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Abstract
Background/Aim: Many factors affect initial in-brace correction and treatment 
outcome in patients with idiopathic scoliosis. Previous studies have observed con-
tradictory results on the role of BMI in orthotic treatment. The aim of this study 
was to examine whether BMI impacts in-brace correction, isolated and in relation 
to other predictive factors (curve magnitude, curve location and Risser sign).   
Methods: A retrospective study has been conducted on patients with idiopathic 
scoliosis treated with Cheneau-Sobernheim brace, that had no prior treatment. The 
collected and analysed data included patient demographics, BMI percentile and ra-
diological parameters (curve magnitude in Cobb angle, curve location, Risser sign). 
The initial in-brace correction was expressed as a percentage of Cobb angle reduc-
tion in the brace as opposed to Cobb angle out of brace. Patients were categorised 
into groups according to their BMI, expressed in percentiles, ie: low BMI (< 5 per-
centiles), normal BMI (5-85 percentiles) and high BMI (> 85 percentiles). To deter-
mine the significant difference and correlation relationship between the examined 
variables, variance tests, t-test with unequal variance, and Pearson correlation co-
efficient have been used.
Results: The cohort study comprised 213 patients (170 females and 43 males) with 
a mean age of 13.5 years at brace prescription. Low BMI has been detected in 10 % 
patients, normal BMI in 78 % and high BMI in 10 % patients. No significant differ-
ence in in-brace correction has been found between BMI groups, nor has there been 
any significant correlation between BMI and in-brace correction. Regarding other 
factors, significant difference within BMI groups was found between in-brace cor-
rection and curve location, as well as in-brace correction and Risser sign. Lumbar 
curves had significantly better in-brace correction than thoracic curves. Significant 
correlations between in-brace correction and curve magnitude, curve location and 
Risser sign were detected.  
Conclusion: The results of the present study show that, as an independent factor, 
BMI does not impact in-brace correction. Other factors, such as curve magnitude, 
curve location and Risser sign, play a more significant role in the orthotic treatment 
of patients with idiopathic scoliosis. 
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Introduction

Idiopathic structural scoliosis is a three-dimen-
sional spine deformity with a lateral deviation of 
the spine in the frontal plane, a vertebral rotation 

in the transversal plane and an impaired sagittal 
profile. The aetiopathogenesis is as yet unclear 
and the cause is unknown. However, it is pre-



70 Pjanić et al. Scr Med 2021 Mar;52(1):69-75.

sumed to be multifactorial1 and manifests solely 
in healthy children. It can occur at any age, espe-
cially during the growth spurt, where most pro-
gression is expected at the beginning of puberty.2 
The diagnosis of scoliosis is based on anamnesis, 
clinical and radiological assessment. Conservative 
treatment of scoliosis includes observation, phys-
ical therapy and bracing. The aim of the treatment 
is to stop the curve progression – possibly even 
reducing it – and to avoid surgery. Recent studies 
have shown that it is also possible to obtain some 
amount of curve correction.3 Factors that have 
been suggested as possible determinants of a high-
er risk of scoliosis progression include positive 
family history, laxity of skin and joints (connective 
tissue defect), flattening of physiological thoracic 
kyphosis, angle of trunk rotation exceeding 10°, 
and growth spurt.4 Brace treatment is indicated 
for curves from 20 to 45 ± 5 degrees of Cobb angle 
in children that are skeletally immature and have 
growth potential. Initial in-brace correction rep-
resents a reliable parameter for brace quality5 and 
a prognostic factor for short-term results,6 as well 
as long-term results of orthotic treatment.7 In ad-
dition to well-defined prognostic factors – which 
affect initial in-brace correction8 and therefore 
treatment results – various studies explored the 
influence of Body Mass Index (BMI) on the initial 
in-brace correction and treatment outcome, with 
varying results.

The aim of this study was to examine whether 
BMI impacts initial in-brace correction in children 
with idiopathic scoliosis isolated and in relation to 
other prognostic factors (curve magnitude, curve 
location and Risser sign).

This was a retrospective study that included pa-
tients from the Institute for physical and rehabil-
itation medicine „Dr Miroslav Zotovic“ in Banja 
Luka, Republic of Srpska, Bosnia & Herzegovina. 
The study has been approved by the Institute’s 
Ethics Committee. All patients were diagnosed 
with idiopathic scoliosis and have been treated by 
the Team for scoliosis, which includes specialists 
for spinal deformities, orthotists and therapists. 
The treatment of these patients is based on the 
SOSORT guidelines for conservative treatment 
of scoliosis (2016)1 and standardised treatment 
protocols. In this facility, the type of brace being 

Methods

prescribed and manufactured is Cheneau-Sobern-
heim. This study only included patients who had 
no prior brace treatment. In patients with one or 
more compensatory curves, the focus was on the 
primary scoliotic curve.

