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ABSTRACT
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Objective: The efficacy of bracing for patients with adolescent idiopathic scoliosis (AIS) remains controversial. We aimed to evaluate the
effectiveness of patient-specific thoracolumbar brace treatment in patients with AIS who met the Scoliosis Research Society inclusion criteria
and the factors affecting success rate.
Materials and Methods: From April 2015 to February 2018, 25 patients diagnosed with AIS treated with patient-specific thoracolumbar brace
were asked to participate in this study. The initial brace correction rate and clinical outcomes of the main curvature was evaluated. The clinical
course of bracing was considered progression if there was ≥6° curvature increase and improvement if there was ≥6° curvature decrease. The
success rate was correlated with age, sex, Lenke classification, Risser grade, initial Cobb angle and rotation grade.
Results: The curvature progressed and improved in 13 and two cases, respectively, and the curve remained unchanged in 10 cases. A success rate
of 48% (12/25) was achieved. Moreover, only three of 25 cases with Cobb angle of 45° were considered candidates for surgery. The mean prebrace Cobb angle of the main curvature was 27.9°±6.7°, which ranged from 20° to 37°. The duration of bracing was 37.2 (6-76) months. The mean
Cobb angle at the end of the treatment was 32.1°±8.2°, which ranged from 15° to 45°. No correlation was found between age, Risser grade and
brace treatment success. However, treatment success was significantly correlated with initial Cobb angle, rotation grade and Lenke classification
(main thoracic) (p<0.001, r=0.680; p=0.028, r=-0.458; p=0.020, r=0.481, respectively).
Conclusion: Patient’s age, Risser grade and sex were not related with successful results of brace treatment. However, the initial Cobb angle,
rotation of the apical vertebra and Lenke classification were significantly correlated with successful brace treatment.
Keywords: Brace treatment, patient-specific thoracolumbar brace, adolescent idiopathic scoliosis, conservative treatment

INTRODUCTION
The treatment for scoliosis remains debatable, especially
for patients with adolescent idiopathic scoliosis (AIS) with
Cobb angle of 10°–25°. Rehabilitative activity and bracing
are accepted in various studies as conservative treatment
protocol(1-3). Bracing is initiated for patients with curvature of
20°–30° and ≥5° improvement of the curvature occurs during
subsequent visits. Notwithstanding, when a patient is skeletally
immature (Risser grade ≤2) and presented with a 30°–45°
curve, bracing is suggested at the first visit(4). At the Osaka
Medical College, several braces have been recommended,
such as Boston, Milwaukee, Wilmington, soft braces (SpineCor/
TriaC) and night-time braces (Providence/Charleston)(3). The
implementation of orthopaedic braces could be propitious
for restraining curvature progression in patients with AIS(5). As
regards bracing, the percentage of in-brace correction and brace
wearing time can affect the outcome of bracing(6). Each brace

should be assessed separately because various kinds of braces
yield different results(7,8). It was thought that brace treatment
success is related to patients’ compliance and usage time. In the
literature, patient-specific thoracolumbar brace was reported to
have satisfying outcomes. However, the success rate depends
on the patients’ compliance. In this study, we aimed to evaluate
the effectiveness of the patient-specific thoracolumbar brace
treatment in patients with AIS and the factors influencing the
success rate.

MATERIALS AND METHODS
This prospective therapeutic study was conducted at our clinic
from April 2016 to February 2018. Patients with diagnosis of
progressing idiopathic scoliosis were asked to participate in this
study. Ethics committee approval was acquired for this research
from the ethics board of İstanbul University, İstanbul Faculty of
Medicine (2018/1500). Written informed consent was obtained
from patients and parents of children who participated in
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this study. A prospective cohort study was then performed to
evaluate the effectiveness of patient-specific thoracolumbar
brace in the treatment of AIS.
The inclusion criteria were as follows: patients who met the
Scoliosis Research Society (SRS) inclusion criteria which consist
of age ≥10 years upon prescription of the brace, Risser 0–2,
primary curve angles of 25°–40°, no prior treatment and, if
female, either premenarche or less than 1 year postmenarche(9),
and a minimum of 2 years follow-up.
The exclusion criteria were history of brace treatment and
comorbidities that change the course of AIS such as genetic
defects, neuromuscular disorders, metabolic disorders, and
history of severe trauma.
Patient-specific thoracolumbar braces were fabricated, and
functions that consisted of pressure pad placements were
ensured by the same certified orthotist. A plaster cast was taken
to capture the body shape of each patient with an underarm
position. In addition, standing anteroposterior (AP) X-ray
images were used to confirm in-brace correction and full spinal
alignment, including the pelvis, while the brace was being
worn (Figure 1). The correction magnitude threshold was >50%
reduction of the initial Cobb angle. At the beginning of bracing,
patients were instructed to wear the brace for a minimum of
23 hours per day. Bracing was stopped at 1 year after skeletal
maturity was reached. Skeletal maturity was achieved if all of
the following three criteria were fulfilled: Risser stage 4, at
least 2 years after the onset of menstruation (for girls) and two
consecutive visits for at least 1 year with no more than a 1-cm
increase in height.

