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Abstract 

Objective: to analyse the efficacy of Corrective exercise-based therapy in the improvement of 

deformity and quality of life in adolescent idiopathic scoliosis.

Data Sources: PubMed Medline, Scopus, Web of Science, Physiotherapy Evidence Database, 

CINAHL Complete and SciELO, until June 2021.

Review methods: Randomized controlled trials was selected, including participants 

diagnosed with adolescent idiopathic scoliosis, in which the experimental group received 

Corrective exercise-based therapy. Two authors independently searched the scientific literature 

in the data sources, extracted the data and assessed the risk of bias. A pairwise meta-analysis 

using the random-effects model was performed.

Results: Eight randomized controlled trials providing data from 279 adolescent idiopathic 

scoliosis patients were included. Seven randomized controlled trials including 236 patients 

showed moderate-quality evidence for a medium effect (SMD=-0.52, 95% CI -0.96 to -0.1), 

favouring corrective exercise-based therapy for spinal deformity reduction. Corrective 

exercise-based therapy was better than no intervention (SMD=-0.59, 95% CI -1.18 to -0.01) 

but similar to other intervention (SMD=-0.2, 95% CI -0.67 to 0.27), and a medium effect 

was found (SMD=-0.51, 95% CI -0.89 to -0.13) when corrective exercise-based therapy 

was used with other therapies. Four studies including 151 patients showed low-quality 

evidence of a large effect of Corrective exercise-based therapy on Scoliosis Research 

Society measurement (SRS-22) total score improvement (SMD=1.16, 95% CI 0.36 to 

1.95).

Conclusion: In mild and moderate adolescent idiopathic scoliosis patients, corrective 
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exercise-based therapy could be used to reduce spinal deformity and to improve quality of life 

as isolated treatment or as coadjuvant treatment combined with other therapeutic resources.
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Abstract 

Objective: to analyse the efficacy of Corrective exercise-based therapy in the 

improvement of deformity and quality of life in adolescent idiopathic scoliosis.

Data Sources: PubMed Medline, Scopus, Web of Science, Physiotherapy Evidence 

Database, CINAHL Complete and SciELO, until June 2021.

Review methods: Randomized controlled trials was selected, including participants 

diagnosed with adolescent idiopathic scoliosis, in which the experimental group 

received Corrective exercise-based therapy. Two authors independently searched the 
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scientific literature in the data sources, extracted the data and assessed the risk of bias. 

A pairwise meta-analysis using the random-effects model was performed.

Results: Eight randomized controlled trials providing data from 279 adolescent 

idiopathic scoliosis patients were included. Seven randomized controlled trials 

including 236 patients showed moderate-quality evidence for a medium effect (SMD=-

0.52, 95% CI -0.96 to -0.1), favouring corrective exercise-based therapy for spinal 

deformity reduction. Corrective exercise-based therapy was better than no intervention 

(SMD=-0.59, 95% CI -1.18 to -0.01) but similar to other intervention (SMD=-0.2, 95% 

CI -0.67 to 0.27), and a medium effect was found (SMD=-0.51, 95% CI -0.89 to -0.13) 

when corrective exercise-based therapy was used with other therapies. Four studies 

including 151 patients showed low-quality evidence of a large effect of Corrective 

exercise-based therapy on Scoliosis Research Society measurement (SRS-22) total 

score improvement (SMD=1.16, 95% CI 0.36 to 1.95).

