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Abstract

Purpose The current study aims to evaluate the effect of Boston brace treatment on apical vertebral derotation in adolescent
idiopathic scoliosis (AIS) patients receiving conservative treatment.

Methods The study included 51 AIS patients, consisting of 8 males and 43 females, with Cobb angles between 25° and
45° and Risser’s findings ranging from O to 4. The mean age of the participants was 12.20 + 1.34 years. All patients were
treated with the Boston brace for a minimum of 2 years and evaluated before the brace, during early brace use, and at the
last follow-up. Radiographs were assessed to measure apical vertebral rotation (AVR) and vertebral translation (AVT). The
SRS-22 questionnaire was used to evaluate patient outcomes.

Results The radiographs of patients were evaluated over a mean follow-up period of 32.42 + 8.65 months. Before the brace,
the mean AVR was 2.1+0.6, while it was 1.1 +0.5 with the brace. At the last follow-up, the mean AVR was 1.3+0.5
(p<0.001). Before the brace, the mean AVT was 36.4 + 9.6 mm, which decreased to 16.7 +7.3 mm with the brace (p <0.001).
At the last follow-up, the mean AVT was 19.8 +8.1 mm (p <0.001). The use of the brace had a significant corrective effect
on thoracolumbar and lumbar curvatures compared to before the brace (p <0.001).

Conclusion The findings of the current study suggest that the use of a Boston brace in the conservative treatment of AIS is
effective in correcting the coronal and sagittal plane deformities, including thoracic, thoracolumbar, and lumbar curvatures,
and in reducing apical vertebral rotation and translation.

Keywords Scoliosis - Brace - Apical vertebral rotation - Apical vertebral translation

Introduction

Adolescent idiopathic scoliosis (AIS) is a prevalent spinal
disorder with a general prevalence ranging from 0.47% to
5.2% [1]. If left untreated, the natural progression of AIS can
lead to serious health issues, such as severe cardiopulmonary
dysfunction and negative psychosocial effects [2—6].
Bracing is an integral component of conservative treat-
ment for AIS, and it represents a promising intervention for
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arresting the progression of spinal curvature and averting the
need for surgical intervention [7]. A variety of brace designs
are available for managing spinal deformities. The primary
objective of brace application is to counteract the progres-
sion of spinal deformity by means of external forces and
reinstating normal vertebral column alignment and contours
in both the coronal and sagittal planes [8].

Cervico-thoraco-lumbo-sacral orthoses (CTLSO) are
typically employed for curves with an apex above T7, while
thoraco-lumbo-sacral orthoses (TLSO) are generally pre-
ferred for curves with an apex at T7 or below [8]. However,
achieving patient compliance with CTLSO can be challeng-
ing, which is why TLSO are often favored [9]. The Boston
brace is one of the most commonly used TLSO types in
many institutions. Despite a considerable body of literature
on TLSO use in the brace treatment of AIS, there remains a
dearth of information on other clinical applications of TLSO
[10-12].
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Numerous studies have demonstrated the effectiveness
of brace treatment in arresting the progression of spinal
curvature in AIS [13-16]. However, to date, no study has
investigated the impact of brace treatment on apical verte-
brae in the axial plane. In the current study, it was aimed to
evaluate the effect of a Boston-type TLSO brace on apical
vertebrae rotation and translation in AIS patients receiving
conservative treatment.

Materials and methods

The current retrospective study involved the analysis of 208
patients with the diagnosis of adolescent idiopathic scoliosis
(AIS) who received conservative treatment at the Depart-
ment of Orthopedics and Traumatology of the current insti-
tution between 2010 and 2020. Of these patients, 51 met
the inclusion criteria, which required regular follow-up for
at least 2 years, regular use of braces for at least 20 h a day,
and appropriate completion of brace treatment. Exclusion
criteria were defined as the use of a brace for less than 20 h
a day, surgical treatment, and a lack of continuous follow-up.
The study population comprised 43 females and 8 males.

No additional monitoring device was used to track
patients adherence to the brace. Compliance data were
collected through self-reports provided by the patients or
legal guardians. The current institution’s protocol involves
engaging parents in all stages of examination, follow-up,
and treatment for AIS patients. In cases where patients are
unaccompanied by parents, adult family members residing
with the patient are also involved in the follow-up and treat-
ment process.

The mean age of the patients was 12.20 + 1.34 years, with
a range of 10 to 17 years, and the mean follow-up duration
was 32.42 + 8.65 months, ranging from 24 to 52 months.
Based on the Lenke classification, 16 patients were classified
as type 1, 3 as type 2, 4 as type 3, 2 as type 4, 15 as type 5,
and 11 as type 6, as demonstrated in Table 1.