The analysed data was obtained from the internal 
database, the hospital information system KIS, in-
cluding patient demographics, BMI in percentiles 
and radiological parameters (on the X-ray image 
at brace prescription and on in-brace X-ray, one 
month after the final brace application). Radiolog-
ical parameters include magnitude of the primary 
curve (measured by Cobb’s angle at out- and in-
brace X-ray), location of the primary curve, and 
Risser stage. The location of the primary curve is 
classified into the following categories: thoracic, 
thoracolumbar and lumbar. 

The initial in-brace correction is calculated as a 
reduction of Cobb angle of the primary curve in 
brace and out of brace, expressed as a percentage 
of the Cobb angle reduction in brace.

The BMI is evaluated differently in children then 
in adults, given that children’s bodies change rap-
idly. This is why the standardised formula for chil-
dren, ages 5 through 18 years, is based on height, 
weight and the patient’s age. In this study, the au-
thors looked at these parameters at brace appli-
cation.

Patients have been categorised into groups ac-
cording to their BMI, expressed in percentiles: low 
BMI (< 5 percentiles), normal BMI (5-85 percen-
tiles) and high BMI (> 85 percentiles).

To examine the effect of the BMI on in-brace cor-
rection, the correlation between BMI and initial 
in-brace correction in total and according to BMI 
groups has been tested. Other relevant factors, 
which affect in-brace correction, have also been 
taken into consideration, such as: curve magni-
tude of the primary curve measured by Cobb an-
gle, location of the primary curve and Risser sign. 

For the statistical analysis, the program SPSS Sta-
tistics for Windows 21.0 has been used. To test 
whether significant differences exist between 
the examined variables and BMI groups, variance 
tests (ANOVA) and t-test with unequal variance 
have been performed. To test the correlations be-
tween BMI and other variables, Pearson correla-
tion coefficient was used. The level of significance 
has been set to p < 0.05.
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Results

Out of 213 patients, 170 were females (79.8 %) 
and 43 males (20.2 %). The mean age at brace 
prescription was 13.5 (SD ± 2.4, range 5 to 17.5) 
years. The mean BMI was 44.2 percentiles (SD ± 
29.74). The results, according to groups, were as 
follows: low BMI has been detected in 21 patients 
(10 %), mid-BMI in 167 patients (78 %) and high 
BMI in 25 patients (12 %). The mean magnitude 
of the primary curve was 29.53° of Cobb angle (SD 

Table 1: Patients' mean values (± SD) of age, radiological parameters and in-brace correction 
according to BMI groups

*Low BMI < 5 percentiles; Mid BMI 5-85 percentiles; High BMI > 85 percentiles

BMI
groups*

Low BMI 

Mid BMI

High BMI

Number of 
patients

21

167

25

Age at brace
prescription
(in years)

14.5 (± 2.43)

13.8 (± 2.24)

11.5 (± 2.78)

Risser
sign

1.7 (± 1.56)

1.8 (± 1.44)

0.8 (± 1.22)

Curve
magnitude (°)

32.4   (± 9.72)

29.2   (± 8.96)

29.5 (± 10.45)

In-brace
correction (%)

46.7 (± 21.2)

54.8 (± 26.2)

50.8 (± 26.8)

%

10

78

12

Figure 1: Mean values (±SD) of in-brace correction (%) in total and 
according to BMI groups  

Figure 2: Correlation between BMI and in-brace correction   

± 9.2, range 13-59°). The mean Risser sign was 
1.65 (SD ± 1.4, range 0 to 4). The mean initial in-
brace correction was 53.5 % (SD ± 24.6, 0-100 %).

Table 1 shows the number of patients according 
to BMI groups, as well as mean values of their age 
at brace prescription, radiological parameters 
(curve magnitude and Risser sign) and in-brace 
correction. 

BMI and in-brace correction

Figure 1 illustrates the mean values (%) of the 
initial in-brace correction in total and according 
to BMI groups. Even though the greatest in-brace 
correction has been detected in the mid-BMI 
group (54.79 %), and the least in the low-BMI 
group (46.73 %), the difference is not significant 
(F = 1.18, p = 0.31).

Figure 2 shows the results of the correlation be-
tween BMI, expressed in percentiles, and in-brace 
correction. It depicts a negative correlation that is 
not statistically significant (r = -0.061, p = 0.38).

Curve magnitude and in-brace correction

Figure 3 displays the mean values of curve mag-
nitude (°) and in-brace correction in total and ac-
cording to BMI groups.

There was no significant difference in curve mag-
nitude between BMI groups (F = 1.13; p = 0.33). 
There is a significant negative correlation be-
tween curve magnitude and in-brace correction 
(r = -0.399, p = 0.00). There is a better correlation 
in high- (r = -0.622, p = 0.001) and low-BMI groups 
(r = -0.615, p = 0.003), compared to the mid-BMI 
group (r = -0,402, p = 0,00). 
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Curve location and in-brace correction

Figure 4 shows the in-brace correction in BMI 
groups according to the location of the primary 
curve.

