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Abstract

Background: Non-surgical interventions for adolescents with idiopathic scoliosis remain highly controversial. Despite the
publication of numerous reviews no explicit methodological evaluation of papers labeled as, or having a layout of, a
systematic review, addressing this subject matter, is available.

Objectives: Analysis and comparison of the content, methodology, and evidence-base from systematic reviews regarding
non-surgical interventions for adolescents with idiopathic scoliosis.

Design: Systematic overview of systematic reviews.

Methods: Articles meeting the minimal criteria for a systematic review, regarding any non-surgical intervention for
adolescent idiopathic scoliosis, with any outcomes measured, were included. Multiple general and systematic review
specific databases, guideline registries, reference lists and websites of institutions were searched. The AMSTAR tool was
used to critically appraise the methodology, and the Oxford Centre for Evidence Based Medicine and the Joanna Briggs
Institute’s hierarchies were applied to analyze the levels of evidence from included reviews.

Results: From 469 citations, twenty one papers were included for analysis. Five reviews assessed the effectiveness of
scoliosis-specific exercise treatments, four assessed manual therapies, five evaluated bracing, four assessed different
combinations of interventions, and one evaluated usual physical activity. Two reviews addressed the adverse effects of
bracing. Two papers were high quality Cochrane reviews, Three were of moderate, and the remaining sixteen were of low or
very low methodological quality. The level of evidence of these reviews ranged from 1 or 1+ to 4, and in some reviews, due
to their low methodological quality and/or poor reporting, this could not be established.

Conclusions: Higher quality reviews indicate that generally there is insufficient evidence to make a judgment on whether
non-surgical interventions in adolescent idiopathic scoliosis are effective. Papers labeled as systematic reviews need to be
considered in terms of their methodological rigor; otherwise they may be mistakenly regarded as high quality sources of
evidence.
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Introduction

Non-surgical interventions for the treatment of adolescents with

idiopathic scoliosis in current practice today typically constitute a

variety of physical modalities; these include braces, scoliosis-

specific exercises as well as diverse physical therapy modalities

such as manual therapy and electrical stimulation [1–5]. Other

forms of non-surgical therapies reported in the literature include

podiatric treatments such as heel lifts as well as different types of

osteopathic and chiropractic interventions. Additionally, comple-

mentary and alternative interventions have also been reported [6–

8]. Non-surgical interventions for adolescents with idiopathic

scoliosis as a whole remains a contentious issue, with conflicting

recommendations put forward from clinical research studies and

as well as experts in the field. Interestingly authors have reported

both very negative as well as very positive statements (Table 1).

The statements above reflect the clinical equipoise currently

represented by surgeons, physicians, physical therapists and other

health care professionals to the non-surgical treatment approaches

of AIS, especially regarding scoliosis-specific exercise treatments
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(SSEs). These interventions, defined as ‘‘curve-specific movements

performed with the therapeutic aim of reducing the deformity’’

[16], consist of individually adapted exercises that are taught to

patients in a centre that is totally dedicated to scoliosis treatment.

The patients learn an exercise protocol that is personalized

according to medical and physiotherapeutic evaluations. SSEs

have traditionally been used in continental Europe by different

specialized scoliosis centers or ‘‘schools’’ [1], either as a sole

treatment or supplementing orthotic brace treatment [17,18].

Further as stated above, other types of non-surgical interventions

reported in the literature include manual therapies [6,7] different

types of chiropractic and osteopathic interventions as well as

numerous unorthodox complementary and alternative forms of

treatments [8] have been applied to different patient groups in

different contexts.

Physiotherapy interventions are typically not regarded as

effective in Anglo-Saxon countries [1,2], despite the fact that the

evidence-base for the inefficacy of exercise treatments seems

questionable [2]. Bracing meanwhile has been recommended as

the standard treatment [1,3,19–21], despite a weak evidence-base

being reported [4,22] prior to the latest and very recent

publication from a multicenter controlled trial [23]. The general

recommendations on the non-surgical management of AIS

[5,10,21] put forwards by the different scoliosis societies [3,24],

tend to contain conflicting information and generally do not

distinguish between different approaches and types of braces, as

well as between the use of rigid and soft braces [4,25,26]. The

physiotherapists’ role is typically seen by surgeons and physicians

as complementary to the multidisciplinary team that cares for

braced patients [27]. Nonetheless, the interest in scoliosis-specific

exercise interventions has in recent years become more wide-

spread, with the availability of thematic issues within healthcare

journals relevant to spinal conditions [28,29], courses on the PT

management of scoliosis becoming increasingly available as well as

high profile RCTs currently being funded and conducted in the

United Kingdom [30], Canada [31], and Sweden [32].

Why is this overview of systematic reviews needed?
In view of the existing prejudices and considerable variations in

recommendations [3,24] and opinions, both between and within

different professional groups, especially with regards to the

effectiveness of bracing, as opposed to the merits of SSE and

other non-surgical forms of interventions, systematic reviews

remain important sources of evidence for all engaged in AIS

therapy.