Conclusion: In mild and moderate adolescent idiopathic scoliosis patients, corrective 

exercise-based therapy could be used to reduce spinal deformity and to improve quality 

of life as isolated treatment or as coadjuvant treatment combined with other therapeutic 

resources.
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INTRODUCTION

Corrective exercise-based therapy is a common therapeutic resource that has been 

recommended by the guidelines developed in 2011 by the International Scientific 

Society on Scoliosis Orthopedic and Rehabilitation Treatment (SOSORT).1 The 

exercises used to treat adolescent idiopathic scoliosis are usually called physiotherapy 

scoliosis-specific exercises and are derived from schools, such as the Scientific 

Exercises Approach to Scoliosis or the Catharina Schroth methods.2 Corrective 

exercise-based therapy  has been recommended as the first step to treat adolescent 

idiopathic scoliosis to prevent or limit progression of the deformity, whereas the use of 

braces has been recommended in patients with evolutive idiopathic scoliosis above 25° 

during growth.3 However, these recommendations are not based on strong evidence, and 

the research has focused on knowing the effect of corrective exercise-based therapy to 

improve the main outcome variables (spinal deformity and quality of life) when 

compared with observation or with other conservative treatments, such as spinal 

orthosis (brace) or spinal tractions, or when combined with these other options. 

The profusion of studies of varying quality and therapeutic approaches has led some to 

locate the available evidence and synthesize it in different systematic reviews.4–6 

However, the reviews often lack quantitative synthesis, and some meta-analyses have 

focused on the effect of specific treatment methods, introducing a large number of 

studies of dubious quality, which challenges the validity of their conclusions. Currently, 

the number of randomised clinical trials available may be appropriate to globally 

synthesize the effect of corrective exercise-based therapy on trials of sufficient quality 

to reach valid results. 
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Therefore, the research question for this systematic review was:

1. Does corrective exercise-based therapy improve spinal deformity and quality of 

life compared with other interventions or no intervention in patients with 

adolescent idiopathic scoliosis?

METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement7 was used to carry out this systematic review with meta-analysis, which was 

previously registered in the PROSPERO International Prospective Register of 

Systematic Reviews (identification number CRD42020197164).8

Two authors (Francisca Gámiz-Bermúdez and Noelia Zagalaz-Anula) independently 

searched the scientific literature in the PubMed Medline, Scopus, Web of Science 

(WOS), PEDro (Physiotherapy Evidence Database), CINAHL Complete and SciELO 

databases until June 6, 2021. In addition, reference lists from retrieved full-text studies, 

guidelines, expert documents and previous reviews were consulted in this literature 

search. According to the Cochrane Library recommendations, the PICOS tool9 was used 

to identify potential studies with our search strategy. No filters related to language and 

publication date were established. A third author (Esteban Obrero-Gaitán) was 

consulted about doubts related to the bibliographic search. In Supplementary Table 1, 

the search strategy employed in each database is shown.

Two authors (Francisca Gámiz-Bermúdez and Noelia Zagalaz-Anula) independently 

screened the potential studies by title/abstract. A study was examined in detail if an 
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author selected it during the initial screening. Disagreements were resolved by 

consultation with a third author (Rafael Lomas-Vega).

The inclusion criteria were as follows: (1) studies including participants diagnosed with 

adolescent idiopathic scoliosis aged between 10 years and skeletal maturity; (2) studies 

in which the experimental group received corrective exercise; (3) studies in which the 

control group received other therapies, such as bracing or observation only or no 

intervention; (4) studies assessing the effect on the Cobb angle or quality of life of 

participants after applying the exercise programs; and (5) studies following the 

experimental design of randomized controlled trials or controlled clinical trials; (6) 

quantitative data available to carry out the meta-analysis.  The proposed exclusion 

criteria are listed as follows: (1) studies in which the sample did not comprise only 

participants with adolescent idiopathic scoliosis; (2) studies without valid comparison 

groups that did not undergo exercise therapy; and (3) studies that did not provide 

sufficient data for inclusion in the quantitative synthesis of this review (mean, standard 

deviation).

