
RESEARCH ARTICLE Open Access

Effectiveness of scoliosis-specific exercises
for alleviating adolescent idiopathic
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Abstract

Background: Adolescent idiopathic scoliosis (AIS) is the most common pediatric spinal deformity with reported

complications including pain, mental health concern and respiratory dysfunction. The scoliosis-specific exercise (SSE)

is prescribed throughout pubertal growth to slow progression although effects are unclear. This review aims to

establish the effectiveness of SSE for alleviating AIS in terms of reducing Cobb angle, improving trunk asymmetry

and quality of life (QoL). Additionally, it aims to define the effects of age, skeletal maturity, curve magnitude and

exercise compliance on the outcomes of SSE.

Methods: A systematic reviewed was conducted to net SSE articles. Searched databases included PubMed, MEDL

INE, Cochrane Library, Scopus, CINAHL and Google scholar. The quality of study was critically appraised according

to the PEDro scale.

Results: A total of ten trials with an average PEDro score of 6.9/10 were examined in this study. Two randomized

controlled trials (RCTs) and two clinical controlled trials suggested that SSE alone and with bracing or traditional

exercise had clinical significance in reducing Cobb angle more than 5°. One RCT specifically implicated no

comparable effects between bracing and SSE in prevention of curve progression for moderate scoliosis. There was

insufficient evidence to support the positive effects of SSE on improving truck asymmetry (n = 4) and QoL (n = 3).

Five studies evaluated the interaction effects of age (n = 2), skeletal maturity (n = 1) and curve magnitude (n = 2)

with SSE in reducing Cobb angle yet without drawing any firm conclusions.

Conclusions: Insufficient evidence is available to prove that SSE with or without other conservative treatments can

reduce Cobb angle, improve trunk balance and QoL. The interaction effects of age, skeletal maturity, curve

magnitude, and exercise compliance with SSE in reducing Cobb angle are not proven. Future studies should

investigate the relationship of influencing factors and SSE in treating AIS but not only testing its effectiveness.

Trial registration: INPLASY202050100.
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Background
Adolescent idiopathic scoliosis (AIS), characterized by

lateral deviation, axial rotation, and abnormal sagittal

curvature of the spine, is the most common (70–80%)

spinal deformity with unclear etiology [1]. Its prevalence

is approximately 0.47–5.2% in the general adolescent

population [2]. This condition may lead to cosmetic con-

cerns [3], pain [4], and respiratory dysfunction [5]. AIS

was reported in almost 10% of patients requiring either

conservative or surgical treatment [6]. Surgery is re-

served for severe curves of 50°, whereas bracing and

scoliosis-specific exercise (SSE) are reserved for mild

(10°–25°) and moderate (25°–45°) curves to prevent pro-

gression to the operative stage [7].

Bracing is the most common conservative treatment

if the Cobb angle is > 25° in patients with growth po-

tential [8–10]. It produces an external pushing force

to straighten the trunk and to derotate the rib cage.

Skeletal maturity [8], in-brace correction [11], curve

magnitude [12], flexibility [13–15] and compliance

with brace wearing [16] are significant factors influen-

cing the outcomes of brace treatment. However, bra-

cing can be stressful for patients, induce a flatter

back [17], and negatively affect quality of life (QoL)

[18–23]. Additionally, most braces are uncomfortable

to wear, resulting in poor brace-wearing compliance

[24]. In contrast, SSE is commonly accepted by pa-

tients [25]. Moreover, SSE is recommended alone or

as an add-on to bracing for preventing scoliosis pro-

gression [26]. Several techniques of SSE have been

established in previous studies [27–32]; some tech-

niques are described more often than others [33]. Al-

though the method used varies, all techniques adhere

to the same principle, namely: 1) three-dimensional

self-correction; 2) training activities of daily living;

and 3) stabilization of corrected postures [34]. Up-

dated studies have reported promising effects of SSE

on curve regression [35–48], which warrants a thor-

ough investigation.

The latest review concluded that no valid evidence

proved the effect of SSE on curve progression prevention

[49]. In particular, three studies have used the same co-

hort [43–45]; one was a single-arm prospective study

without a comparative untreated group [42]. Regarding

the National Health and Medical Research Council

(NHMRC) hierarchy of evidence [50], a randomized

control trial (RCT) is considered the best methodology

for answering intervention questions in a literature re-

view. Thus, the quality of enrolled studies in that review

was relatively poor [49]. Another three systematic re-

views enrolled studies between 2005 and 2017 and found

insufficient and low-quality clinical trials showing effects

of SSE on improving the scoliotic deformity [33, 51, 52].

