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Purpose

The effectiveness of exercise therapy for moderate adolescent idiopathic scoliosis and its
potential benefits when combined with other treatments require further investigation.
This systematic review and meta-analysis evaluated the efficacy of exercise therapy as a
conservative management strategy for AIS.

Methods

Following PRISMA guidelines, we searched PubMed, Cochrane Library, Embase, and Web
of Science up to June 4, 2024, for RCTs. Eligible studies included AIS patients (10-18
years, Cobb angle 20°-45°) undergoing various exercise therapies, such as
scoliosis-specific exercises and core stabilization training. Primary outcomes included
Cobb angle, ATR, trunk appearance, QoL, and respiratory function. Data extraction and
risk-of-bias assessment followed Cochrane guidelines, and study quality was evaluated
using the 11-item PEDro scale. Meta-analyses were conducted based on standardized
mean differences.

Results

Eight RCTs with nine intervention groups were analyzed. At six months, exercise alone
showed no significant advantage over bracing in improving Cobb angle, ATR, QoL, or
trunk appearance (p < 0.05). However, exercise combined with other therapies
significantly improved Cobb angle (MD = -6.11, 95% CI: -9.21 to -3.02), QoL (SMD = 0.89,
95% CI: 0.27 to 1.51), and lung function (SMD = 0.46, 95% CI: 0.13 to 0.80) at three
months. These effects persisted for Cobb angle at six months (MD = -4.87, 95% CI: -8.77
to -0.98).

Conclusions

Low to moderate evidence suggests exercise alone is comparable to bracing for AIS, while
exercise combined with other therapies offers short-term benefits for Cobb angle, QoL,
and lung function.

INTRODUCTION function.415 Early identification and effective treatment
of scoliosis can slow or stop the development of scoliosis
before bone development matures, thereby improving long-
term outcomes in adulthood.! The Society On Scoliosis Or-
thopaedic and Rehabilitation Treatment (SOSORT) made
recommendations based on Cobb angle: only observation
at 10-20°, observation or wearing of braces at 20°-25° and
wearing of braces at 26°-45°.16 In the treatment of scoliosis
of less than 25° Cobb, specific exercise is recommended
to avoid the use of a brace.!” Too many doctors adopted
the so-called “wait and see” approach when assessing pa-
tients with spinal curvature ranging between 10°-25°. How-
ever, over the past decade, various stakeholders, including
parents of AIS patients, have advocated for a revision of
this “watch” management protocol for scoliosis.18 Current

Adolescent idiopathic scoliosis (AIS), the most common
form of scoliosis of unknown cause,! is diagnosed when
the Cobb angle on the posterior-anterior radiographs ex-
ceeds 10° while standing. Approximately 90% of cases are
diagnosed or worsen during puberty before bone develop-
ment reaches maturity.2 At present, the prevalence of AIS
reported by many studies around the world ranges from 3%
to 14%.3710 Severe scoliosis may have long-term adverse
impacts on health, such as appearance problems, lung dis-
ease, psychological effects, and reduced quality of life.1l.
12 Reducing spinal deformities can be difficult!3 depending
on the range of motion of the spine and limited motor
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best practice guidelines for AIS brace treatment recom-
mend considering scoliosis-specific exercises in conjunc-
tion with bracing.19 Additionally, adverse effects resulting
from bracing, such as muscle weakness, can be mitigated.20

Exercise therapy has demonstrated promising outcomes
in the management of AIS, including core strength training,
aerobic exercises, Schroth therapy!32122 and so on. De-
spite limited evidence quality from two studies,?324 find-
ings suggest that integrating exercise therapy with other
modalities may yield superior results compared to treat-
ments such as electrical stimulation, traction, and posture
training in mitigating scoliosis progression among patients
with mild AIS. Prior systematic reviews and meta-analyses
have highlighted the positive effects of exercise either as a
standalone intervention or in conjunction with other ther-
apies like bracing.25-26 To our knowledge, no systematic lit-
erature review or meta-analysis has reported the efficacy
of exercise therapy in patients with moderate AIS. For pa-
tients with moderate AIS at this special stage, the effect
of exercise therapy compared with other therapies and
whether exercise combined with other therapies is more ef-
fective than monotherapy deserve further study.

The Scoliosis Research Society (SRS) has developed stan-
dard care guidelines with Cobb angle as the primary out-
come. However, Cobb angle correlates poorly with the over-
all quality of life (QoL).2” Therefore, in addition to Cobb
angle, it is important to evaluate patient-relevant outcomes
such as QoL. SOSORT suggests that the goals of conserv-
ative AIS treatment can be divided into two groups: mor-
phological and functional (physiological and psychologi-
cal)!! including radiology, aesthetics, quality of life, mental
health, and disability.28 Therefore, this meta-analysis con-
ducted a quantitative synthesis of published studies accord-
ing to guidelines to investigate the effects of exercise on
trunk morphology and function in AIS patients. This meta-
analysis was designed to examine the efficacy of exercise
therapy in patients with moderate AIS in multiple random-
ized controlled trials (RCTs) by calculating the overall effect
size to draw more evidence-based conclusions as a conser-
vative management strategy for adolescent idiopathic scol-
iosis.

METHOD

This study was conducted following the Cochrane Hand-
book2? and Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines3C for sys-
tematic reviews. This review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) under the identification number (CRD
42023432333).