Two independent reviewers (Francisca Gámiz-Bermúdez and Noelia Zagalaz-Anula) 

extracted data from the included studies using a standardized Excel data-collection 

form. A third author (Rafael Lomas-Vega) was consulted to resolve the issues that 

arose. Data extracted from each selected study were authorship and publication date, 

study design, sample characteristics of the experimental and control groups (sample 

size, age, gender ratio and initial Cobb angle) and characteristics of the experimental 

and control intervention (type of intervention and duration of the protocol therapy in 

weeks, number of sessions per week and minutes per session). Finally, we extracted 
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data related to the outcomes (Cobb angle and Quality of life) following validation 

procedures.9,10

The main outcome measure was spine deformity (primary outcome), measured with the 

Cobb angle, which is considered the gold standard measure to evaluate the degrees of 

deformation of the spine curvature in adolescent idiopathic scoliosis.11 The secondary 

outcome was Quality of life measured with instruments as the Scoliosis Research 

Society12 measurement (SRS-22) and its different dimensions13 or other Quality of life 

instruments.

The methodological quality of the included studies was assessed with the Cochrane 

Collaboration Risk of Bias Tool14 by two authors (Francisca Gámiz-Bermúdez and 

Noelia Zagalaz-Anula) independently, and disagreements were resolved by a third 

author (Rafael Lomas-Vega). Also, the quality of evidence of the meta-analysis findings 

was assessed using The Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) assessment.15 

One author (Esteban Obrero-Gaitán) performed the meta-analysis using Comprehensive 

Meta-Analysis version 3.0 software (Biostat, Englewood, NJ, USA).16 The suggestions 

of Cooper et al. (2009)17 presented in the Handbook of Research Synthesis and Meta-

Analysis and Higgins and Green (2011)9 in the Cochrane Handbook for Systematic 

Reviews of Interventions were taken into account to develop the meta-analysis. Meta-

analysis was carried out only if at least two studies provided outcome data. Pooled 

effects were calculated using Cohen’s standardized mean difference (SMD)18 and its 

95% confidence interval (95% CI) in a random-effects model proposed by DerSimonian 
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and Laird with the aim of generalizing our findings. Cohen’s SMD is interpreted as 

small (SMD 0.2), medium (SMD 0.5) and large (SMD > 0.8).19 In addition, we 

calculated the mean difference (MD) in a random-effects model. Forest plots were used 

to display the findings in each meta-analysis.20 

The risk of publication bias was estimated by visualizing the funnel plot (symmetry 

indicates low risk and asymmetry indicates high risk),21 with Egger’s test (p-value < 0.1 

indicates risk of publication bias)22 and with the trim-and-fill method. We used the trim-

and-fill method to estimate the adjusted pooled effect (adjusted SMD), taking into 

account any possible risk of publication bias.23 When the adjusted SMD varied more 

than 10% with respect to the original and raw pooled effects, the quality level of 

evidence was downgraded one level, although the funnel plot was slightly 

asymmetrical.24

The leave-one-out method (or one study removed) was used in the sensitivity analysis. -

This method involves performing a meta-analysis on each subset of the studies obtained 

by leaving out exactly one study.17 It shows how each individual study affects the 

overall estimate of the rest of the studies assessing the contribution of each study to the 

pooled effect in each meta-analysis.17

After assessing the effect of corrective exercise-based therapy (with or without other 

interventions) versus other interventions or no intervention on Cobb angle and quality 

of life (overall meta-analysis), subgroup analyses were conducted to assess possible 

differences in the effect according to the use alone or combined with corrective 
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exercise-based therapy in comparison to other therapies.

RESULTS

A total of 324 records were identified from the initial database search. After excluding 

duplicates using Mendeley v 1.19.8, 180 references were screened by title/abstract. One 

hundred fifty-one references were excluded for not being relevant or not meeting the 

inclusion criteria. Finally, 8 randomized controlled trials25–32 were included in this review. 

Figure 1 shows the PRISMA flow chart depicting the bibliographic search reports and the 

study selection process.

