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Abstract

BACKGROUND: Achieving maximum correction at the beginning of brace treatment in AIS is the only factor that
can be controlled by the bracing provider if we have a better understanding of the prognostics and factors associated
with achieving in-brace correction.

AIM: The present study aimed to evaluate in-brace correction in a cohort of AIS patients who were treated by full-time
bracing with plastic molded thoracolumbosacral spinal orthosis (TLSO).

METHODS: This study was a retrospective and descriptive study. We screened data from the medical records of
individuals with AIS who receiving full-time braces treatment from our orthotic clinic from January 2017 to December
2021. Demographic data including age, gender, weight, height, and body mass index (BMI) were recorded. Cobb angle,
Risser sign, and curve type were determined using pre- and post-brace standing post-eroanterior (PA) radiographs.
Correlation and the mean difference analysis was performed to investigate in-brace correction with associated factors.

RESULTS: We included 91 patients’ data and radiographic images with AIS, with seven (7.69%) boys and
84 (92.31%). The overall mean Cobb angle was 32.9 + 8.5°, and during brace treatment, it was 22.5 + 11.5°. There
was a significant mean difference in the mean Cobb angle before and in-brace (p < 0.001). The overall mean in-brace
correction in the study was 34.1 + 22.7%. Initial Cobb angle and BMI were found to be significantly negatively
associated with in-brace correction with a Pearson coefficient of -0.49 and -0.24, respectively.

CONCLUSION: The mean of first in-brace correction TLSO was 34.1% from the initial Cobb angle. There was no
difference in in-brace correction between curve types. There was a significant Cobb angle changed before and
in-brace radiograph. We found that in-brace correction was significantly associated with initial Cobb angle and BMI.

Introduction

Adolescent idiopathic scoliosis (AIS) is a spinal
deformity that affects children between the ages of 10
and 18. The cause of AIS is unknown. It is defined
simply by a lateral spine curvature <10° away from
the coronal plane [1]. In addition, other planes of spine
deformity, such as hyperlordosis in the sagittal plane
and vertebral rotation in the transverse plane, might be
detected [2]. Globally, AlS affects between 2% and 8%
of adolescents aged 10 to 16, where females are more
likely to get AIS than males [3], [4].

The treatment of AIS is either conservative
or surgery. The scoliosis research society (SRS)
suggested that patients with a Cobb angle of 20-40°
with a remaining growth period can be prescribed for
bracing where the Cobb angle is over 45° for surgical
consideration [5]. Untreated AlS might cause the curve
to develop beyond 60°, which could result in severe
back pain and appearance problems [6]. Therefore,

the main goal of conservative treatment is to keep
the curve from growing to the point where surgery is
needed during the growth period.

A plastic molded thoracolumbosacral orthosis
(TLSO) is a common brace type to be prescribed
in full-time usage for AIS patients. There has been a
long debate about its effectiveness due to insufficient
evidence for bracing in AlS. However, a clinical trial in
bracing for AlS confirmed the benefit of full-time bracing
in significantly lowering the risk of curve progression in
AIS [4]. This efficacy of bracing was strengthened by
a meta-analysis study by Zhang in 2019 [7], which
found that bracing in AIS was effective and safe over
the observation. This evidence makes bracing become
a primary conservative treatment in AIS for mild-to-
moderate curvature at this time.

The successful outcome of bracing in AIS can
be influenced by several factors [8], [9], [10]. From
the current literature review study, in-brace correction
and compliance were found to be important factors
in brace outcomes in AIS [8]. From these two factors,
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achieving maximum correction at the beginning of brace
treatment is the only factor that can be controlled by the
bracing provider if we have a better understanding of
the prognostics and factors associated with achieving
in-brace correction. Meanwhile, compliance mostly
depends on a patient's motivation and ability to
understand the importance of bracing. Therefore, the
evaluation of in-brace correction is an essential aspect
for brace providers to improve brace treatment and
provide the maximum in-brace correction that AIS
patients can achieve with bracing.