Figure 3: Mean values (±SD) of curve magnitude and in-brace correction in total and according to BMI groups

Figure 5: Mean values (± SD) of in-brace correction for different curve locations in total and according to BMI groups 

Figure 4: Mean values (± SD) of in-brace correction for different 
curve locations in total and according to BMI groups 

The location of the primary curve is thoracic in 
94 patients (44.1 %), thoracolumbar in 76 pa-
tients (35.7 %) and lumbar in 43 patients (20.2 
%). There was a significant difference in the in-
brace correction between groups that are cate-
gorised according to the location of the primary 
curve (F = 7.59, p = 0.001).

A better in-brace correction was observed in pa-
tients with primary lumbar curves (62 %), as op-
posed to patients with primary thoracic curves 
(46 %) in the low- (p = 0.035) and mid-BMI group 
(p = 0.012). There were no significant differenc-
es in the correction between thoracolumbar and 
lumbar curves (p = 0.588).

A significant correlation can be observed between 
in-brace correction and location within the low- 
(F = 4.006, p = 0.036) and mid-BMI group (F = 
6.653, p = 0.002). The correlation in the high-BMI 
group was not significant (F = 0.698, p = 0.508).
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Risser sign and in-brace correction

Figure 5 depicts mean values of the Risser sign 
and in-brace correction (%) in total and according 
to BMI groups.

A significant difference in the Risser sign between 
BMI groups (F = 5,001, p = 0.008) has been iden-
tified, especially between mid- and high-BMI 
groups (F = 5.01; p = 0.01).
 
A lower Risser sign in the high-BMI group can be 
explained by the patients’ age, who were signifi-
cantly younger compared to the other two groups 
(F = 11.45; p = 0.00). 

There was a significant negative correlation be-
tween in-brace correction and Risser sign (r = 
-0.203, p = 0.003). Within group, this correlation 
was only significant for mid-BMI group (r = -0.250, 
p = 0.001).

Discussion

Bracing proved to be effective in the treatment of 
idiopathic scoliosis.9 In-brace correction is consid-
ered to be one of the most important parameters 
for brace quality assessment, but it can also be a 
predictor for short-term and long-term treatment 
outcomes in patients with idiopathic scoliosis. In 
the literature, currently reported percentages of 
in-brace correction vary from 20-25 % to 40-50 
%. This depends on various factors, such as curve 
magnitude and location, Risser sign, curves ex-
ceeding 30°, vertebral rotation, compliance and 
BMI.10 It is suggested that the in-brace correction 
must be at least 30-50 % in order to prevent sig-
nificant curve progression.11 In his study, Landau-
er reported that a good initial correction, of over 
40 % in a Cheneau type brace, had significant im-
pact on the final outcome.12 According to another 
study13 insufficient in-brace correction is associat-
ed with poor treatment outcome. For a successful 
orthotic treatment of patients with idiopathic sco-
liosis, it is significant to understand how different 
factors affect in-brace correction.14

The primary objective of the present study has 
been to determine whether the BMI significantly 
impacts in-brace correction in patients with idio-
pathic scoliosis, as well as whether it can be con-
sidered one of the predictive factors for treatment 

outcome. Previous studies on the influence of BMI 
on in-brace correction and outcome have showed 
contradictory results. High BMI is considered a 
negative predictive factor for brace effectiveness. 
It has been reported that patients with a high BMI 
have a 3.1-fold greater likelihood of unsuccessful 
bracing than normal-weight patients.15 This is ex-
plained by the reduced action of corrective forces 
on the spine over the ribs due to excessive adi-
pose tissue. These findings have been confirmed 
by Goodbody and colleagues16 where such poor 
treatment outcome in high-BMI patients is asso-
ciated with insufficient in-brace correction and 
compliance. Furthermore, it has been found that 
a low BMI is an independent risk factor for poor 
outcome. It should be noted that in this study dif-
ferent range was set in low-BMI category (< 20 
percentiles). Similar results were observed in the 
study of Weixiang and colleagues17 who conclud-
ed that low BMI could predict brace failure. Lori 
and colleagues18 likewise concluded that a low 
BMI has the highest progression and the greatest 
surgical risk, although they were more complaint 
than high-BMI patients. 

The results of present study showed that the BMI 
has no significant impact on in-brace correction 
in patients with idiopathic scoliosis. Therefore, it 
cannot be considered a predictive factor for the 
final outcome of bracing treatment, given the sig-
nificance of immediate in-brace correction in pre-
dicting long-term results.19

The present findings are in accordance with those 
of Zaina and colleagues.20 They reported that high 
BMI cannot be considered a negative predictive 
factor for treatment outcome, due to insignificant 
differences in in-brace correction between mid- 
and high-BMI group. Their study concluded that 
type of treatment, brace type and efficiency play a 
key role in stopping the curve progression. 

Even though a negative correlation between BMI 
and in-brace correction can be observed, it is not 
significant. The mean in-brace correction in these 
patients can be considered sufficient for success-
ful outcome by the current standards (53 %). The 
lowest in-brace correction has been identified 
in the low-BMI group, which can be explained 
by older age, higher curve magnitude and Risser 
sign, with significant difference compared to oth-
er groups. This group also included more thoracic 
curves that show lower in-brace correction than 
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