Eight randomized controlled trials25–32 provided 23 independent comparisons and 

reporting data of 279 adolescents with adolescent idiopathic scoliosis with a mean age 

of 12.7 ± 1.22 years old and a mean initial Cobb angle of 33.87 ± 13.18 degrees. Of the 

total participants, approximately 86.4% were girls (approximation using data provided 

only by seven studies).26–32 One hundred forty-five participants comprised the 

experimental intervention group  and 134 the comparison control group. Experimental 

interventions duration in weeks was from 1 to 52 weeks; performed between 1 and 7 

sessions per week; and with a duration in minutes from 10 to 120 min. The specific 

comparisons identified were: (1) corrective exercise-based therapy versus observation 

or no intervention; (2) corrective exercise-based therapy versus orthotic intervention; 

and (3) corrective exercise-based therapy in combination with other interventions versus 

others. The spinal deformation using the Cobb angle was obtained from seven 

studies.25–28,30–32 Second, we obtained the effect of corrective exercise-based therapy on 

quality of life, assessed with the Scoliosis Research Society 22 measurement (SRS-22) 

from four studies.27–29,32 On quality of life, we also obtained the effect of corrective 
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exercise-based therapy on different domains of the Scoliosis Research Society 22 

measurement (SRS-22), such as pain,27,29,32 function,27,29,32 self-perceived image27,29,32 

and mental health.27,32 Table 1 shows the main characteristics of the studies included in 

the review.

The Cochrane Collaboration Risk of Bias Tool14 (Supplementary Table 2) indicated risk 

of bias mainly in the sections of Concealment of Randomization Sequence, Blinding  of 

Participants and Blinding of Outcomes Assessors.

Seven studies25–28,30–32 with seven independent comparisons provided data from 236 

participants with a mean age of 12.68 ± 1.37 years and an initial mean Cobb angle of 

32.52 ± 10.41 degrees. Moderate-quality evidence of a medium effect of corrective 

exercise-based therapy on Cobb angle (SMD -0.526; 95% CI -0.96 to -0.1; p 0.018) was 

reported favoring corrective exercise-based therapy in comparison to other therapies or 

simple observations (Figure 2, Table 2). Experimental intervention (corrective exercise-

based therapy) reduced the Cobb angle by -2.15 degrees (CI 95% -3.92 to -0.36; p 

0.018) compared to other therapies or no intervention. The funnel plot was slightly 

symmetric, and trim-and-fill estimation did not report effect variation with respect to the 

original SMD (Supplementary Figure 1). The sensitivity analysis yielded pooled 

estimates that varied by 31% (SMD -0.354), excluding Vieira-Toledo, PC et al. 2011.31

The subgroup analyses reported very low-quality evidence of a medium effect of 

corrective exercise-based therapy versus simple observation28,31 (SMD -0.59; 95% CI -

1.18 to -0.01; p 0.049), reducing the Cobb angle by -4.33 degrees (95% CI -6.77 to -1.9; 

p < 0.001). In addition, low-quality evidence of a medium effect of corrective exercise-
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based therapy 26,27,30 (SMD -0.51; 95% CI -0.89 to -0.13; p 0.008) combined with other 

therapies in comparison with others showed that a reduction in Cobb angle degrees 

favoring corrective exercise-based therapy of -2.33 (95% CI -3.91 to -0.74; p 0.004) 

(Table 2). However, no statistically significant differences were found between 

corrective exercise-based therapy  and orthotic intervention25,32 (SMD -0.2; 95% CI, -

0.67 to 0.27; p 0.41). A funnel plot with subgroup analysis is shown in Supplementary 

Figure 2.

Four studies27–29,32 with four independent comparisons provided data from 151 

participants (mean age 13.17 ± 0.7 years old and initial mean Cobb angle of 36.58 ± 

10.52 degrees). Low-quality evidence of a large effect of corrective exercise-based 

therapy on Quality of life (SMD 1.16; 95% CI 0.36 to 1.95; p 0.004) was found to favor 

corrective exercise-based therapy in comparison to other therapies or no intervention 