We searched PubMed, Cochrane Library, Embase, and
Web of Science from the beginning to June 5, 2024. All
search strategies were completed by an experienced librar-
ian (WRR) and are summarized in Appendix 1. Citation
tracking was performed for the included literature and re-
lated systematic reviews. Grey literature searching included
references included studies and conference proceedings of
the following organizations: the International Society on

Scoliosis Orthopaedic and Rehabilitation Treatment, the
International Meeting on Advanced Spine Technique, and
the Annual Meeting of Scoliosis Research Society. For stud-
ies with no results, researchers contacted the original au-
thors by email.

Two reviewers (ZP and LM) independently screened the
titles and abstracts of the eligible studies. Studies were in-
cluded and imported the results into Zotero if they met the
following criteria: (1) populations: aged between 10 to 18
years old diagnosed with AIS, cobb between 20°-45°; (2)
intervention: exercise therapies; (3) controls: other thera-
pies excluding exercise; (4) Cobb angle, angle of trunk ro-
tation (ATR), trunk appearance, QoL, and respiratory func-
tion. ATR and Cobb angle are the two golden standards
for evaluating spinal curvature3! ; (5) study design: clinical
controlled trial. If the screening could not be judged by title
and abstract, read the full text. The kappa (K) statistics,
an index of the observer disagreement that compares the
agreement found against that which might be expected by
chance, was used to judge the consistency of the screening
results between the two reviewers32 (0-0.2 poor, 0.2-0.4
fair, 0.4-0.6 moderate, 0.6-0.8 good, 0.8-1.0 very good). All
disagreements were decided by the discussion of two other
reviewers (HYW and WJL).

ASSESSMENT OF CHARACTERISTICS OF STUDIES
QUALITY AND RISK OF BIAS OF INCLUDED STUDIES

The 11-item PEDro scale was used to assess the quality
of included studies by two independent reviewers (ZP and
LM).3334 One item of the PEDro Scale (eligibility criteria)
was related to external validity and was not used to calcu-
late the total score. A study with a score > 6 was considered
high quality as reported previously.35

Two researchers (HYW and WJL) independently assessed
the risk of bias in RCTs using the Cochrane risk-of-bias tool
(Review Manager 5.3). The risk of bias was rated as low risk,
high risk, or uncertain from the following seven domains:
(1) random-sequence generation (selection bias); (2) allo-
cation concealment (selection bias); (3) blinding of partic-
ipants and personnel (performance bias); (4) blinding of
outcome assessment (detection bias); (5) incomplete out-
come data (attrition bias); (6) selective reporting (reporting
bias); (7) other bias.2? Methods for evaluating the risk of
bias of each article included: low risk of bias: evaluate the
results of all items are low risk of bias; unclear risk of bias:
evaluate the results of one or more items for bias risk un-
certainty; high risk of bias assessment results of one or
more items for the high risk of bias. The results were sum-
marized using Review Manager 5.3 and all disagreements
were settled by the discussion of two other reviewers (WRR
and CXW). Both tools are reliable in assessing research
quality and assessing the risk of bias.33.36

DATA SYNTHESIS

The results were quantitatively synthesized according to
the results considered: Cobb angle, QoL, ATR, trunk ap-
pearance, and lung function. All outcome indicators were
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continuous variables and the data were pooled and ana-
lyzed using Review Manger 5.3. Researchers pooled MD if
tools for assessing morphology or function were consistent
within groups, and pooled standardized mean difference
(SMD) to eliminate the differences if tools or units were in-
consistent within groups. Outcomes were expressed as MD
or SMD between groups and 95% confidence interval (CI).28

DATA EXTRACTION AND ANALYSIS

Following a standardized procedure, two independent re-
searchers (HYW and WJL) completed the data extraction
and analysis, during which all discrepancies were resolved
by discussion with two other researchers (WRR and CXW).
The mean difference (MD) and standard deviation (SD) be-
tween the baseline and post-intervention or follow-up re-
sults reported in the included studies were extracted or
converted into a standard format to ensure that our meta-
analysis could be performed successfully. For each study,
the following information was extracted: first author, year
of publication, experimental group size, control size, gen-
der and age of participants, outcome measures, interven-
tion mode, and intervention duration. Table 2 (online only)
illustrates the data for the eight included studies. There was
no blinding of study authors, institutions, or journals dur-
ing the data extraction process. If the research is inade-
quate or unclear, we will attempt to contact the authors for
more details. Cobb angle, ATR, trunk appearance, QoL, and
lung function were coded as results of the exercise inter-
vention to calculate effect size.

ASSESSMENT OF QUALITY OF EVIDENCE

The quality of evidence was assessed using Grade evidence
profiles. The quality of the evidence applies to each out-
come, and this classification classifies the evidence as
“high”, “medium”, “low” or “very low”. These levels imply
a gradient of confidence in estimates of summary measures
of treatment effect. Randomized controlled trials begin as
high quality. The quality of evidence in meta-analyses is

downgraded according to the following:

1. study limitations (risk of bias: drop one or two grades
if more than 25% or 50% of participants came from
studies of poor or average methodological quality;
Lack of randomization or assignment hiding, no sam-
ple size estimation or blind method);

2. inconsistency of results (If there is significant hetero-
geneity in the outcome measure or intervention, or if
the 12 value is >50%, drop one level);

3. indirectness of evidence (If a different population,
intervention, or comparator is included, the level is
lowered);

4. imprecision of estimates (wide confidence intervals
crossing a decision threshold: If the 95% confidence
interval of the SMD is greater than 0.2 points, it is re-
duced by one level; If the 95% CI in both directions
is > 0.5 points, then two levels are reduced.); one level
was also downgraded if the 95% CI of the risk ratio
crossed the null value when the sample sizes

were < 50 individuals and two levels when the sample
sizes were <30 individuals)

e.publication bias (missing evidence, typically from
studies that show no effect).37:38

HOMOGENEITY

Clinical heterogeneity was determined by reviewing the
participants, intervention, and control therapies. Study
heterogeneity was assessed using the inconsistency index
(12 -statistic) with values of 25-50%, 50-75%, and 75-100%,
indicating low, medium, and high heterogeneity, respec-
tively. When significant heterogeneity existed (12 >50%, p
<0.1), sensitivity or subgroup analyses were performed to
explore the source of heterogeneity. If the cause of hetero-
geneity could not be identified and the heterogeneity was
within the allowed range, a random-effects model was used
to pool the effect size.3?