At the beginning of the treatment, 25 patients with AIS (22
girls and three boys) aged 11.4±1.19 years (range: 10–14)
were analysed. X-ray imaging was done before the start of
treatment, while the brace was worn, before and after each
use of subsequent braces and at skeletal maturity (after brace
wearing). In-brace X-ray images were taken 6 weeks after the
start and 6 months after the bracing period to determine
‘skeletal maturity’ values. All Cobb angle analyses were done
by the senior author (TA). After combining curve types into
main thoracic and main lumbar, 10 patients were considered to
have main thoracic curves (Lenke I, II, or III), and the remaining
15 patients were ascertained to have main lumbar curves
(Lenke V or VI). The rotation of the apical vertebra was also
measured using the Nash and Moe method, which was based
on the relationship between the vertebral pedicles and the
centre of the vertebral body in the AP X-ray view(10). Rotation
was classified in five degrees according to the removal of the
pedicles. No vertebral rotation was identified if the pedicles
are halfway to the lateral margins of the vertebral bodies and
considered at 0°. As the projection of the pedicle of the apical
vertebra moves towards the median line in the AP view, the
rotational degree progresses in the evaluation scale, reaching
the most significant value (degree IV) when it crosses that line.
The clinical outcome was assessed based on the SRS criteria.
According to the Cobb angle on standing AP spine X-ray
images, which obtained with the patients not wearing the
brace, were classified as follows: (1) improved, decrease in the
Cobb angle by ≥6°; (2) stable, no more than 5° of progression
or improvement; (3) progressed, increase in the Cobb angle by
≥6° and (4) progression with Cobb angle ≥45° was considered
candidates for surgery.
Statistical Analysis
Statistical analysis was conducted using the SPSS statistics
version 24.0 (IBM Corp., Armonk, NY). Descriptive statistics
(mean, standard deviation, median, frequency, ratio, minimum
and maximum) were used to evaluate the study data. Student’s
t-test was used to differentiate two groups of quantitative data
with normal distribution, and the Mann-Whitney U test was used
to compare two groups of data with non-normal distribution.
Pearson chi-square test, Fisher-Freeman-Halton exact test and
Fisher’s exact test were used to compare qualitative data; with
a significance level set a priori at p<0.05 A p value less than
0.05 was deemed to be statistically notable.

RESULTS

Figure 1. The photo was showed that the patient treated with
patient specific thoracolumbar brace
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The first series involved 25 patients (three boys, 22 girls). Three
patients underwent scoliosis surgery. The curvature type were
main thoracic (n=8), thoracolumbar (n=10), lumbar (n=5), double
major (n=1) and double thoracic (n=1). Risser stage was grade
1 in eight, grade 2 in eight and grade 2-3 in nine cases. The
apexes of the main curves were higher than T7 in four patients
(T6 in four patients) and lower than T7 in 11 patients (T8 in
four, T9 in three, T10 in one, T11 in one, T12 in two, L1 in two, L2
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in five and L3 in three cases). The mean pre-brace Cobb angle
of the main curves was 27.9°±6.7°, which ranged from 20° to
37°. The duration of bracing was 37.2 (range: 16-76) months.
The mean Cobb angle at end of the treatment was 32.1°±8.2°,
which ranged from 15° to 45°. According to Nash and Moe
classification, 12 patients had grade 1, six had grade 2, two had
grade 3 and four had grade 4 rotation.
At the last follow-up, the curve progressed in 13 cases,
improved in two cases and remained unchanged in 10 cases
(Figure 2 A, B and Figure 3 A, B). A success rate of 48% (12/25)
was accomplished. Furthermore, only three of 25 cases that
progressed beyond Cobb angle of 45° were admitted as
candidates for surgery.
No correlation was found between age, Risser grade and thriving
brace treatment outcome. However, successful treatment was
significantly associated with the initial Cobb angle, rotation
grade and Lenke classification (main thoracic) (p<0.001, r=0.680;
p=0.028, r=-0.458; p=0.020, r=0.481, respectively).