(Figure 3, Table 2). In addition, an increase of 1.14 points (95% CI 0.38 to 1.9; p 0.004) 

on the Scoliosis Research Society 22 measurement (SRS-22) was produced by 

corrective exercise-based therapy in contrast to other therapies or no intervention. The 

asymmetric funnel plot and the trim-and-fill estimation (SMD adjusted 1.29 and 13% of 

variation with respect to the original SMD) showed a possible risk of publication bias 

(Supplementary Figure 3). No heterogeneity was present (Table 2), and the precision 

level was low (37.8 participants per study). The sensitivity analysis (leave-one-out 

method) yielded pooled estimates that varied by 34% (SMD = 0.78) with respect to the 

original pooled estimate when Zheng, Y et al. 201832 was identified. Subgroup analyses 

are shown in Table 2.

Finally, a meta-analysis to assess the effect of corrective exercise-based therapy 
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compared to others or no intervention on each dimension of the Scoliosis Research 

Society 22 measurement (SRS-22) (pain, function, self-perceived image and mental 

health) was carried out. The results are summarized in Table 2.

DISCUSSION

Our results showed moderate-quality evidence of a medium effect of corrective 

exercise-based therapy over the main outcome in adolescent idiopathic scoliosis, spinal 

deformity measured with the Cobb angle. Regarding Quality of life, our results showed 

low-quality evidence for a large effect of corrective exercise-based therapy intervention 

over the total Scoliosis Research Society 22 measurement (SRS-22) score. Although the 

quality evidence of the effect on the main dimensions of quality of life is limited, 

corrective exercise-based therapy seems to show a medium or large effect on pain, self-

image and mental health but not on function.

Some reviews with meta-analyses have focused on specific exercise modalities, such as 

the Schroth Method. In these works, the admission of many types of studies and the 

incomplete analysis of the quality of the evidence have made it difficult to draw valid 

conclusions.6 In reviews with more demanding eligibility criteria, the number of 

randomized controlled trials has been very limited, which has led to the attainment of 

very low-quality evidence.33 Our work combined the pooled effect of all types of 

corrective exercises, showing moderate-quality evidence for the main outcome variable, 

spinal deformity measured with the Cobb angle.

The most complete meta-analysis on this issue developed to date is that of Thompson et 

al.4 However, our results differ greatly from those of this work due to the different 
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concepts of exercises. Whereas Thomson et al. compared the exercises included in 

physiotherapy scoliosis-specific exercises schools versus other exercise modalities, we 

considered comparisons of any type of corrective exercise with other therapies, such as 

observation, orthosis or usual care. Some studies that Thompson et al. included in their 

review have been rejected with our criteria because they compare different exercise 

modalities.34–37

The most recent systematic review analysed the effectiveness of core exercise for 

improving spinal deformity and quality of life in patients with adolescent idiopathic 

scoliosis, finding a low or very low quality of evidence for a positive effect of this 

exercise modality.38 However, seven randomized controlled trials using Core, Schroth 

and Scientific Exercises Approach to Scoliosis (SEAS) exercises were included in this 

meta-analysis. With the eligibility criteria of this review, types of exercises that coincide 

with the concept of physiotherapy scoliosis-specific exercises with others that are 

usually included in "Core work" were included. We also found in this review some 

studies that included exercise groups in the comparison group, with which there is the 

same problem as in the aforementioned study.

Regarding spinal deformity measured with the Cobb angle, our results support the use 

of corrective exercise-based therapy as a single therapy in mild and moderate spinal 

curvatures. It showed a similar effect to orthopaedic techniques, such as traction or 

brace. Additionally, when corrective exercise-based therapy is performed alongside 

usual care or traditional rehabilitation, there does appear to be an additional benefit 

compared to performing usual care or traditional rehabilitation without exercise. Our 

work showed medium effect sizes for spinal deformity improvement, whereas other 
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work has shown small effect sizes for braces when compared with only observation.39