All patients with scoliosis between 25 and 40 degrees
Cobb’s angle measurement, Risser’s sign of 0-2 stages, and
premenarche in girls or postmenarche AIS for less than a
year were fitted with a custom-made Boston-type TLSO
brace. In patients who did not require surgical treatment,

Table 1 Demographic characteristics and basic information of

patients

Age (mean +sd) 12.20+ 1.34 (range: 10-17)
Gender (M/F) 8/43

Lenke Classification (1/2/3/4/5/6) 16/3/4/2/15/11
Duration of follow-up 32.42+8.65 (24-52)
Risser phase (0/1/2/3/4) 12/11/13/7/8

sd Standard deviation
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termination of the corset application was determined by
clinical and radiological evaluations, including the presence
of menarche in girls or a deepening of the voice in boys,
Risser stage >4, and Sanders stage 8 patients. The SRS-22
questionnaire was applied to evaluate the patients’ quality
of life and perception of deformity.

Radiological examination

Radiographs obtained before bracing, at 6 weeks after the
initiation of bracing, and at the last follow-up visit were
analyzed in the current study. The measurements were per-
formed twice (2 weeks apart) by two different orthopedic
surgeons experienced in spine surgery. The radiological
evaluation included the measurement of coronal and sagit-
tal Cobb angles of the vertebral column. In addition, apical
vertebral rotation (AVR) was assessed based on the Nash
and Moe Classification.

Apical vertebral translation (AVT) was also measured
in patients without coronal imbalance by determining the
distance between the central sacral vertical line (an upward
vertical line originating from the center of the S1 vertebra)
and the midpoint of the apical vertebral body. In cases of
thoracic curves with coronal imbalance, AVT was measured
using a vertical line from the center of the C7 vertebra (C7
plumbline). Similarly, for thoracolumbar/lumbar curves with
coronal imbalance, the central sacral vertical line was used
to measure AVT, with the distance between the central sacral
vertical line and the center of the apical vertebral body in the
thoracolumbar/lumbar curve being measured (Figs. 1 and
2). In order to ascertain the central location of the vertebral
body, a technique referred to as the “X” method was utilized.
This method involves the drawing of diagonal lines, which
connect the upper and lower corners of the apical vertebral
body on both sides. The point of intersection of the two
diagonal lines was identified as the midpoint of the vertebral
body (Fig. 3) [17].

Ethics approval

The research adhered to the ethical principles outlined in
the Declaration of Helsinki and was approved by the ethics
committee of the institute where the study was conducted
(Date: 04.10.2022 No: 16).

Statistical analysis

The statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp.,
Armonk, NY, USA). For descriptive analysis, continuous
variables were presented as mean and standard deviation
(SD), while categorical variables were reported as fre-
quencies and percentages. Chi-squared tests were used to
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Fig. 1 Evaluation of apical
vertebral rotation according to

Nash and Moe classification Grade:: Nediral

Grade : +

Grade : + +

Grade : + + +

Grade : +++ +

Fig.2 Evaluation of apical
vertebral translation

compare categorical variables across different groups. The
normal distribution of continuous variables was assessed
using analytical techniques (Kolmogorov—Smirnov/Sha-
piro—Wilk tests) and visual methods (histograms and
probability plots). As the data did not follow a normal
distribution, non-parametric analysis was performed. The
Wilcoxon Signed Ranks test and the Kruskal Wallis test
were used to compare preoperative, postoperative, and last
follow-up data sets. A p-value of less than 0.05 was con-
sidered statistically significant.

The reliability of both inter- and intra-observer measure-
ments was assessed using the intraclass correlation coeffi-
cient (ICC) within a 95% confidence interval. A value above
Fig.3 “X” method for vertebral body identification 0.75 is deemed excellent, while a value between 0.75 and
0.60 is considered good. A value ranging from 0.59 to 0.40
is categorized as fair, and a value below 0.40 indicates poor
agreement. For this study, the inter-observer reliability of
measurements was determined to be 0.882 (95% confidence
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Table 2 Data of radiological
evaluation

n Before the brace After the brace Last control
Proximal thoracic curvature 5 28.2+3.1° 26.8+1.8° 30.6+5.9°
The main thoracic curvature 36 31.3+£3.6° 20.0+6.1° 27.2+5.9°
Thoracolumbar/lumbar curvature 32 30.1+£4.3° 20.0+6.5° 24.2+7.3°
Apical vertebral rotation 51 2.1+0.6 1.1+0.5 1.3+0.5
Apical vertebral translation 51 36.4+9.6 mm 16.7+7.3 mm 19.8+8.1 mm

n Number

Table 3 Results of statistical analysis of radiological evaluations

Table 4 Results of the SRS-22 questionnaire

p (BB-AB) p (BB-LC) p(AB-LC)

Proximal thoracic curvature 0.135 0.208 0.110

The main thoracic curvature <0.001 <0.001 <0.001

Thoracolumbar/lumbar <0.001 <0.001 <0.001
curvature

Apical vertebral rotation <0.001 <0.001 0.004

Apical vertebral translation <0.001 <0.001 0.001

BB Before the brace, AB after the brace, LC last control

interval [CI] 0.752-0.914), while the intra-observer reliabil-
ity was 0.920 (95% CI 0.818-0.970).

