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Routinely, adolescent idiopathic scoliosis (AIS) curves that progress beyond 40° in skeletally immature adolescents require surgery. 
However, some adolescents with AIS and their parents utterly refuse surgery and insist on wearing a brace. Debate continues regard-
ing the appropriateness of bracing for AIS curves exceeding 40° in patients who have rejected surgical intervention. This systematic 
review and meta-analysis was conducted to review the literature on the effectiveness of bracing and its predictive factors in larger-
magnitude AIS curves ≥40°. This study replicated the search strategy used by the PICOS system for formulating study questions, 
which include consideration of the patient/population (P), intervention (I), comparison (C), outcome (O), and study design (S). The 
search was conducted up to January 2022 in the following bibliographic online databases only in the English language: PubMed, 
Google Scholar, Scopus, and Web of Science. Two assessors reviewed the articles for qualification. Eligible studies were assessed for 
risk of bias at the study level using the Newcastle-Ottawa Scale. The effect size across the studies was determined using standard-
ized mean differences (Cohen’s d) and 95% confidence intervals for the meta-analysis. Among the eight included moderate quality 
studies, evidence of potential publication bias (p<0.05) for the trials included was found in the Cobb angle outcome. Results obtained 
through meta-analysis indicated that the effectiveness of bracing in controlling Cobb angle progression in curves ≥40° is significantly 
positive. Additionally, initial curve severity, Risser stage, in-brace curve correction, curve type, and apical vertebral rotation were con-
sidered risk factors associated with brace effectiveness. This systematic review revealed that bracing could alter the normal course 
of AIS curves ≥40° in patients refusing posterior spinal fusion (PSF). However, the suggested course for patients refusing PSF remains 
unclear because of the significant heterogeneity in the risk factors associated with bracing failure.
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Introduction

Rigid bracing is the most effective nonsurgical interven-
tion for treating Cobb angle curves of 20°–40° in ado-
lescents with idiopathic scoliosis (AIS) [1,2]. With the 
introduction of novel brace designs in the treatment of 
AIS, manufacturers hope to prevent the progression of 
the curve, maintain proper alignment of the head relative 
to the pelvis, and reduce the physical appearance of curve 
magnitude [3,4]. A randomized controlled trial study 
revealed that the success rate of bracing for AIS curves of 
20°–40° is 72% [2].

Surgeons usually recommend surgery for severe AIS 
curves exceeding 40°–45° [5,6]. Surgery improves the 
deformity and increases the patient’s quality of life and 
self-image [7,8]. However, posterior spinal fusion (PSF) is 
not without a significant risk of potentially morbid com-
plications. A study of 84,320 patients between 2004 and 
2016 revealed that the complication rate of scoliosis sur-
gery was 1.5% [9]. Despite recent advances in PSF, which 
have substantially reduced surgical complications, such 
as infection, mortality, and neurological disorders, many 
patients and their families are still reluctant to undergo 
operative intervention and instead opt to continue wear-
ing a brace [10].

Thus, the question remains whether bracing can still be 
considered a treatment option for immature patients with 
severe curves above 40° who refuse surgery. Contradictory 
results have been reported across the literature. Although 
a growing body of literature recognizes the effectiveness 
of bracing for curves above 40°, some studies show that 
the failure rate of brace is higher in these patients than in 
patients with a curve <40° [11,12]. Other authors reported 
very satisfactory results of brace treatment in advanced 
scoliotic curves [10,13]. Collectively, the results of stud-
ies on the effect of braces on curves exceeding 40° show 
a large discrepancy: efficacy rates are reported to be be-

tween 35% and 91% [10-15]. This wide range could be at-
tributed to the heterogeneity of the inclusion criteria, the 
type of brace in use, and various other potentially impact-
ful variables.

Despite the heterogeneity of the results of bracing in 
higher-magnitude AIS curves, 2020 consensus guidelines 
from experts in scoliosis treatment have established that 
bracing can be prescribed for AIS curves up to 60° [16]. 
Therefore, the current study was conducted to review the 
literature on the effectiveness of bracing and its predictive 
factors in AIS curves above 40°.