Regarding the effect size of corrective exercise-based therapy on quality of life 

dimensions, globally, corrective exercise-based therapy offers better results than other 

types of management, showing a large effect on the Scoliosis Research Society 22 

measurement (SRS-22). Scoliosis Research Society 22 measurement total score, with 

low-quality evidence. The improvement in Scoliosis Research Society 22 measurement 

dimensions seems to be better when using corrective exercise-based therapy compared 

to other options, and this occurs for all dimensions, except for the function, but with low 

or very low-quality evidence. Compared with other reviews, our results showed better 

effect sizes for quality of life improvement for corrective exercise-based therapy than 

those obtained with braces in the majority of the Quality of life dimensons.39,40

This study has several limitations. First, the low number of studies included in each 

meta-analysis could affect the generalizability of the results. Secondly, the inability to 

blind both participants and therapists identified with the Cochrane Collaboration Risk of 

Bias Tool may increase the risk of selection bias. Furthermore, it is important to 

consider the possible risk of publication bias. Thirdly, we may have failed to identify 

some studies not registered in the databases used. Another limitation is the low number 

of participants per study, which reduces the precision of our findings. Finally, in the 

sensitivity analysis, a variation in the original combined effect of more than 20% was 

found, which may affect the quality of our findings.

In light of the results of this review, clinicians should consider the use of corrective 

exercise alone or in combination with the use of orthoses for the treatment of mild to 
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moderate adolescent idiopathic scoliosis. Future studies should clarify the effect of the 

different corrective exercise modalities as well as the most appropriate dose in terms of 

number and duration of therapeutic sessions.

In conclusion, there is moderate-quality evidence that corrective exercise-based therapy 

has a medium effect on the magnitude of the curve reduction in subjects with adolescent 

idiopathic scoliosis. There is very low-quality evidence that corrective exercise-based 

therapy is better than no intervention but no better than orthotic management, and there 

is low-quality evidence that the joint use of exercises combined with usual care is better 

than usual care alone. There is low-quality evidence that corrective exercise-based 

therapy has a large effect on quality of life in subjects with adolescent idiopathic 

scoliosis when compared to other options. There is very low-quality evidence of a 

medium effect of corrective exercise-based therapy when combined with other options 

for improving quality of life. Corrective exercise-based therapy is probably better than 

other options to improve the pain, self-perceived image and mental health quality of life 

dimensions. Due to the low quality of this evidence, more research is needed to clarify 

the most effective combination therapy to improve the main results in adolescent 

idiopathic scoliosis subject management. Additionally, the evidence is insufficient to 

probe whether exercise modality is more effective in improving spinal deformity and 

quality of life.

Clinical messages

 Corrective exercise-based therapy can decrease spinal deformity and improve quality 

of life in adolescent idiopathic scoliosis, whether used as single therapy or in 

combination with usual care.
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 The quality of evidence found is moderate to low, which diminishes the strength of 

these recommendations and indicates the need for more research.
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Table 1. Characteristics of the Studies Included in the Review

K=Number of comparisons provided. N=Total Sample Size. Ne=Experimental group sample size. CA=Cobb Angle. Ses=Sessions. Min=Minutes. N=Control group 

sample size. SSE=Scoliosis Specific Exercise. NR=No Reported. DHE=Daily Home Exercises. GPR=Global Postural Reeducation. SEAS=Scientific Exercise Approach to 

Scoliosis UC = Usual Care.

EXPERIMENTAL GROUP CONTROL GROUP
Sample Characteristics Intervention Characteristics Sample Characteristics

Authorship, date and 
country

K Ne Age mean Initial CA 
mean

Female Type Weeks Ses/
week

Min Nc Age mean Initial CA 
mean

Female Type 
Control

Dickson, RA et al 1978 
(USA)

2 10 13.6 40 NR SSE 1.14 7 120 10 13.1 42 NR Traction

Gao, C et al 2019 
(China)

3 23 12.2 
(10-14)

29.13 
± 4.32

78% SEAS + 
Brace

24 7 10–15 22 12.1
(10-14)

28.64 
± 3.91

81% Brace

Gur, G et al 2017 
(Turkey)