In recent years two Cochrane reviews [16,33] several other

systematic reviews (SRs) (PEDro database indexed 17 SRs in April

2014) as well as papers labeled as ‘‘evidence-based’’ have been

published (Tables S1 and S2). These have included the

measurement of numerous outcome measures as well as different

inclusion criteria and study designs, with each review reaching

different conclusions. The effectiveness of non-surgical interven-

tions for the treatment of adolescents with idiopathic scoliosis

remains highly controversial with the evidence-base for informing

service users, practitioners and stakeholders confusing and unclear.

Within the existing literature (with the exception of a few

structured abstracts provided by the DARE database) the authors

were unable to find any high quality methodological evaluations of

published SRs. The latter were either accepted at face value

[29,34,35] criticized without further explicit analyses [36,37] or

the results were discussed only in terms of the research designs of

included studies [16,33].

Even on initial reading of the available SRs it appeared that

large and significant differences with regards to the way they were

conducted i.e. their methodological quality were present. It is

important to consider that not ALL papers labeled as ‘‘systematic’’

or ‘‘evidence-based’’ actually DO meet the criteria for a systematic

review. These inconsistencies strongly suggested that a compre-

hensive and systematically undertaken methodological analysis of

currently published systematic reviews addressing the non-surgical

management of AIS was urgently needed and warranted.

Objectives
The primary objective of this study was to provide a

comprehensive and systematic analysis of the scope, objectives,

methodology and findings from published SRs regarding non-

surgical interventions of AIS, through conducting an overview of

systematic reviews.

The second objective was to establish, which papers currently

labeled as ‘‘systematic reviews’’ or having the layout of a

systematic review did NOT on further analysis meet the minimal

criteria for a SR, and were in fact opinion based papers rather

than well conducted secondary research studies.

Finally the third objective was to analyse and compare findings

from different SRs addressing the same types of interventions, to

enable judgments to be made regarding the evidence-base for their

use within clinical practice.

Materials and Methods

This paper reports on a section of an overview of systematic

reviews evaluating the effectiveness of non-surgical management

Table 1. Opinions regarding non-surgical interventions for adolescents with idiopathic scoliosis.

negative comments:

‘‘time and common sense prevent me from discussing any other treatment modality than bracing’’[9]

‘‘treatment options for patients with scoliosis range from the unproven or harmful to the beneficial’’ [10]

‘‘physical therapy, chiropractic care, biofeedback and electric stimulation have not been shown to alter the natural history of scoliosis’’ [11]

‘‘patients should be aware of the absence of evidence for these [physiotherapy] treatments’’ [12]

positive statements:

‘‘bracing and spinal surgery have been proven to alter the natural history of curve progression’’ [13]

‘‘exercise-based therapies, alone or in combination with orthopaedic approaches, are a logical approach to improve and maintain flexibility and function in patients
at risk for pain, pulmonary dysfunction, and progression’’ [14]

‘‘the triad of out-patient physiotherapy, intensive in-patient rehabilitation and bracing has proven effective in conservative scoliosis treatment in central Europe’’
[15]
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for adolescent idiopathic scoliosis, including screening and

treatment methods, and is registered at PROSPERO, CRD York,

CRD42013003538 (Protocol S1).

The PRISMA statement for undertaking and reporting

systematic reviews [38,39] was followed. Further the proposal

for the applicability of the PRISMA statement items for overviews

of systematic reviews was consulted and adhered to [40].

Criteria for inclusion of systematic reviews
Study designs. Systematic reviews were considered eligible if

they included primary papers of any types of experimental and

observational study designs. These liberal criteria were introduced

in order to allow the authors to evaluate all published SRs

addressing the subject matter.

Papers were reported as systematically developed reviews if they

reported on methods to search, identify and select papers, and

critically appraised relevant evidence [41]. If found, these minimal

criteria were also applied to reviews of evidence, prepared for or

reported in, systematically developed clinical practice guidelines

and recommendations, on the condition that they were reported in

full. Exclusion criteria were; reports from any types of primary

studies, expert opinions, narrative reviews and other types of non-

systematic reviews (e.g. critical reviews), letters to the editor and

editorials. Systematic overviews of reviews were excluded from

analysis, but included in the discussion.

Population. The population included adolescents of both

genders with AIS, diagnosed and managed between the ages of 10

to 18 years of age, with no restriction as to bone age (Risser sign).

Curves of at least 11u, the borderline for the deformity to be

diagnosed as scoliosis, measured on the A–P radiograph with the

Cobb method, were eligible. All SRs addressing mild, moderate

and/or severe AIS (11–24u, 25–44u, and 45uCobb and greater,

respectively) were included. Reviews on-early-onset (infantile or

juvenile) scoliosis, as well as studies reporting on scoliosis

secondary to other conditions, e.g. Duchenne dystrophy, cerebral

palsy, spinal cord injury, neurofibromatosis were excluded.

Interventions. Eligible SRs addressed non-surgical interven-

tions applied as a sole treatment or as combinations of different

non-surgical interventions, and included:

– braces of any type (both rigid and soft) and mode of application

(any number of hours a day, or night-time),

– any approach (s), or ‘‘school’’ of scoliosis-specific exercise

treatment of AIS, regardless of the severity of the deformity,

both as a single intervention, or as part of a group of different

complex interventions, e.g. supplementing brace treatment

(add-on treatment), chiropractic, manual therapy, electrical

stimulation or general conditioning (usual) exercises.