One review confirmed the promising effects of the

Schroth method in curve regression but had analyzed

only four studies [51]; one review analyzed nine articles

of which three (33%) did not use SSE and one (11%) was

an outdated article published 15 years ago [33]. One

study analyzed eight articles of which three (37.5%) were

rated as being low quality (PEDro score: 3), one (12.5%)

had a retrospective study design, and 50% (n = 4) were

published 10 years ago [52]. A number of controlled

trials have been published after 2017, which calls for an

updated systematic review.

Based on currently available evidence, SSE may be

effective for improving spinal deformity; however, this is

supported by only low-quality evidence. Moreover, un-

like bracing, no review discussed the influencing factor

of SSE on scoliotic curvature improvement. Understand-

ing how SSE functions is crucial rather than accepting

its effectiveness. Therefore, this review aims to access

the most updated SSE studies that adhered to the Soci-

ety on Scoliosis Orthopedic and Rehabilitation Treat-

ment (SOSORT) exercise principle [34] to evaluate the

effect of SSE on scoliotic deformity improvement. More-

over, we aim to define the effects of age, skeletal matur-

ity, curve magnitude, and exercise compliance on SSE

outcomes.

Methods
Search strategy

This systematic review replicated the search strategy

adopted by the Cochrane Review from January 1, 2010

to February 29, 2020 in the following six databases:

PubMed, MEDLINE, Cochrane Library, Scopus, CINA

HL, and Google Scholar (Fig. 1). Key search items con-

sisted of “AIS”, or “idiopathic scoliosis”, and “exercise”,

or “scoliosis specific exercise”, or “physiotherapy”, or

“Schroth”, or “SEAS”, or “DoboMed, or “Side-shift” or

“FITs” or “randomi*” or “placebo” or “control*”. These

included subject headings, text words, methodological

terms, disorder terms, and treatment terms, and all are

listed in full in the search strategy in Additional file 1.

This review protocol was registered on the INPLASY.-

COM with registration number INPLASY202050100.

Searched results from each database were cross-checked

by two independent researchers. Potentially relevant ab-

stracts were screened based on the inclusion criteria,

and full-text articles were obtained for eligible results.

The two researchers discussed any disagreements

regarding accepting full-text articles until consensus was

achieved.

Inclusion criteria

The PICOS principle was applied to set the inclusion

criteria, specifically described as: 1) P (population):

adolescents with idiopathic scoliosis, 2) I (interven-

tion): reported any of the SSE methods in either
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study or control group, 3) C (comparison): compared

with traditional exercise, no treatment, standard care,

brace, or any other non-SSE, 4) O (outcome): Cobb

angle was reported in degrees as the primary outcome

to evaluate effects on curve regression, with or with-

out the secondary outcome defined as the truncal

asymmetry (angle of trunk rotation in degrees: ATR)

or condition-related function/QoL measured using

validated questionnaires (e.g. 22-item or 23-item

Scoliosis Research Society questionnaire), and 5) S

(study design): prospective studies with controls that

were published in or after 2010 were included.

Exclusion criteria

Any animal/pharmacological study, retrospective human

clinical trial, or prospective single-arm study written in a

language other than English or published before 2010

was excluded.

Evidence hierarchy and methodological appraisal

The NHMRC hierarchy of evidence was adopted to

evaluate the evidence level [50]. Level II evidence (RCT)

was considered the best methodology to answer

intervention-related questions in a systematic review.

However, considering the limited number of RCT in the

most up-to-date reviews [33, 49, 51, 52], prospective

clinical control trials (CCT: Level III) were also analyzed

in this study.

Methodological qualities were measured using the

PEDro scale [53]. The PEDro scale was proven to have

validity and reliability for evaluating the methodological

quality of clinical trials [53]. It has been commonly used

to evaluate physiotherapy studies [54]. The PEDro scale

scores methodology based on 10 items: 1) random allo-

cation, 2) concealed allocation, 3) similarity at baseline,

4) subject blinding, 5) therapist blinding, 6) assessor

blinding, 7) > 85% follow-up for at least one outcome, 8)

Fig. 1 Search flow chart
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intention-to-treat analysis, 9) between-group comparison

for at least one outcome, and 10) point and variability

measures for at least one outcome (Table 1). Items were

scored as either present [1] or absent (0). A score out of

10 ranked the study as having weak (PEDro score: 0–4),

moderate (PEDro score: 5–7), and strong (PEDro score:

8–10) quality.