3 12 14.2 ± 1.8 35 ± 11.82 92% Core + 
Traditional

10 2 60 13 14 ± 1.6 31.4 ± 6.97 100% Brace

Kuru, T et al 2016 
(Turkey)

1 15 12.9 ± 1.4 33.4 ± 8.9 93% Schroth 24 3 90 15 12.8 ± 1.2 30.3 ± 30.3 87% Observation

Schreiber, S et al 2015 
(Canada)

3 23 13.5
(12.7-14.2)

29.1 
(25.4-32.8)

100% Schroth + 
UC

24 1 60 20 13.3 
(12.7-13.9)

27.9 
(24.3-31.5)

100% UC

Schreiber, S et al 2016 
(Canada)

3 23 13.5
(12.7-14.2)

29.1 
(25.4-32.8)

100% Schroth + 
UC

24 1 60 20 13.3 
(12.7-13.9)

27.9 
(24.3-31.5)

100% UC

Vieira-Toledo, PC et al 
2011 (Brazil)

1 10 10 15.1 ± 2.51 45% GPR 12 2 25–30 10 10 14.7 ± 3.77 45% Observation

Zheng, Y et al 2018 
(China)

2 29 12.4 ± 0.9 27 ± 3.6 75% SEAS 52 1 40 24 12.3
± 0.8

28
± 3.6

80% Brace
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Table 2. Main Findings in Meta-Analyses

K=Number of comparisons. N=Total Sample Size. Ns=Participants per Study. SMD=Standardized Mean Difference. 95% CI=95% Confidence Interval. % var=Percentage of 
variation. Incons=Inconsistency. Indirect=Indirectness. Imprec=Imprecision. Sym=Symmetric. Asym=Asymmetric.

SUMMARY OF FINDINGS QUALITY EVIDENCE
                         EFFECT SIZE             PUBLICATION BIAS GRADE ASSESSMENT

K N Ns SMD 95% CI Funnel 
Plot

Trim-
and-fill 
(% var)

Risk Incons. 
I2 (%)

Indirect. Imprec. Risk 
of 

bias

Quality

SPINAL DEFORMITY (COBB ANGLE)
Corrective exercise-based therapy vs Others 

(overall)
7 236 33.7 -0.52 -0.96, -0.1 Sym 0% No No; 13.08% No Yes Yes Moderate

Corrective exercise-based therapy vs Simple 
Observation

2 50 25 -0.59 -1.18, -0.01 - - Prob Yes; 80% No Yes Yes Very Low

Corrective exercise-based therapy vs Orthotic 
Intervention

2 73 36.5 -0.2 -0.67, 0.27 - - Prob Yes; 69% No Yes Yes Very Low

Corrective exercise-based therapy + Others vs 
Others

3 113 37.6 -0.51 -0.89, -0.13 Sym 0% No No; 12% No Yes Yes Low

QUALITY OF LIFE (SRS-22)
SRS-22 

Dimension
Comparison

(Corrective exercise-based 
therapy vs Others)

4 151 37.8 1.16 0.36, 1.95 Asym 13% Yes No; 0.92% No Yes Yes LowTotal Score

(Corrective exercise-based 
therapy + Others vs Others)

2 68 34 0.76 0.29, 1.23 - - Prob No; 0% No Yes Yes Very Low

(Corrective exercise-based 
therapy vs Others)

3 111 37 0.86 0.2, 1.54 Sym 0% No No; 7.9% No Yes Yes LowPain

(Corrective exercise-based 
therapy + Others vs Others)

2 68 34 1.17 0.44, 1.89 - - Prob No; 0% No Yes Yes Very Low

(Corrective exercise-based 
therapy vs Others)

3 111 37 0.79 -0.17, 1.76 Sym 0% No No; 0% No Yes Yes LowFunction

(Corrective exercise-based 
therapy + Others vs Others)