We planned to assess reporting bias using Egger’s test
and a graphical aide funnel plot.2? Egger’s test mainly uses
the linear regression method to detect whether there is a
systematic deviation between the effect size and its stan-
dard error. In the absence of publication bias, the distrib-
ution of effect sizes should be symmetrical, with no sys-
tematic bias. Publication bias was evaluated visually by
creating funnel plots via the Review Manager 5.3 version, as
well as by conducting Egger’s test using the Stata 12.0 ver-
sion.

The data was extracted and entered into Microsoft Excel
software, statistical analysis was performed using Review
Manager (RevMan 5.3) and Stata 12.0 version. P <0.05 was
considered statistically significant.

RESULTS

STUDY SELECTION

Initially, 244 studies were extracted by searching the data-
base; citations tracked 15 studies. 179 studies did not meet
the inclusion criteria after screening the title and abstract.
Of the remaining 65 studies, 57 were excluded when the
full article was reviewed. Therefore, the meta-analysis in-
cluded eight studies (Table 1), including nine experimental
and control groups. The agreement between reviewers was
calculated by kappa, with a value of 0.86. The inclusion flow
chart (Figure 1) shows the number of studies excluded and
the reasons for exclusion.

ELIGIBLE STUDY CHARACTERISTICS

A total of 9 parallel group studies were included in 8 ar-
ticles, and 3 studies separately discussed the efficacy of
exercise comparison braces in the treatment of moderate
AIS, and exercise therapy was SSE, Scientific exercise ap-
proach to scoliosis (SEAS), and traditional scoliosis exer-
cise. Six studies discussed the effects of exercise combined
with other therapies versus the use of other therapies
alone. Of these, five studies compared the effects of exer-
cise combined with braces alone: SSE, Basic body awareness
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Table 1. Basic characteristics of exercise and control group in included studies

Experimental N Mean Gender Risser Outcome
pdesi n Study Group (drop age (male/ Sien Program design and type tvoe Period
g out) (sd) female) g Yp
. 45 12.6 Cobb angle
Experimental (5) (1.4) 33/12 Experimental: ATR
Marlene A 60-90 minute SSE session is held once a month, (Scoliometer)
202140 NR and a 30-minute SSE session is held at home the HR-QOL 6months
Sweden 45 127 rest of the time. (SRS-22r)
Control (5) (1.4) 39//6 Control : Trunk
Hyoercorrective Boston brace (night shift) appearance
(pPSAQ)
. 30 124 Cobb angle
Experimental (1) (0.9) 22/7 ATR
Experimatal: (Radiology)
Exercise: brace Zheng Take the 1.5-hour supervised SEAS course in the HR-QOL 6months
201841 0~2 clinic every 2 to 3 months + home exercise: 10-15 (SRS-22) 12months
China 30 12.3 min/day. Trunk
Control 19/5
(6) (0.8) Control: TLSO (23h) appearance
(shoulder
balance)
. 14 14.1 Experimental:
Moawd Experimental (1) (1.2) 0/13 Five days a week, 10 to 15 minutes a day of X%l;b angle
202342 NR conventional scoliosis exercises, which include Lun 8weeks
Saudi Arabia 14 13.8 pelvic leaning back, catwalk, double leg abdominal funcgtion 6mmonths
Control ) (1.5) 0712 compression, and standing on one leg. (FVO)
Control: Cheneau Gensingen Brace
. 25 12.22 Experimental:
Gao Experimental (2) (1.35) 18/5 Subjects are taught in the scoliosis clinic every 2-3 Cobb angle
201943 0-2 months, followed by 40 minutes of clinical therapy Lung 4weeks
China 25 12.14 per week and 10-15 minutes of home exercise per function 6months
Control 3) (1.32) 18/4 day. (FVC)
Control: TLSO (23h)
. 10 14.20 Cobb angle
Exercise+other: Experimental (0) (2.04) 10/0 . I ATR
others Experimental: (Scoliometer)
Yagci BBAT + Traditional Exercise + brace, home exercise HR-QoL
201844 1~3 1 h/session, 5sessions/week (SRS-22) 10weeks
Turkey 10 13.60 Control: Traditional Exercise only + brace same
Control 10/0 Trunk
(0) (1.65) dosage as the study group
appearance
(POTSI)
Basbug . 18 13.9 Experimental: Lung
2023%° Experimental (1) (1.83) wn NR A 45-minute home exercise program for scoliosis function 8weeks
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. N Mean Gender .
Experimental Risser . Outcome .
design Study Group (drop age (male/ Sign Program design and type type Period
out) (sd) female)
combined with IMT, inspiratory muscle training
18 13.7 using the Threshold IMT device ® twice a day for
Turkey Control (1) (18) 17/1 15 minutes/ times (FVC)
Control: Scoliosis home training program only
. 20 13.54 Experimental:
Experimental (0) (0.16) 20/0 Interval aerobic training four times a week. The
training intensity is 80%-100% of the load so that
Athanasopoulos S . Lung
46 the subject's heart rate reaches 170 beats/min. .
1999 0~3 - . - - function 8weeks
Greece 20 13.62 During each training session, the subjects (FVC)
Control 0) (0.18) 20/0 performed 30 minutes of cycling exercise for 5 to
15 minutes at a time, combined with brace therapy.
Control: Boston brace
Experimental 12 14.2 11 Experimental: Cobb angle
Gézde Giir (0) (1.8) Twice a week, 1-hour core training program + Trunk
47 2 traditional scoliosis home exercise 22h wearing appearance
2016 b 10weeks
Turkey c | 13 14 13/0 (0.6) SpoRT brace (TAPS)
ontro ) (1.6) / Control: HR-QoL
Traditional exercise + 22h wearing SpoRT brace (SRS-22)
. 14 13.5 Experimental:
Experimental (1) (1.2) 0/13 The intervention began with one hour of individual Cobb angle
Moawd training per day for the first two weeks, followed ATR
202342 NR by one hour of Schroth training per week, (Scoliometer) 8weeks
Saudi Arabia 14 13.8 performed in three dimensions, including spinal Lung 6months
Control (1) (1.5) 0/13 elongation, pelvic alignment, thoracic rotation, and function
shoulder correction + wearing a Gensingen brace (FVC)