Results
Search results

A total of 348 initial hits were obtained from six data-

bases. In total, 268 unrelated and 22 duplicate titles were

excluded after their titles and abstracts were screened

(Fig. 1). Up to 48 of 58 full-text articles were excluded

because of the following reasons: 1) ineligible study de-

signs (single-arm study: n = 8, retrospective study: n = 5,

observational study: n = 2, and feasible study: n = 3); 2)

incorrect interventions (head positioning: n = 1, general

stretching: n = 5, core muscle training: n = 7, spinal man-

ual therapy: n = 3, electrostimulation therapy: n = 2, and

traction: n = 1); 3) inappropriate patient population (n =

3, adult participants); 4) inappropriate outcomes (n = 2,

Cobb angle was not compared); 5) full-text was not in

English (n = 4); and 6) duplicates (n = 2, same cohort

with multiple publications). Finally, 10 articles were in-

cluded in this review (Fig. 1).

Evidence hierarchy and methodological appraisal

Eight articles with an RCT methodology (80%) were

classified as providing level II evidence [35–37, 41, 45–

48], and two articles with prospective CCT methodology

(20%) were classified as providing level III evidence [38,

40] (Table 1). The PEDro scale was ranked from 5 to 9,

with an average score of 6.9/10 for overall articles (Table

1). Specifically, the average scores of Schroth studies

[35–38, 45], scientific exercise approach to scoliosis

(SEAS) studies [41, 47, 48], and alternative SSE [40, 46]

studies were 6.4 (n = 5, score: 5–8), 8 (n = 3, score: 8–9),

and 6.5 (n = 2, score: 6–7), respectively. Criteria 4 (blind-

ing subjects) and 5 (blinding therapists) were not met

for 80% (n = 8) of studies [35–38, 45–48]. However, one

RCT [41] reported participant blinding, whereas one

CCT [40] reported therapist blinding.

Characteristics of included studies

Five trials adopted the Schroth method (Table 2). In par-

ticular, three RCTs compared the Schroth method alone

with standard care [45], Pilates [35], and home exercise

[37]; one CCT compared the Schroth method and bra-

cing with bracing alone for moderate scoliosis [38]; one

RCT compared the Schroth method and respiratory

exercises with the Schroth method alone for mild to

moderate scoliosis [36]. Three trials adopted the SEAS

method (Table 2). These included one RCT comparing

SEAS with core stabilization exercises in patients with

moderate scoliosis [47], one RCT comparing SEAS with

bracing for moderate scoliosis [48], and one comparing

SEAS with traditional exercises for mild scoliosis [41].

Another two studies adopted alternative SSE (body

awareness, and Xinmiao approach) [40, 46]: one was an

RCT comparing traditional exercises and body aware-

ness exercises with traditional exercise alone for both

mild and moderate scoliosis [46]; a CCT study grouped

participants by age (< 10 years, 10–12 years, and 13–15

years) to determine the relationship of age, skeletal

maturity, and gender with intervention effects [40].

Variations in intervention dosage were found, from

daily to every other day (Table 2). Four trials reported >

1-year follow-up, whereas six trials had study periods of

2–6 months (Table 3). However, only five studies

reported exercise compliance in percentage values of

prescribed dosage (Table 3).

Six studies compared the truncal asymmetry pre- and

post-intervention (Table 3). Four of them showed that

SSE was not superior to core exercises, traditional exer-

cises, and bracing for ATR improvement [38, 46, 47] or

shoulder balance [48]. Two studies showed better im-

provement of ATR in the study group [37, 41]. For QoL

(Table 3), five studies adopted the SRS-22 questionnaire

[38, 41, 46–48], and one study adopted the SRS-23 ques-

tionnaire [37]. However, a high initial score (mean score:

3.8–4.2) was noted in all studies (Table 3), with three

studies reporting better QoL outcomes in terms of func-

tion and mental domain, favoring the SSE group [41, 46,

48]. Two studies found no significant differences of QoL

between the groups in either adding SSE to bracing

treatment or comparing supervised SSE with home exer-

cises [37, 46]. Another study found improved pain

domain outcomes in the core exercise group only [47].