The present study aimed to evaluate in-brace
correction in a cohort of AIS patients who were treated
by full-time bracing with TLSO in the orthotic clinic at
King Chulalongkorn Memorial Hospital (KCMH). The
result of this first brace correction was compared to
the recommended amount of in-brace correction from
the previous literatures.

Materials and Methods

This study was a retrospective and descriptive
study. We screened medical records of individuals
with AIS between January 2017 and December 2021,
who had been receiving full-time brace treatment from
Orthotic Clinic. Of total 125 patients, 91 patients were
included for analysis. The study population ranged in
age from 10 to 18 years; the Cobb angle was equal to
or >20°, and the complete radiograph data set included
a post-eroanterior standing radiograph and an in-brace
radiograph with no prior treatment. AIS patients with
additional secondary diseases and poor radiographic
imaging were excluded from screening. Demographic
data included age, gender, weight, height, and body
mass index (BMI). Cobb angle, Risser sign, and curve
type were determined using pre- and post-brace
standing post-eroanterior (PA) radiographs. The curve
type in the study only included the major curve from
each patient. The in-brace correction was calculated as
the percent difference between the Cobb angle before
brace and the side bending radiograph for in-brace
correction, divided by the Cobb angle before brace.
This study was approved by Institutional Review Board
(IRB) of Chulalongkorn University Faculty of Medicine.

Statistical analysis

Descriptive data were presented in the form
of mean * standard deviation (SD) for continuous data
with a normal distribution, the median (IQR) for non-
normal distribution, and the number (percentage) for
categorical data. The association between in-brace
correction and associated factors was investigated
using Pearson’s correlation. The mean difference
was analyzed by a paired t-test. The mean difference

across binary variables was assessed by the Wilcoxon
signed-rank test. The difference between the mean
of the Cobb angle and the in-brace correction across
categorical variables was assessed using one-way
ANOVA for normal distribution data and Kruskal-Wallis
for non-normal distribution data. Statistical significance
was defined as p < 0.05. The statistical analysis was
performed using the STATA version 14.1 software
(College Station, TX, USA).

Results

The study included 91 patients’ data and
radiographic images, with seven (7.69%) boys and
84 (92.31%) girls diagnosed with AIS and treated with
bracing as the primary treatment. Table 1 describes
the demographic characteristics data of included
patients in the study. The mean age of patients
was 12.95 + 1.23 years. The mean weight was
46.30 £ 7.67 kg, and the mean height was 157 £ 8.10 cm.
The mean BMI was 18.72 + 2.48 kg/m® during the
initial brace treatment. Twelve (14.63%) patients had
Risser sign 0, 38 (41.76%) patients had Risser sign
1, and 41 (45.05%) patients had Risser sign 2. Of the
91 patients, 40 (42.12%) had thoracic, 28 (30.77%) had
thoracolumbar, and 23 (25.27%) had lumbar curves.

Table 1: Demographic of patients in the study

Variable Sample (n =91)
Age (years) 12.95+1.23
Sex

Boy 7 (7.69)

Girl 84 (92.31)
Weight (kg) 46.30 + 7.67
Height (cm) 157.08 £ 8.10
BMI (kg/m?) 18.72 £2.48
Risser sign

0 12 (13.19)

1 38 (41.76)

2 41 (45.05)
Curve type

Thoracic
Thoracolumbar
Lumbar
Data are presented as mean + SD or numbers (%).

40 (43.96)
28 (30.77)
23 (25.27)

The distribution of Cobb angle before brace
treatment, in-brace treatment, and in-brace correction
is described in Table 2. Before brace treatment,
the overall mean Cobb angle was 32.9 + 8.5°, and
during brace treatment, it was 22.5 + 11.5°. There
was a significant mean difference in the mean Cobb
angle before and in-brace (p < 0.001). There was no
statistically significant mean difference in Cobb angle
before brace and in-brace across curve types with

Table 2: Distribution of Cobb angle and in-brace correction
across curve types

Curve types Cobb angle (°) In-brace
Before brace  In-brace Mean difference  correction (%)