Control: Gensingen brace

N (drop out): number of participants and number of drop out;
Capacity.

NR: Not Reported; TLSO: thoracic-lumbar sacral orthoses; BBAT: Basic body awareness therapy; SPoRT: Scoliosis Physiotherapeutic Specific Exercises and Rigid Thoraco-lumbo-sacral Orthosis; FVC: Forced Vital
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Identification of new studies via databases and registers

() Records identified from
database searching (n=1044) ;ﬁ;‘;ﬁf‘;mm’” A
H Pubmed (n=274) Duplicate records removed
2 Embase (n=177) (n=293)
% Web of Science (n=327) Records marked as ineligibleby
Cochrane Library (n = 266) automation tools (n = 0)
s Grey literature and manual Records removed for cther
2 search and references from reasons(n=0)
review studies (n=8)
Records screened Records excluded
(n =759) (n=701)
g Reports sought for retrieval Reports excluded
3 (n=58) -Non-randomization (n=5)
5 -Age discrepancy (n=4)
> Exercise intervention in control
J group (n=10)
-The extent of the cobb unknown
Reports assessed for eligibility of not meet inclusion criteria
(n=12) (n=27)
—
Reports excluded
-Experimental design (n=1)
2 Intervention time is inconsistent
= between exercise group and
E control group (n=1)
o Total studies included in review Only reported sagittal curvature
(n=8) of the spine (n=2)

Figure 1. PRISMA flow diagram of article inclusion.

244 studies were extracted by searching the database; citations tracked 15 studies. Fi-
nally, 8 articles were included in the study. The flow chart shows the number of studies
excluded and the reasons for exclusion.

therapy (BBAT), interval aerobic training, core training, and
Schroth; one study used inspiratory muscle training (IMT)
in combination with home exercise to compare the thera-
peutic effects of home training alone. The duration of the
exercise intervention ranged from 4 weeks to 12 months.
Table 1 (online only) summarizes the relevant data for ex-
ercise training in the parallel group trial and the control
group. In the summary analysis, the overall shedding rate
was 9.06% (11/188) in the exercise group and 9.52% (18/
189) in the control group, with a significant statistical dif-
ference (P <0.05). However, no adverse events such as
worsening symptoms or death occurred among the partici-
pants during the training period.

OUTCOME MEASURES

The results considered in this systematic review and meta-
analysis were Cobb angle, ATR, QoL, lung function, and
trunk appearance. Seven studies evaluated Cobb angle us-
ing anteroposterior and anteroposterior X-rays to measure
the degree of scoliosis,?0-4447 five studies evaluated
ATR.40-4244,47 Eoyr studies assessed QoL using the Scolio-
sis Research Society SRS-22.40:4144.47 Eqyr studies assessed
spine trunk aesthetics using posterior trunk symmetry in-
dex (POSTI), shoulder balance, spinal appearance question-
naire (SAQ), and trunk appearance perception scale
(TAPS).4041,44.47 Eoyr studies assessed lung function using
forced vital capacity.42:434546 All studies were evaluated
against baseline and post-intervention outcome variables.

QUALITY AND RISK OF BIAS WITHIN STUDIES
PEDRO

Of the eight studies assessed using the PEDro scale, seven
were considered to be of high methodological quality (Table
2), with an average score of 6.75 across all trials. The most

consistent items on the PEDro scale were randomization,
measurement of variability in key outcomes, and compari-
son between groups, which were evident in almost all tri-
als. Allocation hiding was used in 5 trials, and evaluator
blindness was used in 5 trials. Three trials reported inten-
tion-to-treat analyses, and most of the studies had partic-
ipants drop out and were unable to collect raw data. Only
one trial blinded therapists, and the treatment was admin-
istered by different physiotherapists. The overall risk as-
sessment of bias showed a high risk of bias in all included
studies (Figure 2).40-47 The two reviewers agreed on the PE-
Dro and Cochrane tools and did not use the kappa (k) sta-
tistic.

HOMOGENEITY

A random-effects model was used with treatment effects
reported as the mean differences (MD) and 95% confidence
intervals (CIs), 17 with significant differences set at P <
0.05. In this meta-analysis, since the homogeneity test re-
sults were statistically significant (Q= 101.31, df=6,
p<0.001), and the 12 index was greater than 75% (I =94),
as shown in Table 1, a random model was used for the main
effect. The p values of the Egger’s and Begg’s tests were
0.549 and 0.764, respectively, indicating that no publica-
tion bias existed among the studies included. The symmet-
ric pattern of the funnel plot also confirmed the preceding
statistical tests visuall (Appendix 2).