Materials and Methods

1. Data sources and searches

This study replicated the search strategy used by the PICOS 
system for formulating study questions, which include 
consideration of the patient/population (P), intervention 
(I), comparison (C), outcome (O), and study design (S) 
(Table 1). The search was conducted up to January 2022 
in the following bibliographic online databases only in the 
English language: PubMed, Google Scholar, Scopus, and 
Web of Science. The following search strategy was con-
sidered: (idiopathic scoliosis [MeSH Terms] OR scolio* 
[Title/Abstract] OR idiopathic scoliosis [Title/Abstract]) 
AND (brace [MeSH Terms] OR brace [Title/Abstract] OR 
bracing [Title/Abstract]) AND effect* [Title/Abstract] OR 
treatment [Title/Abstract] OR result [Title/Abstract] OR 
results [Title/Abstract]) AND (curve [Title/Abstract]). We 
also checked the reference lists of the included studies to 
ensure that all eligible studies were reviewed. After con-
ducting the search, the process of study selection followed 
the Preferred Reporting Items for Systematic Reviews and 
Meta-analysis Protocols guideline, which was published 
in 2021 [17] (Fig. 1). Potential titles and abstracts were 
screened, and full-text articles were obtained for studies 

Table 1. Eligibility criteria for including articles in this systematic review

Criteria

Patient/population explanation Adolescents with idiopathic scoliosis with curves higher than 40° at initiation of brace treatment who have rejected surgical inter-
vention

Intervention being considered Long-term utilization of any type of corrective spinal brace untile skeletal maturity or spinal fusion

Comparison explanation Comparing the final Cobb angle between patients who were under brace treatment and those who refused any treatment and 
serve as controls

Outcomes explanation Cobb angle at final follow up that obtained from standard total spine posterio-anterior radiography

Study design Prospective or retrospective study designs with at least one-year follow-up after cessation of brace treatment
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that appeared eligible. Two assessors (M.Kh. and T.B.) 
examined them and checked for eligibility. If necessary, a 
third investigator (V.M.) was also consulted.

2. Data extraction

Data were extracted independently by two reviewers (H.H. 
and T.B.). Any discrepancies were discussed and resolved 
with V.M. as the third reviewer. The duplicate articles 
were deleted, and the remaining titles and abstracts were 
screened. The full texts of the eligible papers were then ob-
tained. Additionally, the first author’s name with publication 
year, study design, age at initiation of bracing, sample size, 
Risser stage at the initiation of bracing, curve type, prebrace 
Cobb angle, length of brace treatment, years of follow-up af-
ter discontinuation of bracing, and outcome measures were 
extracted. The current review consisted of retrospective and 
prospective studies. Studies were eligible if they evaluated 
Cobb angle ≥40° and included intervention consisting of 
bracing as a nonsurgical treatment (Table 2).

3. Assessment of methodological quality

Eligible studies were assessed for the risk of bias at the 
study level using the Newcastle-Ottawa Scale (NOS), 
which is designed to examine the selection of participants 
and study design, comparability of groups, and ascertain-

ment of exposure/outcome [18]. This tool consists of eight 
items. Except for the comparability item, a study can be 
awarded a maximum of one star for each numbered item 
within the selection and outcome categories. Additionally, 
a maximum of two stars can be given for the comparabil-
ity item. Average scores for this quality assessment tool 
ranged from 0 (lowest score) to nine stars (highest score). 
The scores of 7–9, 4–6, and 0–3 stars indicated a high-, 
moderate-, and low-quality study, respectively. This was 
performed independently by two authors (H.H. and T.B.), 
and the findings were compared to achieve consensus. 
Table 3 lists the NOS for the selected papers.

4. Data analysis

After literature review, it was determined that ≥3 stud-
ies achieved qualification standards for inclusion in the 
meta-analysis. Regarding the statistical methodology for 
the meta-analysis portion of the current study, the mean, 
sample size, and standard deviations (SD) before and after 
the brace intervention were extracted from the included 
studies [19]. Furthermore, those studies that reported the 
mean and SD of the Cobb angle at the initiation of brace 
treatment and final follow-up were included in the meta-
analysis. If the mean and SD were not reported, we con-
tacted the authors via email to obtain their unpublished 
data. The effect size across the studies was determined us-

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis diagram.
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ing standardized mean differences (SMDs; Cohen’s d) and 
95% confidence intervals. Meta-analysis was performed 
using a random-effects model with the Stata ver. 12.0 
software (Stata Corp., College Station, TX, USA). To bet-
ter explain the pooled analyses, SMDs of 0.2, 0.5, 0.8, and 
>0.8 were selected to correspond to small, medium, large, 
and very large variations, respectively [20].