All curve (91) 329+85 225+115 103+6.1* 34.1+227

Thoracic (40) 33.0+94 235+116 95+54* 31.5+21.2

Thoracolumbar (28) 33.1+6.6 226+100 10.5+6.4* 33.4+220

Lumbar (23) 32.3+93 208+132 11.4+7.2* 39.6 +28.6

P 0.126 0.378 0.314 0.128

Data are presented as mean + SD. *p-value < 0.001.
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p =0.126 and p = 0.378, respectively. The overall mean
in-brace correction in the study was 34.4 + 22.6%. No
meaningful difference in in-brace correction was found
across the curve types (p > 0.05).

The association between in-brace correction
and clinical information was analyzed with Pearson’s
correlation as shown in Table 3. There was a negative
significant association between in-brace correction and
initial Cobb angle (r = —0.49), weight (r = -0.28), and
BMI (r = -0.24). No significant association was found
between in-brace correction and age (r =-0.07), gender
(r=-0.001), and height (r = -0.14).

Table 3: Correlation analysis between in-brace correction with
associated factors

Variables Correlation coefficient (r) p

Age -0.065 0.612
Sex -0.005 0.961
Height -0.145 0.123
Weight -0.304 0.003*
BMI -0.259 0.012*
Risser -0.122 0.248
Initial Cobb angle -0.487 <0.001*

*Significant P < 0.05.

The effect of in-brace correction was also
analyzed according to the skeletal maturity measured
by the Risser sign as shown in Figure 1. The amount
of in-brace correction was not found to be a statistically
significant difference across the Risser sign (p = 0.331).
In addition, no statistically significant difference in
in-brace correction was also observed between boys
and girls (p = 0.887) in Figure 2. We also analyzed
BMI stratified into three categories suggested for the
Asian population, which consist of underweight (<18.5),
normal (18.5-22.9), and overweight (23-27.5). As
shown in Figure 3, overweight patients had a lower
median of in-brace correction of 17.75% (15.80%)
compared to normal-weight patients, who had a median
of 23.28% (35.41%) and underweight patients who had
a median of 34.63% (31.25%). Because the number
of overweight patients in our study was limited to only
six patients and the data were not normally distributed,
a non-parametric Kruskal-Wallis test was performed.
There was a statistically significant in-brace correction
found across different categorical BMI (p >0.0.05).
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Figure 2: Box plot distribution of in-brace correction by gender

Discussion

The effectiveness of using braces as a
main conservative treatment for AIS was described
in the previous studies [4], [7]. A recent literature
review discovered evidence of several factors that
may contribute to the effectiveness of bracing in
AIS, including the type of prescribed brace, in-brace
correction, compliance, BMI, curve magnitude, and
specific exercise for scoliosis [8]. In addition, it found
thatin-brace correction is one of the important factors for
bracing in AIS to be successful besides compliance [8].
Similarly, a study by Boogart et al. also found that strong
evidence of low initial brace correction was associated
with brace failure.

There was no clear information on the
minimum in-brace correction to be achieved for
bracing to be successful. Knott et al. suggested
that 50% in-brace must be achieved to optimize the
braces outcomes [11]. However, several studies have
found different cutoff points for in-brace correction in
AIS [9], [12], [13], [14], [15], [16], [17], [18], making it
difficulttodetermine whataspecificnumberof corrections
must be achieved during initial brace wearing. Several
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Figure 1: Box plot distribution of in-brace correction by Risser sign

Figure 3: Box plot distribution of in-brace correction by body mass index
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factors were investigated for their association with the
in-brace correction to maximize the results. A study
by Lang et al. found that in-brace correction was
associated with initial Cobb angle, sagittal and coronal
balance, and LPR [19]. In the current literature study,
strong evidence was found between flexibility and
in-brace correction and moderate evidence for curve
pattern influencing in-brace correction [20].