Proposed questions

1. Can SSE improve scoliotic deformity?

Ten studies with 494 participants were enrolled in this

review (Table 2). Five trials (three RCTs and two CCTs)

with moderate study quality showed significant curve

regression in terms of reducing Cobb angles beyond the

measurement error of 5° (Table 3). Three studies [35,

40, 41] enrolled participants with mild scoliosis (Cobb

angle: 10°–27°): Monticone et al. reported a decrease of

5.3° with SEAS but an increase of 1.7° with general exer-

cise at skeletal maturity [41]; Kim et al. found a large

curve regression from 23.6 ± 1.5° down to 12.0 ± 4.7° in

the Schroth group, whereas a reduction from 24.0 ± 2.6°

to 16.0 ± 6.9° was observed in the Pilates group after 3

months of exercises [35]; Liu et al. grouped participants

according to age and revealed that notable curve
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regressions were favored in patients younger than 13

years (a decrease of Cobb angle: 6.8 ± 5.5° for age < 10

years; 3.1 ± 4.2° for age 10–12 years) and with Risser

stage 0 (a decrease of Cobb angle: 5.7 ± 5.6°) at 2-year

follow-up [40]. Another two studies involved brace-

wearing patients with moderate scoliosis [38, 46]. Kwan

et al. found that 17% of the participants showed im-

provement with Schroth exercises, whereas only 4% im-

proved with no exercise at 1.5-year follow-up [38]. Yagci

et al. adopted body awareness exercise with bracing and

revealed a significant Cobb angle reduction (− 7.33 ±

2.78° vs 0.63 ± 4.34°, p < 0.05) of the thoracic curvature

between the groups [46].

Three RCTs showed statistically significant reductions

in Cobb angle, but differences were not of clinical sig-

nificance (Table 3). Kim et al. conducted an 8-week-long

study and reported a reduction of Cobb angle by 4.26 ±

1.36° after Schroth with respiratory exercises [36].

Schreiber et al. conducted a 6-month-long study and

demonstrated a 3.5° decrease in the largest curves but

only a decrease of 0.4° in the sum of curves (root mean

square value) with Schroth therapy [45]. Kuru et al. per-

formed a 6-month-long study with three groups and

found greater Cobb angle reduction (− 2.53°, p = 0.03) in

those who relied on supervised Schroth therapy [37].

Furthermore, two RCTs concluded that SSE was not

superior than either bracing or core muscle exercises in

improving scoliotic deformity (Table 3). Yagci et al.

compared the SEAS with core muscle exercises in par-

ticipants wearing a brace and revealed comparable ef-

fects between the thoracic (− 5.3 ± 2.2° vs 4.8 ± 2.6°) and

lumbar (− 4.1 ± 2.5° vs − 3.5 ± 3.0°) curvatures [47].

Zheng et al. compared the SEAS alone with bracing for

moderate scoliosis and suggested that a notable reduc-

tion in Cobb angle only favored the bracing group (bra-

cing: 5.58 ± 6.37° vs SEAS: 2.24 ± 3.19°, p = 0.01) [48].

2. Effects of age, skeletal maturity, curve magnitude,

and exercise compliance with SSE in reducing Cobb

angle.

Two studies investigated the relationship between age

and intervention effects [40, 41]. One RCT with high

study quality (PEDro: 9) revealed that in the SEAS

group, participants aged ≥13 years had better results

than younger patients (− 5.8° vs − 4.8°) [41]. One CCT

with moderate study quality (PEDro: 6) revealed the op-

posite result in terms of better outcomes (− 6.8 ± 5.5°/−

3.1 ± 4.2° vs − 1.5 ± 4.8°), favoring younger patients (< 13

years) [40].

One study analyzed the interaction effect of skeletal

maturity, in the form of Risser sign, with SSE in improv-

ing scoliotic deformity [40]. This study suggested that

subjects with Risser stage 0 significantly benefited from

SSE in curve regression compared with those with Risser

stage 3 (Risser stage 0: 5.7 ± 5.6° vs Risser stage 3: 2.1 ±

4.7°).

Two studies compared decreasing values in Cobb

angle between thoracic and lumbar curves (Table 3).

One study demonstrated that only body awareness ther-

apy could significantly improve thoracic curvatures, and

yet, no difference was detected in comparison with the

traditional exercise group [46]. Another study revealed

that both thoracic and lumbar Cobb angles decreased in

all participants wearing braces regardless of the exercise

strategy (SEAS vs Core muscle training) [47].