Heterogeneity was explored using the I2 statistic, with 
a probability value of <0.05, indicating significant het-
erogeneity. The findings were interpreted as follows: I2 

of 0%–30%, unimportant heterogeneity; I2 of 30%–60%, 
moderate heterogeneity; I2 of 50%–90%, substantial het-
erogeneity; and I2 of 75%–100%, high heterogeneity [21]. 
When the number of articles was <10, Egger’s test was 
used to assess publication bias [22,23].

Results

1. Search result

All included studies were obtained from an electronic 
search. Eighty-six articles remained after deleting dupli-
cate and unrelated articles. Among them, eight articles 
met the inclusion criteria for this study [10-15,24,25]. 
However, one study did not provide sufficient information 
for conducting a meta-analysis [13]. Although we con-
tacted the corresponding author, we received no response. 
Therefore, eight articles were included in the systematic 
review, and seven were included in the meta-analysis.

2. Study descriptions

The quality of all eight included studies was moderate, 
ranging from four to six stars based on NOS (Table 3). 
Five studies were retrospective in nature [10-12,15,25], 
whereas three studies had prospective designs [13,14,24].

3. Participants

The sample size of the included studies was 25–100 pa-
tients, with a total sample of 518. The mean age of par-
ticipants was approximately 12.9 years. In all studies, the 
major curve Cobb angle at the initiation of bracing was 
≥40°, with a range of 43.4°–59.7°.
4. Brace type and treatment duration

Braces used in the studies included Risser cast, Lyon 

brace, Sforzesco brace, Boston style thoracolumbo-
sacral orthosis, Milwaukee brace, and Gensingen 
brace. The mean duration of bracing was 39.36 
months (range, 18 to 63.12 months). The mean dura-
tion of follow-up was 29.42 months (range, 15.6 to 
60.86 months).

5. Countries where the studies were conducted

Among the included articles, three studies were conduct-
ed in Italy [10,13,14], one in Iran [11], one in Greece [24], 
one in the United States [15], and two in China [12].

6. Brace effectiveness

Among all included studies, only one directly compared 
brace treatment with no treatment [13]. In the study by 
Lusini et al. [13], progression of the scoliotic curve oc-
curred in 20.5% of patients in the braced group and 55.6% 
in patients without bracing. In patients with an initial 
Cobb angle <45° and ≥45°, the average curve reduction 
was 11.46° and 13.74°, respectively. In terms of apical ver-
tebral rotation (AVR), for patients with initial AVR <20°, 
the average curve reduction was 16.02°, and in cases with 
AVR ≥20°, the average curve reduction was 8.4°. Further-
more, in patients with initial Risser stages 0–2, the average 
curve reduction was 14.7°, whereas in cases with Risser 
stages 3 to 4, the mean correction was 6.7°.

Seven studies reported the treatment results in a stratified 
manner as progression, stabilization, or improvement of 
the curve [10-12,14,15,24,25]. Progression or improvement 
is defined as higher than 5° alteration of curve magnitude 
in either the positive or negative direction. On the basis of 
these seven studies, the mean curve improvement after brac-
ing was 38.8% (range, 11% to 78%), the mean curve progres-
sion was 35.4% (range, 3.5% to 64.8%), and the mean curve 
stabilization was 25.5% (range, 13% to 48%).

After the meta-analysis was performed, the SMD value 
did not cross zero; thus, it could be concluded that the 
brace effectiveness on Cobb angle ≥40° is significantly 
positive (Fig. 2). Therefore, using a brace for curves ≥40° 
in adolescents with AIS can be an effective strategy, espe-
cially when the alternative option is no treatment at all.

7. Assessment of publication bias

The findings demonstrated evidence of potential publica-
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tion bias (p<0.05) for the trials included in the Cobb angle 
at the final follow-up (Table 4). Egger’s linear graphs for 
the final Cobb angle are illustrated in Fig. 3.