SYNTHESIS OF RESULTS

Table 2 presents the detailed results of both the exercise
and control groups included in the study. Across the nine
analyzed studies, we identified 37 effect sizes. Results from
the classification analysis by outcome (Supplementary Fig-
ure 1) indicate that the heterogeneity of the combined re-
sults for the four outcomes exceeded 50%. The synthesized
findings revealed no significant difference in Cobb angle,
ATR, QoL, and trunk appearance among patients with mod-
erate AIS (P > 0.05). Using the fixed-effect model combined
with lung function only, revealed that the exercise group
demonstrated a superior effect on this outcome compared
to the control group (P=0.007). Sensitivity analysis, per-
formed by altering the model method, yielded results (Ap-
pendix 3) indicating that, in contrast to the control group,
the intervention effects of Cobb angle, ATR, trunk appear-
ance, and QoL in the exercise group had statistical differ-
ences (P <0.05), which meant that the meta-analysis re-
sults of these outcomes were not robust.

In subgroup analysis, first, of the included studies, three
studies separately discussed the effect of exercise compara-
tive brace for moderate scoliosis, and six studies discussed
the effect of exercise combined brace versus brace alone.
Therefore, data were pooled to compare effect sizes accord-
ing to the study design of the included studies. The effect of
the study design on exercise is shown in Figures 3 to 5. Sec-
ondly, referring to the previous meta-analysis of exercise
therapy for scoliosis, 26 the outcomes were divided into 1-3
months and 3-6 months according to the length of treat-
ment, to explore whether the duration of exercise interven-
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Table 2. Methodological classification assessed by PEDro scale

Marlene Zheng Moawd Gao Yagci Basbug Athanasopoulos Gozde Giir
Criteria 2021 2018 2023 2019 2018 2023 1999 2016 Cumulative score*
20 a1 42 43 a4 45 46 47
Eligibility criteria specified ? v v v v v v v v 8
Random allocation? v v v v v v v v 8
Concealed allocation? v v x v x v x v 5
Baseline comparability? v v v v v v x v 7
Blind participants? x x X X x v x N 2
Blind therapists? X X X X x v x X 1
Blind assessors? v x v v v v x x 5
Follow-up? x x x x x x x x 0
Intention-to-treat analysis? x x x x v x v v 3
Group comparisons? v v v v v v x v 7
Point and variability measures? v v v v v v v 8
Cumulative score 7 6 6 7 7 9 4 8 6.75%

\*Out of the 8 total studies.
TMaximum score of 10.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of oulcome assessment (detection bias
Incomplete outcome data (atirition bias)

Selective reporting (reporting bias)

Other bias

25% 5% 100%

% 50%

[ Low risk of bias

[Junciear risk of bias

W Hioh risk of bias

i

Athanasopoulos 1999

Basbug 2023

g0 2018

Zheng 2018

Figure 2. The Cochrane risk-of-bias tool results.

The overall risk assessment of bias showed a high risk of bias in all included studies because each study with at least one item was at high risk of bias.

tion regulated the effectiveness of exercise. Table 3 summa-
rized the quality of the evidence assessed, according to the
GRADE Evidence Profiles.

EXERCISE : BRACE ( 6MONTHS )

The results and evidence levels of each sub-combination
are shown in Table 3a and Figure 3. The heterogeneity
of the study is still large, and only the heterogeneity of
the combined trunk appearance results decreased to under
50%. The results of meta-analysis on Cobb angle, ATR and
QoL are not robust. Low to moderate-quality evidence
showed that exercise made no difference in improving Cobb
angle, ATR, quality of life, and trunk appearance compared
to brace therapy.

EXERCISE+OTHERS ! OTHERS (1-3MONTHS)

Table 3b and Figure 4 present the results of the study on the
additional effects of exercise in the treatment of moderate
AIS at the intervention time of 1 to 3 months.

EFFECT OF EXERCISE ON COBB ANGLE

Meta-analysis of three studies#24447 provided low-quality
evidence, among which 4 studies had significant effect size
estimates (P<0.0001), and the overall effect size was esti-
mated to be MD= -6.11[95%ClI, -9.21 to -3.02], as shown in
figure 4. After pooled analysis by study type, the hetero-
geneity of all outcomes decreased. Based on the random
effects model, The combined results were statistically sig-
nificant: exercise combined with other therapies was more
beneficial in reducing Cobb angle than the control group

Orthopedic Reviews

(Figure 4). The result of subgroup data merging changed
compared with the original merging result.

EFFECT OF EXERCISE ON QUALITY OF LIFE

Low-quality evidence was provided in a meta-analysis of 2
studies ,4447 of which the effect size point was estimated
to be significant (P=0.005), and the overall effect size point
was estimated at SMD=0.89 [95%CI, 0.27 to 1.51], based on
a fixed-effect model, compared with the control group. Ex-
ercise combined with other therapies is more effective in
improving quality of life (Tables 3b and Figure 4).

EFFECT OF EXERCISE ON LUNG FUNCTION

A meta-analysis of four studies#243:4546 provided moder-
ate-quality evidence, four of which had significant effect
size estimates (P=0.007), and an overall effect size estimate
of SMD=0.46 [95%CI, 0.13 to 0.80] based on a fixed-effect
model compared with controls. Exercise combined with
other therapies is more beneficial in improving lung func-
tion (Tables 3b and Figure 4).