Results

The results indicated that the mean value for the main tho-
racic curves was 31.3 +3.6° before bracing, 20.0+6.1° at the
early follow-up (at 6 weeks), and 27.2 +5.9° at the final fol-
low-up (mean 32.42 + 8.65 months) after bracing. Similarly,
the mean value for the thoracolumbar/lumbar curves was
30.1+4.3° before bracing, which decreased to 20.0 +6.5°
at the early follow-up and 24.2 +7.3° at the last follow-up
after bracing. The statistical analysis revealed a significant
improvement in both the main thoracic and thoracolumbar/
lumbar curves in the early and last follow-ups after bracing
(»<0.001) (Tables 2 and 3). The proximal thoracic curves’
Cobb angles were evaluated before the brace, after the brace,
and at the final follow-up, yielding values of 28.2 +3.1°,
26.8 +1.8°, and 30.6 +5.9°, respectively. There was no sig-
nificant difference in the Cobb angles of proximal thoracic
curves before brace application, after brace application, and
at the final follow-up (p=0.135, p=0.208, p=0.110, respec-
tively) (Tables 2 and 3).

The AVR was evaluated radiologically using the Nash
Moe classification. The results demonstrated an initial AVR
of 2.1 +0.6, which decreased to 1.1 +0.5 and 1.3 +0.5 after
the brace and at the last follow-up, respectively. Statistical
analysis using Tables 2 and 3 indicated that there was a sig-
nificant decrease in AVR between the post-brace and final

@ Springer

Pain 4.6 +0.5 (range: 3.2-5.0)

Self-image/appearance 4.0+0.5 (range: 3.0-4.8)

Function 4.7+0.4 (range: 3.2-5.0)
Mental health 3.9+0.5 (range: 2.0-4.8)
Satisfaction with the treatment 4.4+0.6 (range: 3.0-5.0)
Total 4.3+0.3 (range: 3.4-4.9)

SRS-22 Scoliosis Research Society-22

follow-up measurements, as compared to the pre-brace AVR
values (p <0.001, p <0.001, and p=0.004, respectively).

The mean AVT p <s were found to be 36.4+9.6 mm
prior to bracing, 16.7 +7.3 mm during the early post-bracing
phase, and 19.8 +8.1 mm at the final follow-up. The statisti-
cal analysis demonstrated at Tables 2 and 3 revealed a sig-
nificant decrease in AVT at both the early post-bracing and
final follow-up assessments, as compared to the pre-bracing
measurements (p <0.001, p<0.001, p=0.001, respectively).

According to the results of the Scoliosis Research Soci-
ety-22 questionnaire (SRS-22), satisfactory values were
observed in the domains of pain, function, and treatment
satisfaction. However, the scores for mental health and self-
image/appearance were found to be slightly lower, as indi-
cated by the data presented in Table 4.

Discussion

Despite ongoing debates on the effectiveness of brace treat-
ment for adolescent idiopathic scoliosis (AIS), it is still
considered an indispensable component of conservative
treatment. Positive treatment outcomes can be achieved
through careful patient selection and thorough patient and
parental education on the proper use of braces [18, 19]. In
order to standardize the use of braces for AIS treatment, the
Scoliosis Research Society (SRS) has developed guidelines
based on the patient’s age, Cobb angle, and skeletal growth
potential [20]. The criteria outlined by the SRS include: (1)
patients aged 10 years and older, (2) Risser’s sign between 0
and 2, (3) Cobb angle between 25° and 40°, (4) no previous
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treatment, and (5) in girls, pre-menarchal or less than 1 year
post-menarchal.

The SRS has developed guidelines for evaluating the
effectiveness of brace treatment for AIS. These guidelines
include assessing the proportion of patients with curve pro-
gression of <5 degrees and > 6 degrees after skeletal matu-
rity, evaluating the curvature after skeletal maturity with
a cutoff value of >45 degrees, and conducting a follow-up
period of 2 years to assess the progression of the deformity
after skeletal maturity and brace termination [20]. These
guidelines are critical in determining the success of brace
treatment for AIS and in deciding when to terminate brace
treatment.