8. Risk factors for bracing success/failure

Five radiological predictive factors, including Risser stage, 
curve type, initial curve severity, in-brace curve correc-
tion, and AVR, were considered for bracing success/fail-
ure in the included studies. Verhofste et al. [15], Zhu et al. 
[12], and Xu et al. [25] discovered that initial curve mag-
nitude has no effect on the final bracing outcome in AIS 
curves ≥40°, whereas Razeghinezhad et al. [11] reported 
that the least curve progression was noted in patients with 
AIS curves of 40°–45° and the most was noted in those 
with AIS curves of 51°–55°. Zhu et al. [12] and Xu et al. 
[25] reported that the mean grade of the initial Risser sign 
in patients with curve progression was significantly lower 
than that in patients with stable or improved curves. Ver-
hofste et al. [15] revealed that patients with open triradi-
ate cartilage and the lowest Risser stage had the highest 
curve progression. Razeghinezhad et al. [11] determined 
that in-brace curve correction and the initial Risser stage 
significantly correlated with curve magnitude at the final 
follow-up. Moreover, Xu et al. [25] revealed that patients 
with Risser stage 0 (p=0.04) and initial in-brace correction 
rate <10% (p<0.001) experienced the greatest extent of 
curve progression (70.9%). To further support this find-
ing, Aulisa et al. [14] reported that in patients with Risser 
stages 0–2, the mean reduction in final curve magnitude 
was 14.7°, whereas in patients with Risser stages 3 to 4, 
it was 6.7° (p<0.0001). In this study, the progression rate 
was noted to be higher in thoracic curves than in lumbar 
curves. However, contradicting this finding, in the studies 
of Zhu et al. [12] and Xu et al. [25], there was no statisti-
cally significant difference in the rate of curve progression 
between patients with different curve types (p=0.392 and 
p=0.17, respectively).

Discussion

This systematic review and meta-analysis aimed to exam-
ine the effectiveness of bracing in AIS cases with curves 
≥40°. The meta-analysis revealed that bracing is effective 
for treating scoliosis curves ≥40°. Initial curve severity, 
Risser stage, in-brace curve correction, curve type, and 
AVR were introduced as risk factors associated with brace 

effectiveness. Because of the small number of studies and 
heterogeneity of the data, these factors were excluded 
from the meta-analysis.

In response to the main query of this study, contrary 
to expectations, our findings indicated that the use of a 
brace is effective for controlling the curve progression of 
patients with AIS curves ≥40°. This finding was obtained 
from eight moderate quality studies. However, a signifi-
cant range in the effectiveness of bracing across different 
studies indicates a high heterogeneity of results, which 
may alter the strength of the analysis. Several factors may 
explain this discrepancy in the data, including the non-
uniform initial curve magnitude of the studied patients, 
the brace type, the degree of skeletal maturity, and the 
correction of the initial curve inside the brace. Findings 
regarding crucial factors that may contribute to long-term 
results of brace treatment for patients with AIS curves 
≥40° are discussed in the following section.

1. Risk factors

Various radiological and clinical factors may impact the 
efficacy of full-time bracing in AIS. These factors include 
coronal deformity angular ratio (C-DAR), age, sex, menar-
chal status, body mass index, initial curve magnitude, in-
brace curve correction, curve flexibility, curve type, skeletal 
maturity, vertebral rotation, and compliance [26-28]. In a 
review study by van den Bogaart [27], it was shown that 
there is strong evidence between lack of in-brace correc-
tion and failure of brace treatment in AIS. Additionally, 
moderate evidence was reported for an association be-
tween lack of brace compliance and treatment failure.

In this study, after a thorough literature review, five 
studies examined the related risk factors for success/
failure of bracing while evaluating its effectiveness in AIS 
curves ≥40° [11,12,14,15,25]. Findings from a review 
of these factors showed that among the factors related 
to brace effectiveness, AVR was examined in only one 
study [14], and in-brace curve correction was assessed in 
two studies [11,25]. Also, the role of the Risser stage was 
examined in five studies [11,12,14,15,25]. Four of these 
studies reported that the lower the Risser stage, the higher 
the risk of curve progression [11,12,15,25]. In contradic-
tion with these results, Aulisa et al. [14] reported that the 
lower the Risser stage, the higher the average curve cor-
rection. As a potential explanation for this discrepancy, a 
recent study reported that the magnitude of initial C-DAR 
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altered the amount of in-brace curve correction and the 
final results of brace treatment in AIS [28]. It is possible 
that the heterogeneity in the results of the initial Risser 
stage on the final bracing outcome of patients with curves 
exceeding 40° is due to differences in the amount of initial 
C-DAR. Simultaneous consideration of the C-DAR and 
the Cobb angle during the evaluation for bracing efficacy 
may help characterize results more accurately and should 
be considered in future studies.