EFFECT OF EXERCISE ON ANGLE OF ROTATION

A meta-analysis of two studies ,4447 two of which had in-
significant effect size point estimates (P = 0.43), provided
moderate-quality evidence that exercise combined with
other therapies was more effective in improving ATR com-
pared to controls, based on a fixed-effect model (Tables 3b
and Figure 4).
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Table 3. GRADE. Summary of evidence of the results

Number Risk Ratio of Number of Effect Quality of
Outcomes of studies of studies articipants Absolute (95% 12 evidence
Bias (PEDro<6) particip cl) (GRADE)
a - Exercise: brace ( 6months)
MD Very low
O, 0, 0,
Cobb 3 100% 0% 158 1.08[-1.29.3.44] 75% abc
MD Very low
0, 0, 0,
ATR 3 100% 0% 158 -1.26[-3.30,0.79] 90% abc
SMD Very low
0, O, 0,
QoL 2 100% 0% 133 0.86[-1.25.2.98] 96% abc
Trunk 5 5 SMD o ac
Appearance 2 100% 0% 133 -0.16[-0.5,0.19] 0% Low
b - Exercise + others: Others (1-3mmonths)
MD Very low
0, 0, 0,
Cobb 3 100% 0% 70 -6.11[-9.21-3.02] 54% abc
SMD 0.89 Very low
0, 0, 0,
QOL 2 100% 0% 45 [027,151] 0% acd
Lung o o SMD o ac
function 4 100% 25% 144 0.46[0.13,0.80] 0% Low
MD Very low
0, O, O,
ATR 2 100% 0% 45 -0.80[-2.79,1.19] 0% acd
Trunk 5 5 SMD o Very low
appearance 2 100% 0% 45 -6.62[-14.27,1.04] 48% acd
¢ - Exercise + others: Others (6months)
MD Very low
0, 0, 0,
Cobb 2 100% 0% 70 -4.87(-8.77-0.98] 87% abc
Lung o o SMD o Very low
function 2 100% 0% 70 1.21[-0.212.62] 83% abc

GRADE: GRADE working group grades of evidence. CI: Confidence interval; MD: Mean difference; SMD: Standard mean difference. a: more than 25% of participants came from stud-
ies with poor or fair methodological quality; b: Statistical heterogeneity results downgrade (12 > 50%); c: 95% CI of SMD >0.5 results downgrade; d: sample sizes <50 individuals re-

sults downgrade. High quality: Further research is very unlikely to change our confidence in the estimate ofeffect. Moderate quality: Furher research is likely to have an important

impact on our confidence in the estimate of efiect and may change the estimate. Low quality: Furher research is very likely to have an important impact on our confidence in the esti-
mate ofefect and is likely to change the estimate. Very low quality: We are very uncertain about the estimate.

EFFECT OF EXERCISE ON TRUNK APPEARANCE

A meta-analysis of two studies?447 provided very low-qual-
ity evidence with no significant effect (P=0.05), based on a
fixed-effect model, and showed no difference in reducing
self-perception of trunk appearance with exercise combined
with other therapies compared to controls (Tables 3b and

Figure 4).
EXERCISE+OTHERS: OTHERS ( 6MONTHS )

Figure 5 and Table 3c show the additional effects of exercise
for moderate AIS at the intervention time of 6 months.

EFFECT OF EXERCISE ON COBB ANGLE

A meta-analysis of two studies?243 provided low-quality
evidence, with significant effect size estimates (P=0.01) and
an overall effect size estimate of MD= -4.87[95%ClI, -8.77
to -0.98], based on a random effects model, compared to a
control group. Exercise combined with other therapies was
more beneficial in reducing Cobb angle (Figure 5 and Table
30).

EFFECT OF EXERCISE ON LUNG FUNCTION

Low-quality evidence was provided by a meta-analysis of
two studies ,4243 two of which had insignificant effect size
point estimates (P=0.12), and based on a random-effects
model, exercise combined with other therapies made no
difference in improving lung function compared to controls
(Figure 5 and Table 3c).

A meta-analysis in the same intervention cycle showed
no statistical difference between exercise alone and brace
therapy in improving Cobb angle (P=0.37), showed in Sup-
plementary Table 2, while the additional effects of exercise
combined with other therapies were significant compared
to the use of other therapies alone, with an effect size of
Z=2.45 (P=0.01) (Figure 4a). Under the same study design,
at short-term intervention, the combination of exercise and
other therapies significantly improved Cobb angle, QoL,
and lung function in patients compared to controls; how-
ever, with the extension of intervention time, lung func-
tion did not show significant differences despite significant
changes in Cobb angle.

The quality of evidence assessed by the GRADE evidence
profile (Table 3) showed that the overall quality of evidence
for outcomes was low, which means that in the future, ro-
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a-Cobb angle
exercise control Mean Difference Mean Difference
MtMMﬂMMiML—‘LMMM
Marlane 2021 37 7 40 -23 43 40 294% utnﬂ
Moawsd 2023 39 213 12 -68 21 13 383% 30001 3 ——
Zhang 2018 158 350 29 275 389 4 M3 n.mur -
Total (95% CI) 77 100.0%  1.0B[1.29,344] ———

Heterogeneity: Tau®= 3 26, Chi*= 808, df= 2 (P = 0,02), = 75%

Testfor overall effect Z= 0,63 P = 0.37) F ﬂwt-iv

exercise control Mean Difference Mean Difference
StudyorSubgroup Mean  SD Totsl Mean SO Total Weight IV, Random, 85%Cl 1, Random, 95% CI
Warlane 2021 12 24 40 08 3 40 1% -
Moawd 2023 14 147 12 41 181 3.0° —lG—
Zheng 2018 062 1.969 29 -1.29 188 4 340% 067 F037,1.71) T
Total (95% C1 0 7 1000% 1.26(3.0,079] ————
Heterogeneity: Tau"= 2. df=2(P < 0.0001);F= 0% :