DISCUSSION
In this study, we used age and simple morphologic
classifications (Cobb, Lenke classification and Risser grade)
and demonstrated successful treatment of AIS using patientspecific thoracolumbar brace and the relationship between

Figure 2A. Standing anteroposterior radiograph of the patient
before beginning of the patient specific thoracolumbar brace

uncomplicated parameters and brace benefit. Thompson
et al.(11) reported a comprehensive series managed with
thoracolumbosacral orthosis brace in 168 patients. In their
study, the rate of surgery or improvement to ≥50° was 35.8% (43
of 120) in patients with persistent main thoracic curves, 20.0%
(6 of 30) in patients with persistent main lumbar curves, 12.5%
(1 of 8) in patients with main thoracic curves that converted
to main lumbar curves, and 0% (0 of 9) in patients with main
lumbar curves that became main thoracic curves (p=0.0383).
The thoracic curves are at higher risk for brace failure than
the lumbar curves regardless of the comparable primary curve
magnitudes and average daily duration of wearing brace. Our
study found a notable distinction between the main thoracic
and main lumbar curves, that is, patients with thoracic curves
had a higher success rate. We observed that rotation is also
correlated with a thriving rate.
Previous clinical studies have highlighted that curve progression
is associated with younger age(12,13). Nevertheless, various
studies have found no relationship between age and curve
improvement. Cheung et al.(13) presented a large series of 586
patients with mean brace-wear duration of 3.8±1.5 years and a
post-wearing follow-up duration of 2.0±1.1 years. They found
that curve progression was correlated with younger age [odds
ratio (OR): 0.71 (95% confidence interval (CI): 0.55 to 0.91];

Figure 2B. The brace has been removed. The patient was successful treated with patient specific thoracolumbar brace
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Figure 3A. Standing anteroposterior radiograph of the patient
before beginning of the patient specific thoracolumbar brace

p=0.008]. Yrjönen et al.(14) described 102 patients with AIS using
Boston brace and reported that patient’s age, curve pattern, or
curve magnitude did not have a statistical influence on the risk
of progression. Peltonen et al.(15) examined 107 patients with
idiopathic scoliosis using Boston brace and average follow-up
of 3 years. In their analysis, no correlation was found between
patients’ age at the start of the treatment and outcome. In our
study, we have not obtained a relationship between age and
curve increase.
Another main factor on the treatment AIS using brace is the
initial curve. First, Emans et al.(16) advised that a Boston brace
with a higher primary curve magnitude enhanced the potential
for surgery. Katz and Durani et al.(17) found that double curves,
with an initial thoracic curve >35°, are more likely to progress.
On the contrary, Ovadia et al.(18) reported that low baseline Cobb
angle values are linked to a more limited progression rate, but
they did not find a statistically significant correlation. Kuroki et
al.(19) found that Cobb angles of 20°–30° were not significantly
associated with lower success rate than angles >30°, so they
reported that curve magnitude is not associated with treatment
success. Van den Bogaart et al.(20) performed a systematic review
of moderate scientific evidence that the initial Cobb angle was
not related with treatment failure and inadequate evidence
of treatment success. In the present study, we found a notable
correlation between the primary Cobb angle and successful
treatment.
Study Limitations
This study has several limitations. First, this study has a small
sample size. Second, the follow-up time was relatively short.
Third, the number of male patients was higher than that of
female patients to correlate sex with brace success. Given our
small sample size, we did not measure the Risser stage, which
has been shown to influence brace success. Finally, the average
hours of daily wearing of brace were not assessed, which was
considered to influence brace compliance and success.

CONCLUSION
The patient-specific thoracolumbar brace treatment for AIS in
skeletally immature patients could significantly decrease the
increase in curve angle to the threshold for surgical intervention.
Patient’s age, Risser grade and sex were not related to optimum
brace treatment outcomes. The initial Cobb angle, rotation of
the apical vertebra and Lenke classification were significantly
correlated with the spread of brace treatment.
Ethics

Figure 3B. The brace has been removed. The curve was progressed
in this patient
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