2 68 34 0.30 -0.16, 0.76 - - Prob No; 0% No Yes Yes Very Low

(Corrective exercise-based 
therapy vs Others)

3 111 37 0.44 0.08, 0.8 Asym 50% Yes Prob; 34% No Yes Yes Very LowSelf-Perceived 
Image

(Corrective exercise-based 
therapy  + Others vs Others)

2 68 34 0.188 -0.27, 0.65 - - Prob No; 10% No Yes Yes Very Low

Mental Health (Corrective exercise-based 
therapy  vs Others)

2 78 39 0.88 0.4, 1.38 - - Prob Yes; 82% No Yes Yes Very Low
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow chart for the systematic literature search and study selection process.
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Figure 2. Forest Plot Overall Cobb Angle (SMD)

Figure 3. Forest Plot Overall Quality of Life (SMD)
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Supplementary table 1. Search Strategy Used in each Database

DATABASE SEARCH STRATEGY

PubMed Medline

(scoliosis[mh] or scoliosis[tiab] or idiopathic scoliosis[tiab] or spinal curvatures[mh] or spinal curvatures[tiab] or 
kyphosis[mh] or kyphosis[tiab] or lordosis[mh] or lordosis[tiab]) AND (exercise[mh] or exercise[tiab] or exercise 

therapy[mh] or exercise therapy[tiab] or muscle stretching exercise[mh] or muscle stretching exercise[tiab] or 
resistance training[mh] or resistance training[tiab] or physical exercise[tiab] or physical activity[tiab] or exercise 

training[tiab] or therapeutic exercise[tiab])

SCOPUS

((TITLE-ABS-KEY ("scoliosis" or "idiopathic scoliosis" or "spinal curvatures" or "kyphosis" or "lordosis") AND 
TITLE-ABS-KEY(“exercise” or “exercise therapy” or “exercise training” or “muscle stretching exercise” or 

“resistance training” or “physical exercise” or “physical activity” or “therapeutic exercise”))

Web of Science TOPIC:((*soliosis* OR *idiopathic scoliosis* OR *spinal curvatures*)) AND TOPIC :((*exercise* OR *exercise 
therapy* OR *therapeutic exercise*)) AND TOPIC:((*clinical trial*))

PEDro idiopathic scoliosis AND exercise
CINAHL (MH idiopatic scoliosis OR AB scoliosis OR AB spinal curvatures) AND (MH exercise OR AB therapeutic 

exercise OR AB exercise therapy)
SciELO idiopathic scoliosis AND therapeutic exercise
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Supplementary table 2. Analysis of the Risk of Bias in the Included Studies.

Selection Bias Performance Bias Detection Bias Attrition Bias Reporting Bias Other Bias

Author and Year
Random 

Sequence 
Generation

Concealment of 
Randomization 

Sequence

Blinding 
of Participants

Blinding of 
Outcomes 
Assessors

Incomplete 
Outcome Data

Selective 
Reporting

Other, Ideally 
Prespecified

Dickson, RA et al 1978 - + + ? + + +
Gao, C et al 2019 - + + - - - -
Gur, G et al 2017 - ? - + - - -
Kuru, T et al 2016 - - + + - - -

Schreiber, S et al 2015 - - + - - - -
Schreiber, S et al 2016 - - + - - - -
Vieira-Toledo, PC et 

al 2011 - ? + + ? + -

Zheng, Y et al 2018 - - + + - - -
Abbreviations: “+” = high risk of bias, “-” = low risk of bias, “?” = inadequate data for the evaluation.
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PRISMA 2009 Checklist

Section/topic # Checklist item Reported 
on page # 

TITLE 
Title 1 Identify the report as a systematic review, meta-analysis, or both.  
ABSTRACT 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. 

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

METHODS 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  
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For Peer Review

PRISMA 2009 Checklist

Section/topic # Checklist item Reported 
on page # 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

RESULTS 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram.  

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  
Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers).  

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 

FUNDING 
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review.  

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org. 
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