According to various studies that have used different
types of braces, success rates ranging from 50 to 95% have
been reported within the SRS criteria for AIS treatment
[21-25]. Specifically, studies focusing on the Boston-type
brace have reported correction rates between 30 and 55%.
In the current study, we used the Boston-type brace for all
patients. Previous research has reported a 54% correction
rate for curvatures with an apex at T10 or below using the
Boston-type brace, while another study found a correction
rate of 29% to 37% for curvatures with an apex at T8 or
below [26-28].

The initial mean Cobb angles for the main thoracic and
thoracolumbar/lumbar curvatures were 31° and 30°, respec-
tively. Brace treatment resulted in a mean correction of
approximately 35%, with an average reduction of 20° in the
Cobb angle. At the final follow-up, the mean Cobb angles
of the main thoracic and thoracolumbar/lumbar curves
were 27.2° and 24.2°, respectively, indicating an average
improvement of approximately 13% compared to the pre-
brace angles.

In the current study, it was found that among the cohort of
patients with structural proximal thoracic curvature (defined
as a curvature apex above T7), five individuals (9.8%) had a
mean Cobb angle of 28° before brace treatment. Following
brace therapy, the mean Cobb angle decreased to 27°, but at
the last follow-up, it had increased to 31°. While there was
no statistically significant improvement between the pre-
brace and final follow-up angles, we interpreted the results
positively because, on average, there was less than 5° pro-
gression among the five affected patients.

Kuroki et al. described the mechanism of action of braces
in correcting spinal deformities, which involves distraction
to the concave side, compression to the convex side, pres-
sure from the sides using the principle of three points, and
a bending effect [11]. The correct placement of pads in the
apex area is crucial, as incorrect placement may lead to
hypokyphosis or an increase in apical vertebral rotation [8].
While previous studies have evaluated the correction rates
of deformities in the coronal and sagittal planes with brace
treatment in adolescent idiopathic scoliosis (AIS) [21-28],

no study has yet investigated the effect of brace application
on the apical vertebrae in AIS. Apical vertebral rotation is
a critical component of structural scoliosis [29, 30], and
manipulation of the apical vertebrae during brace treatment
may result in better curve control.

In the current study, the apical vertebral rotation (AVR)
was assessed according to the Nash Moe classification. It
was observed a correction in AVR from a mean value of 2.1
before brace treatment to a mean value of 1.1 after brace
treatment (47.6% improvement). At the last follow-up, the
AVR correction was 1.3 (38%). The apical vertebral transla-
tion (AVT) decreased from a mean value of 36.4 mm before
brace treatment to a mean value of 16.7 mm (54% improve-
ment) after brace treatment. At the last follow-up, a mean
AVT decrease of 20 mm was observed, representing a 45%
improvement.

The SRS-22 questionnaire was used in the current study
to evaluate the patients’ quality of life and perception of
their deformity. The results showed satisfactory values in the
domains of pain, function, and satisfaction with treatment,
while a slightly lower score was obtained in the domains
of mental health and self-image/appearance. In a study by
Schwieger et al., it was recommended that patients with AIS
be informed about the potential negative impact of brace
treatment on their body image and quality of life. Poor self-
image may be a barrier to starting and continuing brace
treatment. Adolescence is a developmental stage where self-
esteem and self-confidence are established, and living with
a chronic illness such as AIS can make that process difficult.
Although AIS itself is not a life-threatening disease, it has
been associated with the development of serious mental dis-
orders in patients, as reported in previous studies [31-33].

The study had several limitations that should be con-
sidered. First, it was a retrospective study and, therefore,
was limited by the quality of the data available. Second,
some patients were still undergoing treatment with braces,
which limits the ability to draw final conclusions about the
long-term effectiveness of the treatment (However, since the
study was aimed to evaluate the rotation of the apical verte-
brae in the brace, we present these data). Third, the number
of patients included in the study was limited, which may
effect the generalizability of the findings. Fourth, compli-
ance with the brace was not evaluated using any follow-up
device, which could have provided valuable information on
the effectiveness of the treatment. An additional constraint
of the study is the exclusive administration of the SRS-22
questionnaire during the final follow-up visit.

In conclusion, the current study provides evidence that
the implementation of the Boston-type brace as a conserva-
tive treatment for AIS is effective in managing the coro-
nal curve of the main thoracic, thoracolumbar, and lumbar
regions. Moreover, it successfully corrects the rotation and
translation of the apical vertebrae. The mentioned valuable

@ Springer



1106

Spine Deformity (2023) 11:1101-1107

finding highlights the importance of brace utilization for
hindering the curve progression in AIS. Although the upper
thoracic curvatures did not exhibit corrective effects, there
were no negative trends observed in the clinical and radio-
logical parameters during and after the brace treatment, as
indicated by our follow-up assessments. Thus, we recom-
mend that healthcare providers and parents motivate and
support patients with scoliosis to adapt to the brace treat-
ment for better outcomes.
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