The mean in-brace correction in this study was
34.1% for all major curve types. Our in-brace correction
result is comparable to the previous studies using the
full-time Boston brace principle, with 35-50% in-brace
correction [15], [21]. The study by Katz, 2001 [15]
described a minimum of 25% of in-brace correction
and showed a high success rate with a minimum of
18 h/day of bracing. Goodbody et al. [14] suggested a
minimum of 45% of in-brace correction increased the
success rate at the end of treatment. Another study
by Xu et al. [18] found that the cutoff point for in-brace
correction was 10% for a successful brace outcome.
Although there was no clearly described cutoff point
for in-brace correction for successful brace treatment,
there was strong evidence that greater in-brace
correction increased the likelihood of success rate of
brace treatment in AIS [9].

There was no clear information on how the
curve pattern affects in-brace correction. Nissen
et al. [22] found that the thoracic curve had significantly
less in-brace correction compared to the lumbar and
thoracolumbar curves. Similarly, a study by Chan
et al. [23] also reported that AIS patients with a
thoracic curve had lower initial brace correction than
thoracolumbar or lumbar curves. In contrast, a study
by Lang et al. [19] found that there was no significant
mean Cobb angle difference in the thoracic, lumbar,
and thoracolumbar. Descriptively, our study showed
that the thoracic curve had the lowest mean in-brace
correction (31.5%), followed by the thoracolumbar
(33.4%) and lumbar (39.6%) curves. However, there
was no statistically significant difference in mean
in-brace correction across these curve types.

The finding of the present study was that initial
Cobb angle and BMI influenced the amount of in-brace
correction. Our study found that the initial Cobb angle had
a negative correlation with in-brace correction. Similar
findings were observed in the previous studies which
found a negative significant association between the initial
Cobb angle and in-brace correction [19], [24]. This finding
shows that the large Cobb angle magnitude makes the
curve more difficult to correct. Late detection of spinal
deformity is commonly associated with a large Cobb
angle magnitude at initial brace treatment. Early detection
of scoliosis would help AIS patients because it would allow
them to start bracing while the Cobb angle is still low,
which would help them get the best results from bracing.

Although low evidence was found in the
association of BMI and in-brace correction in a previous
review study [20], this present study found a significant

negative correlation between in-brace correction
and BMI. Similarly, a study by Goodbody et al. [14]
concluded that overweight AIS patients had lower
results in immediate brace correction as compared
to the normal-weight group. However, in contrast to
our finding for underweight patients, this study also
found the association of brace failure with the low BMI
group. Failure of brace treatment in the overweight
group is mostly caused by low in-brace correction
and compliance. Further study into improving in-brace
correction in a group of overweight AlS patients might
benefit for this group of patients.

This present study was the first evaluation
describing TLSO in-brace correction for AIS at King
Chulalongkorn Memorial Hospital. The limitation of this
study was conducted in retrospective nature, where
variables included for analysis were only based on
available data at our institution. In-brace correction
radiograph was performed within 2—4 weeks after the
brace had been checked out by a physician. Adjustment
for correction could be done if the correction was
insufficient. Alvarez et al. [25] described the importance
of having additional X-ray after a major brace adjustment
to accurately monitor the real in-brace correction.
However, to prevent too much radiation exposure, the
more in-brace correction X-ray was not recommended.
A study by Lou et al. [26] suggested utilizing ultrasound
in assisting brace casting and in-brace correction
monitoring while reducing radiation exposure.

Conclusion

The mean of the first in-brace correction TLSO
was 34.1% of the initial Cobb angle. There was no
difference in in-brace correction across curve types.
There was a significant Cobb angle change between
before brace and in-brace radiographs. We found that
in-brace correction was significantly associated with
initial Cobb angle and BMI. Analysis of associated
factors of this study provided important information
to improve initial-brace correction in AlS. Prospective
research on the topics of how to improve in-brace
correction in overweight AlS patients and the feasibility
of ultrasound as a monitoring tool for brace treatment in
AIS patients is suggested for further study to improve
brace outcomes.

Ethical Approval

This research was reviewed and approved
by Institutional Review Board, Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand.
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