was 70.0+9.6. Patients with lower deformity-
related stress appeared to have a higher quality of life
(p<0.05) (Table 3). Patients with more reduction in curve
severity were less stressed about their braces (p<0.05,
r=0.37) (Table 4). No statistically significant correlation
existed among ligamentous laxity, brace compliance, body
mass index, and curve correction.

Discussion

Bracing is the most effective non-operative treatment
for AIS, with a great focus on radiologic findings in the
coronal plane parameters [2,22,23]. One of the prognostic
factors for brace effectiveness is in-brace curve correction
[13], a parameter that was statistically significant in the
current study. Vertebral rotation plays a role in AIS patho-
genesis and disregarding it is believed to be related with
brace failure [3]. In the present study, in-brace AVR was
significantly reduced; however, no statistically significant
changes were observed for upper and lower apical verte-
brae. The apical vertebra is the most frontally translated
vertebra, and brace pads are designed and placed based on
the apical vertebra; therefore, antero-medial directed pad
loading of the brace is mostly applied to this region and
achieves higher correction. The results also showed that
the AVR was further reduced in patients with better curve
correction. These findings are consistent with the findings
of Yamane et al. [3] that showed that rotational correction
plays a greater role in the effectiveness of bracing than
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Table 4. Pearson correlation coefficients of curve correction, P-BrQ, and P-BSSQ

Degrees of curve correction P-BrQ total score

r 0.18
p-value 0.32

BSSQ-brace BSSQ-deformity
0.37 0.32
0.04 0.08

All p-values <0.05 were considered statistically significant.

P-BrQ, the Persian version of the Brace Questionnaire; P-BSSQ, the Persian version of the Bad Sobernheim Stress Questionnaire; BSSQ, Bad Sober-

nheim Stress Questionnaire.

Cobb angle correction.

Sagittal and coronal pelvic parameters (pelvic incidence,
sacral slope, and pelvic tilt) are now being considered in
AIS and their treatment protocols [24,25]; however, axial
plane rotations of the pelvis require further research. In
the current study, pelvic axial rotation was comparable
before and after the treatment. To clarify this finding, we
should mention that the initial Cobb angle of the patients
was 30.6°. A previous study by Gum et al. [5] showed a
statistically significant degree of pelvic rotation for severe
curves, with a mean Cobb angle of 61°. Therefore, pelvic
rotation for minor curves that undergo brace treatment
was not statistically significant at pre-treatment, and in-
cluding this parameter in-brace treatment protocols may
not be as necessary as the inclusion of vertebral rotation.
In the current study, most patients had main thoracic
curves. However, the lumbar curves may behave differ-
ently.

In the current study, HRQOL was not statistically
influenced by brace treatment. This may be due to the
patients’ small curve magnitudes at initial bracing. This
finding is supported by previous studies that showed
that bracing did not impact the patient’s psychological
well-being. These studies also showed that patients with
moderate curves who underwent brace treatment had the
same HRQOL score as the healthy control group [26,27].
Participants in the current study had moderate levels of
stress; therefore, the lack of a significant effect on their
HRQOL was acceptable because a positive correlation be-
tween the total score of the P-BrQ and deformity-related
stress demonstrates higher HRQOL resulting from lower
stress levels due to the deformity. Another finding of the
study was a correlation between the Cobb angle correc-
tion and brace-related stress. With continued decrease in
the Cobb angle, the patient will find the brace to be more
effective and become less stressed about the outcome of
bracing.

The outcome of bracing is also influenced by factors,

such as joint laxity, body mass index, and brace compli-
ance [10,14]. The current study showed no significant
correlation between the above parameters and Cobb angle
correction. This may be attributable to assessment meth-
ods that could be under- or over-estimated. Brace com-
pliance was determined subjectively, and joint laxity was
measured with a clinical Beighton test.

To our knowledge, no study has considered vertebrae
and pelvic rotational parameters at the same time during
brace treatment in AIS. However, this study has certain
limitations. First, the lumbar flexibility was not quantita-
tively examined using side-bending radiographs during
the study. In patients with higher lumbar flexibility, the
body mostly tends to compensate for the thoracic curve
in the lumbar area, resulting in less rotation in the pelvis
for the maintenance of body balance, as reported by Wang
et al. [28]. Second, brace compliance can be more accu-
rately measured when registered objectively. The sagittal
orientation of the facet joints in lumbar area block axial
rotation; therefore, the rotational component of scoliosis
in this region may cause more pelvic rotation. Further
research is warranted to investigate the pelvic rotation
parameters in patients who use braces with main lumbar
and thoracolumbar curves

Conclusions

In-brace Cobb angle and AVR degree significantly de-
creased in participants after at least 6 months of brace
wear. Pelvic axial rotation was negligible before and after
orthotic treatment assessments. Curve correction, as mea-
sured with the Cobb angle, was better achieved in patients
with more reduction in AVR. Deformity did not induce
stress in the participants, and the HRQOL was not signifi-
cantly influenced by brace treatment. Thus, apex vertebral
rotation deserves more attention in orthotic treatment of
AIS.
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