No study investigated the correlation of exercise com-

pliance with intervention effects. Five studies reported

exercise compliance in the percentage value of the pre-

scribed dosage (Table 3: 58 ± 0.27 to 88%) [38, 45–48],

of which three trials reported significant intergroup dif-

ferences in Cobb angles that were beyond measurement

error [38, 46, 48]: one study showed greater Cobb angle

reduction in patients undergoing brace with exercise

[38]; another study showed that bracing was superior to

exercise alone for moderate scoliosis [48]; and the third

study suggested body awareness exercise with bracing

could effectively improve scoliosis [46].

Discussion
This review aimed to estimate the effect of SSE on scoli-

otic deformity improvement. Unlike the previous reviews

[33, 51, 52], besides reporting a reduction in Cobb angle,

our review emphasized the true effect in terms of reduc-

tions beyond clinical measurement errors. The clinical

standard for individual curve regression was reported to

be > 5° [55]. Therefore, any change within or equal to 5°

was not considered as a true improvement. The most

updated meta-analysis revealed that few RCTs can be

used for effect size estimation [33], of which only three

SSE studies (two with a low risk of bias [41, 45] and one

with a high risk of bias [35]) showed a mean reduction

of only 5° (D-value of Cobb: − 8.95°, − 1.05°); three stud-

ies showed greater reductions but with a high risk of

bias [56–58]. Moreover, these three studies adopted no

typical SSE (core muscle training [56], posture education

[57], and traditional exercise therapy [58]) to compare

with untreated control therapies. Hence, this meta-

analysis concluded that only low-quality evidence is

available to suggest that SSE improves spinal deformity

[33]. Regarding the lack of studies to perform meta-

analysis, our study comprehensively reviewed the most

recent trials to estimate the effectiveness and clinical im-

portance of SSE in reducing Cobb angle.

According to our review, five studies with moderate to

high quality (PEDro: 6–9) reported a significant decrease

in Cobb angle beyond 5° (Table 3). Three studies in-

volved patients with moderate scoliosis, and thus,
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bracing was included as an intervention strategy. Specif-

ically, two studies adopted underarm orthosis [38, 46],

and one study did not report brace type [48]. Nonethe-

less, two of them consistently suggested that bracing

with SSE was superior to bracing alone or with trad-

itional exercise to treat moderate scoliosis [38, 46]. An-

other study implied that SSE could not replace bracing

to treat moderate scoliosis due to the lack of comparable

effects between the two methods [48]. However, none of

the studies reported the initial in-brace correction.

Therefore, the results can be challenged if the baseline

in-brace correction is not evenly distributed. Addition-

ally, a study demonstrated that SSE reduced correction

loss during the bracing period [59], which indicated that

the role of SSE during bracing was maintaining in-brace

correction. However, without reporting the initial in-

brace correction, it is not possible to determine whether

SSE enhanced or maintained in-brace correction. There-

fore, the role of SSE during the bracing period requires

further study. Two studies considered as moderate to

high quality (PEDro: 6–9) in this review compared SSE

alone with traditional care for mild scoliosis [40, 41].

They consistently suggested that SSE had significant ef-

fects on a curve regression for mild scoliosis until skel-

etal maturity. This is promising as curves < 30° are

unlikely to progress after skeletal maturity [5]. There-

fore, the findings of these two studies are of clinical

value and encouraging for patients with mild scoliosis to

commence SSE. Consequently, due to the limited num-

ber of eligible studies available, insufficient evidence is

available to prove the effect of SSE on curve regression

for mild scoliosis.

For secondary outcomes, five trials compared truncal

asymmetry pre- and post-exercise, of which three studies

consistently found that SSE was not superior to brace or

other exercises in improving either ATR or shoulder bal-

ance for brace-wearing patients [38, 47, 48]. SSE was

only effective for improving truncal asymmetry in pa-

tients with moderate scoliosis if used as a supplement to

body awareness exercise [46]. Improvement of ATR was

noted if applied to patients with only mild scoliosis [41].

In particular, two studies adopted the Posterior Trunk

Symmetry Index and the Walter Reed Visual Assessment

Scale [46, 47]. One study used the angle of trunk inclin-

ation and trunk appearance perception with quantifying

shoulder balance [48], and two studies used ATR only

[38, 41] to quantify changes in trunk asymmetry. There-

fore, insufficient evidence is available to support the ef-

fects of SSE on truncal asymmetry improvement. In

addition, a standardized algorithm is ideal for evaluating

trunk asymmetry.