Four studies evaluated initial curve magnitude as a fac-
tor in the effectiveness of bracing [11,12,15,25]. In one 
study, initial curve magnitude significantly correlated with 
bracing efficacy [11], whereas no correlation was observed 

in the other three studies [12,15,25]. These relationships 
may partly be explained by differences in the curve type of 
the included patients. In the study by Razeghinezhad et al. 
[11], the rate of curve progression between patients with 
curves of 40°–45°, 46°–50°, and 51°–55° was examined. 
The results showed that the rate of curve progression was 
significantly different between individuals with curves of 
40°–45° and 51°–55°. Failing to account for this observed 
difference, in two studies, patients were divided into two 
groups of less and more than 45° Cobb angles [12,15]. In 
one study, only patients with an initial curve magnitude of 
40°–45° were included [25].

Collectively, the current study highlights the need for 
further and higher-quality studies that adhere rigidly to 
the Scoliosis Research Society guideline. In future stud-
ies, it is prudent to carefully examine the parameters that 
predict the outcome of brace treatment for AIS cases with 
≥40° curves. The use of more accurate and newer skeletal 
maturity methods, such as the Sanders staging method 
[29], is recommended in addition to the Risser stage. 
Finally, although the compliance rate was reported to be 
high in all articles included in this review, the compliance 
evaluation method was subjective. Patients’ desire to avoid 
PSF may have impacted their reported compliance with 
bracing. Using objective methods, such as heat-sensitive 
technology, to monitor the daily hours of wearing a brace 
may provide more accurate information [30].

Table 4. Results of Egger’s test

Standard effect Coefficient Standard error t-value p-value>|t | 95% Confidence interval

Slope -0.79   2.07 -0.04 0.97 -5.41 to 5.27

Bias -3.69 11.19 -0.33 0.75 -32.46 to 25.07

Fig. 3. Egger’s linear graphs for the final Cobb angle.

Study    After bracing                                                       Before bracing SMD (95% CI) Weight (%)

Zhu et al. [12] (2017) 0.05 (-0.32 to 0.42) 16.82

Weiss et al. [24] (2017) -0.45 (-0.84 to -0.06) 16.77

Negrini et al. [10] (2011) -1.59 (-2.27 to -0.91) 15.76

Razeghinezhad et al. [11] (2021) 0.29 (-0.07 to 0.65) 16.85

Verhofste et al. [15] (2020) -2.22 (-2.58 to -1.87) 16.87

Aulisa et al. [14] (2019) -1.82 (-2.14 to -1.50) 16.94

Overall (I2=96.9%, p=0.000) -0.95 (-1.85 to -0.06) 100.00

Fig. 2. Fix-effects model analysis for bracing on Cobb angle outcome. Weights are from random effects analysis. SMD, standardized mean difference; CI, confi-
dence interval.
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2. Limitations

As an initial limitation, five studies included in this analy-
sis had a retrospective observational design that can result 
in bias due to inherent limitations of a retrospective study 
design [10-12,15,25]. Additionally, only articles in English 
were included, potentially limiting the inclusion of impor-
tant findings in non-English-language manuscripts. Fur-
thermore, because of the high heterogeneity of the data and 
the small number of studies, it was impossible to pool the 
data. According to the bracing committee of the Scoliosis 
Research Society, patients with initial Risser stages 0–2 are 
at higher risk for curve progression than those with Risser 
stages 3–5 [5]. In this systematic review, three studies in-
cluded patients with initial Risser stages 0–2 [11,15,24], 
two included patients with initial Risser stages 0–3 [12,25], 
and three included patients with initial Risser stages 0–4 
[10,13,14]. This can affect the generalizability of our find-
ings. A recently published study revealed that 14.8% of AIS 
cases with Risser stage ≥3 and an average curve magnitude 
of 31°, which were not treated with a brace, experienced 
curve progression [31]. What is now needed is a study in-
volving patients with Risser stage ≥3 and curve magnitude 
>40° to determine the progression rate of this popula-
tion. As a final limitation, the type of brace may affect the 
treatment outcome. Various braces were used in the eight 
articles included in this systematic review, potentially alter-
ing the generalizability of the results.

Conclusions

The current study demonstrated the potential efficacy of 
brace utilization for controlling curve progression in pa-
tients with AIS with curve magnitudes of >40°. Still, the 
risk factors associated with the success or failure of the 
treatment remain unclear.
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