Test for overall eflect Z =

c-QolL
exercise control $1d. Mean Difference Std. Mean Difference
Study of Subgroup  Mean SO Total Mean SO Total Weight IV, Random, $5% CI IV, Random, 85% CI
Warlene 2021 43 05 40 44 05 40 S07%  -D20£064,024] #
Zhang 2018 506 223 20 021 356 24 403% 1686120, 262) -
Total (85% C1) 69 54 100.0% 0.86.1.25,2.98) ——

Hetorogenaty: Tau"= 2.24; Chi*= 2807, df = 1 (P < 0.00001); P= 96%

'] 0 1
Testfor overall efect 2= 0.60 (P=0.42) 5

d-Trunk appearance

exercise control Std. Mean Difference Std. Mean Difference
St w_swgmun Mean SO Total Mesn SO Total Weight IV, Fined, 95% CI I, Fiagd, 95% C

09 29 40 01 23 40 B0A%

-1 358 29 -100 419 24 308% -
Total (95% CI) 60 84 100.0% 016 [-0.50, 0.19) +
Heterogenaity: CAi= 0,60, af= 1 (P = 0 41); F= 0% & - t
Test for overall effect Z= 0,89 (F = 0.37) Favours [ avours [control

Figure 3. Exercise: Brace (6 months).

Forest plot of Cobb angle; b) forest plot of ATR; c) forest plot of QoL; d) forest plot of
trunk appearance
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Yagel 2018 1011 126 10 163 657 10 281% -84941203,.293 —_—
Total (95% CI) 36 100.0% 6.11(8.21,302)

M
Heterogensity Tau"= 413, Chi'= 4 37, o= 2 (= 011); = 54%
Testfor overal efect 2= 388 (F = 0.0001)

b-HR QoL
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Yagei 2018 017 036 10 008 04 10 472% 2 -
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Test for overall effect 2= 2.81 (P = 0,005 F ot focroll Faoias fasiitnil
c-Lung function
e
5o -
L} DH CIO gyl hd
BS 488 12 2478 13 181% 0.90 (0,07, MJI -
Total (85% CO 72 100.0% 0.46[0.13, 0.50] -
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Figure 4. Exercise+Others : Others (1-3months).

a) forest plot of Cobb angle; b) forest plot of QoL; c) forest plot of lung function.; d) for-
est plot of Trunk Rotation Angle; e) forest plot of trunk appearance.

bust data with a low risk of bias may overturn some of
the outcomes of the interventions evaluated in this meta-
analysis.

a- Cobb angle
exercise+olhers othars Mean Difference Mean Difference
Stndyor Suboreuo Moon 5D Total Mean SD Tetal Weihl IV, Random, §5% . Random, 95% G2
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Moawd 2023 07 216 12 38 213 13 S16% -6.80[8.48,-512 b
Total (95% C) 35 1000% -4B7[4.77,.0.08] i
tecogenedy Tau™= 6.93, Ch=7.97, r’ 10 =0005,P=07% ] 3 ]
o 0 L] 5 10
estfor overall effect Z= 245 P= 001) i hers] Favours [ot

b-lung function

sxorciie-thors others
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Te 49 12 16 807
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&
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Figure 5. Exercise + Others: Others (6 months).

a) forest plot of Cobb angle; b) forest plot of lung function.

DISCUSSION

This systematic review and meta-analysis evaluated the ef-
fects of exercise therapy compared with other conservative
therapies or in combination with other therapies on Cobb
angle, ATR, QoL, trunk appearance, and lung function in
patients with moderate AIS. However, the duration, fre-
quency, etc. of treatment must be taken into account when
developing guidelines.26 Therefore, we explored existing
differences in intervention duration to determine the opti-
mal minimum duration required for exercise to effectively
improve patients’ clinical indications.

To date, there have been many systematic reviews and
meta-analyses examining the efficacy of a certain exercise
alone or in combination with other therapies for AIS.2526,
48 The results of this study are consistent with the results of
previous systematic reviews and meta-analyses about exer-
cise treating moderate AIS parents, namely, exercise ther-
apy can reduce Cobb and improve QoL in AIS patients, and
achieve a similar therapeutic effect. However, this study is
the first to analyze the effects of exercise therapy in in-
tervening with moderate AIS. Our results showed that at 6
months of intervention, exercise therapy did not differ from
brace in improving Cobb angle, QoL, ATR, and trunk ap-
pearance. One article?! discussed the efficacy of the inter-
vention at 12 months. Except for the significant increase in
SRS-22 compared to 6 months, the duration of exercise in-
tervention did not modulate the effectiveness of exercise.
Cobb angle and SRS-22 in patients wearing the brace for 12
months were better than those at 6 months.