Six studies evaluated QoL pre- and post-interventions

(Table 3). This review revealed a high initial score in all

studies, which is consistent with a previous meta-

analysis [51]. Thus, investigating the effects of SSE on

each domain is valuable for providing a clear under-

standing of where the effects lie, which can assist physio-

therapists in determining which strategy should be

implemented to achieve specific goals. Four trials in this

review studied one domain each [38, 46–48]. Two stud-

ies were conducted by Yagci et al.; they showed that the

pain domain only improved with core muscle training

exercise during bracing [46, 47]. Two studies [38, 48]

similarly revealed that better QoL outcomes relied on ei-

ther functional or mental domains (Table 3). Hence, in-

sufficient evidence is available to append the benefits of

SSE in improving QoL.

The influencing factors for brace treatment were in-

brace correction, skeletal maturity, curve magnitude, and

brace compliance [60]. However, this remains undefined

for SSE treatment. Therefore, this is the first review to

estimate the interactions between SSE and these factors.

This is clinically valuable for physiotherapists to set indi-

vidualized exercise protocols and estimate prognosis for

patients undertaking SSE. However, only four studies ad-

dressed this concern. One study in particular revealed

that better Cobb angle reduction was achieved in pa-

tients aged ≥13 years [41], whereas a recent study re-

vealed the opposite result [40]. This inconsistency may

be explained by different exercise approaches and varied

acceptance of SSE in different countries. Additionally, it

was intriguing that 34.3% (n = 34) of the patients with

atypical AIS (10 left thoracic, 4 right lumbar, and 20 left

thoracic with right lumbar) were recruited in that recent

study [40]. Therefore, the result should be interpreted

with caution when demonstrating the effects of SSE on

the AIS population. One study investigated the relation-

ship of skeletal maturity and intervention effects and

suggested that better outcomes occur in patients with

early Risser stages [40]. One study found that body

awareness exercise with bracing is better at correcting

thoracic curves. However, this study ended prematurely

at the tenth week, which is a limitation because the

curve can deteriorate again after a short follow-up [26].

Up to 50% of the studies in this review reported exercise

compliance with a percentage value of the prescribed

dosage. Although all mentioned articles consistently

state that exercise adherence is crucial, no information

was available to evaluate the interactions between com-

pliance and SSE outcomes. This knowledge gap must be

addressed in the future.

The main limitation of the review is the lack of high-

quality studies, which makes it difficult to extract ad-

equate data to reach any firm conclusions. The previous

systematic reviews [33, 52], analyzed the same five stud-

ies [35, 37, 41, 45, 48] included in our review, revealed a

significant heterogeneity by statistical testing and con-

cluded that no pooled effect sizes could be reliably
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reported. In addition, our review included five more up-

dated clinical trials that showed notable methodological

heterogeneity: one CCT was conducted with a large

sample size (n = 99) but no comparative untreated con-

trols [40]; four studies, including one CCT [38] and

three RCTs [36, 46, 47], were conducted with small sam-

ple sizes (n < 50) which could mask variations and build

up of systematic errors. Moreover, those four studies

[36, 38, 46, 47] in which all included bracing strategy, in-

troduced confounding effects of bracing and SSE in

treating AIS. Therefore, considering the notable hetero-

geneity of enrolled studies, a meta-analysis was not per-

formed in this review. However, this review suggested

that SSE has a significant effect on Cobb angle reduc-

tion, which concurred with previous reviews [34, 52].

Additionally, this review has implications for researchers

identifying knowledge gaps in this field. More RCTs are

required to clarify the role of SSE as a treatment for

moderate AIS during bracing. In addition, the best SSE

type for different curve types as well as the most effect-

ive protocol (frequency and intensity) among those avail-

able should be determined. Moreover, the key factors

that influence the success of exercise treatment should

be elucidated. To achieve this goal, multicenter studies

with matched groups of participants are required in the

future.

Conclusions
Limited evidence with moderate quality suggested that

SSE can significantly reduce Cobb angle and improve

truck asymmetry. The effect of SSE with brace wearing

on treating moderate scoliosis is unclear. Insufficient evi-

dence is available to implicate any effects of SSE on

changes in QoL. This is the first review to study the fac-

tors influencing the success of SSE treatment, which re-

mains undefined and requires further investigation.
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