Exercise combined with other therapies was still more
effective in improving Cobb angle and Qol than other ther-
apies alone. Orthopedic surgeons and physiotherapists use
Cobb angle to diagnose scoliosis, and improvements in
Cobb angle reduce the need for surgery in AIS patients.26
The SRS standardized Cobb angle as the primary outcome
measure in non-surgical studies.4? Typically, a threshold of
5° is described as the Cobb difference for clinically rele-
vant improvement or deterioration.50 The mean differences
observed according to the results of the systematic review
and meta-analysis of this study (MD, -4.92; 95%ClI, -6.11 to
-9.21; 12, 54%) close to the clinically relevant threshold.
Park et al26 found a larger effect size in interventions last-
ing longer than 6 months compared to interventions last-
ing less than 6 months. However, in our study, two studies
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of exercise interventions lasting 6 months#243 produced an
effect (MD, -4.87; 95%CI, -8.77 to -0.98; Z, 2.45) that was
not larger than that of interventions lasting 1 to 3 months
(MD, -6.11; 95%ClI, -9.21 to -3.02; Z, 3.88).41,46:47 It can be
found that there are three types of exercise interventions
under short-term intervention, namely core strength train-
ing, Basic Body Awareness Therapy, and Schroth therapy,
while the two studies with 6-month intervention selected
the therapies of SEAS and Schroth. Different types of ex-
ercise intervention may be the reason why the duration of
intervention does not regulate the effect of the interven-
tion. In addition, only one article extended the intervention
time to 6 months, and this intervention result was consis-
tent with the analysis results of Park et al%6: the longer the
intervention time, the more significant the improvement in
Cobb angle. It is important to note that none of the stud-
ies had follow-up, and the follow-up of both short-term and
long-term intervention effects deserves further investiga-
tion. In addition to Cobb, some studies have proposed Cobb
angle and ATR as the gold standard for evaluating AIS.31
It is worth noting that not all radiographic scoliosis pa-
tients have trunk rotation.5! The difference between trunk
rotation and actual curvature of the spine is increased dur-
ing adolescence.52 This may explain why, with short-term
intervention, exercise combined with brace therapy effec-
tively improved Cobb angle in patients with moderate AIS
compared to brace therapy alone, while ATR did not change
significantly.

SRS-22 is the most common criterion for measuring QoL
in idiopathic scoliosis.53 It has become an accepted QoL
questionnaire to assess the perception of their condition in
patients with scoliosis. The minimum significant difference
in the questionnaire was between 0.7 and 0.4 minimum im-
portant change values for adolescents and adults.>* Four
studies?041.4447 evaluated QoL using SRS-22 or SRS-22r.
The results showed that exercise combined with other ther-
apies could effectively improve QoL (SMD, 0.89 ; 95%CI,
0.27 to 1.51; 12, 0%), which exceeds the minimum signifi-
cant change in AIS.

The quality of life and mental health of AIS patients
are largely influenced by aesthetic self-perception and ap-
pearance .11.55 As a result, trunk aesthetics has gradually
become a major concern for patients and families.28 This
study analyzed the effects of exercise on the appearance of
the spine. There was no difference in the combined out-
come between the two study designs of subgroup analysis.
However, after excluding one article, the efficacy of the ex-
ercise group was significantly better than that of the con-
trol group (P<0.05). This paper discusses the efficacy of
SEAS compared with wearing rigid TLSO. Previous studies
have found that two treatments, including the core stabi-
lization of support and the support of scientific exercise
methods for scoliosis, have similar effects in the short-term
treatment of trunk appearance symmetry in patients with
moderate AIS.

Limited lung function is an important clinical indication
in patients with scoliosis, especially in patients with severe
scoliosis with high chest wall inflation impedance.>¢ This
meta-analysis considered lung function as an outcome. In

this study, exercise combined with other therapies was
more effective in improving lung function in AIS patients
in the short term than other therapies alone (SMD, 0.46;
95%CI, 0.13 to 0.80; 12, 0%) but this advantage does not
occur consistently. When the intervention lasted for six
months, the additional effect of exercise was diminished
(p=0.12). Only one study#® reassessed and adjusted exercise
intensity every two weeks. The lack of progression of other
exercise interventions (Table 1) may contribute to this re-
sult, as cardiorespiratory functions adapt to exercise stim-
ulation.>” Therefore, in the future, AIS exercise therapy
should be designed according to the patient’s cardiopul-
monary level, rather than maintaining a single intervention
intensity.

Exercise combined with non-exercise management is
recommended for patients with moderate AIS to improve
quality of life or lung function. This study provides more
references for the treatment of patients with moderate AIS
and the selection of corresponding treatment cycles in clin-
ical practice. Due to this study being based on a group of
patients with moderate curvature (25°-40°) of AIS, gener-
alizing the current findings to patients with mild or severe
spinal malformations remains an important extension of
this study.

LIMITATION

There are some limitations to the study. First, only a lim-
ited number of clinical trials were included to evaluate the
effectiveness of exercise therapy for scoliosis, which can
lead to unstable results, and the weight of a single study
is too large and easily influenced by the results of indi-
vidual studies. Second, of the nine parallel group trials in-
cluded in the pooled analysis, three studies were designed
to compare exercise with other therapies, while the remain-
ing studies were designed to explore the additional effects
of exercise combined with other therapies, highlighting the
heterogeneity of the pooled analysis in this study. Three,
The efficacy of exercise therapy may vary among adoles-
cents of different ages, genders, and even ethnicities. How-
ever, very few studies in the included RCTs strictly defined
certain demographic information of the subjects in a range,
which led to this limitation in our meta-analysis. In the fu-
ture, more targeted RCT studies are needed to compare the
efficacy of exercise therapy for moderate AIS. Finally, most
of the included studies were single-center based, with rel-
atively short intervention duration and lack of follow-up,
and longer multi-center, well-designed randomized con-
trolled trials are needed in the future.

CONCLUSIONS

In conclusion, these results need to be treated with caution:
very low to low evidence suggests that exercise is clinically
equivalent to brace in improving Cobb angle, ATR, QoL, and
trunk symmetry on moderate AIS in the long term. Very low
to low evidence suggests that exercise combined with other
therapies is more effective in improving Cobb angle, QoL,
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and lung function on moderate AIS in the short term com-
pared to other therapies alone.
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Supplementary Figure 1. Experimental group: Control group.
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