– SRs on any other non-surgical interventions were also

considered.

Generalized and non-curve-specific exercises or other physio-

therapeutic interventions administered to patients with AIS for

other reasons, e.g. respiratory physiotherapy, spinal stabilization

exercises or electrical stimulation due to low back pain or leg pain,

were not the subject of this paper and were excluded. Studies

relating to pre- or postoperative physiotherapeutic management of

AIS patients, as well as to the natural history or observation

(‘‘watchful waiting’’) as a form of therapy, were not included.

SRs on diagnostics, prognosis, economic analysis, or other

research questions other than non-surgical interventions, were

considered ineligible. These also applied for SRs or guidelines

potentially including systematic reviews of evidence regarding

screening for AIS. This subject matter has been reported

separately [42].

Comparative interventions. The types of comparative

interventions considered eligible were all non-surgical interven-

tions as described below:

– bracing, or scoliosis-specific exercises versus scoliosis-specific

exercises plus other interventions, or different forms of these

interventions (e.g. different modes of exercises, or different

types of braces),

– other forms of non-surgical interventions applied for scoliosis

curve correction, e.g. chiropractic, manual therapy, electrical

stimulation,

– natural history or observation.

Natural history or observation were not eligible as a ‘‘tested’’

intervention, but were considered as comparators or comparative

interventions (I and C in the PICO scheme, respectively).

Outcomes. All outcomes that addressed the effectiveness, as

well as adverse effects of non-surgical interventions, both within

the short and long term, were analyzed. These included both

patient-centered (e.g. pain, quality of life, depression, sense of

stigmatization) as well as surrogate, secondary or intermediate

outcomes (e.g. curve progression, angle of trunk rotation, jaw

deformity). The number of surgeries, or numbers needed to treat

to avoid one surgery (need for surgery) as a criterion of failure of

the non-surgical interventions were considered as well.

Search methods for identification of papers
Electronic searches. The databases and other resources

searched, as well as the order of searching, are detailed in Table 2.

The search strategies, key words and limits used are detailed

separately in Table S3. Searches in the general bibliographic

databases were limited from 1980 or from the inception of a

database (SportsDiscus –2001) to the latest possible current date.

All SRs currently indexed in databases of SRs, databases

separately indexing SRs and in guideline registries were consid-

ered. Time limits did not apply for websites of institutions, as these

websites were assessed for current content. Electronic searches

were last conducted between the 15 and 31 March, 2014.

Hand searching. Hand searches of reference lists of included

SRs, as well as in other relevant reviews, recommendations,

guidelines, editorials, and other relevant papers, were conducted.

Process of study selection
The initial search and screening of titles and abstracts to identify

papers requiring closer scrutiny to assess their eligibility, was

conducted by MP using the pre-defined criteria. This was

conducted within databases and specialty websites, in the order

presented in Table 2. The two authors then independently hand-

searched the reference lists of all included reviews and proceeded

to select the full papers potentially meeting all the inclusion

criteria. Any disagreements were resolved through discussion. The

PRISMA search flow diagram for the selection of included studies

is shown in Figure 1.

As the aim of this overview was to analyze existing SRs,

potential authors of unpublished SRs were not contacted neither

were searches for gray literature, registered titles and review

protocols conducted. The exception was one SR [43] for whom

the first author was contacted with a request for supporting

material mentioned in the paper which was not available from the

publisher. An update of a Brace Cochrane review [33], co-

authored by JB-S, being currently under review, was also

considered.
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Process for the assessment of the methodological quality
of included reviews

The ‘‘Assessment of Multiple Systematic Reviews’’, (AMSTAR)

risk of bias tool [44] was used to assess the methodological
quality of included reviews. The AMSTAR tool is considered to

be a valid and reliable instrument for assessing the methodological

quality of reviews [45]. It comprises eleven items addressing

criteria relating to the assessment of methodological rigor

(Table 3). The items are scored ‘‘yes’’, ‘‘no’’, ‘‘cannot answer’’,

or ‘‘not applicable’’. The maximum score is 11. Scores 0–4, 5–8,

and 9–11 indicate low, moderate, and high quality reviews,

respectively [46]. The appraisal was conducted independently by

MP and JB-S. Exceptions were the Cochrane reviews [16,33], that

were included and coauthored by JB-S, when MP and a

collaborator (IC) (invited for this purpose) performed the

independent appraisals. Assessments were conducted using guide-

lines for scoring AMSTAR questions [44–46]. Disagreements

were resolved by discussion.

The level of evidence from each included SRs was assessed,

considering the types of primary (and, in individual reviews, also

secondary) studies included, using the Oxford Centre for Evidence

Table 2. Databases searched and the order of searching.

1. Databases of systematic reviews, databases with separate indexing of systematic reviews, guideline registries: Cochrane Database of Systematic
Reviews (CDSR); the Centre for Reviews and Dissemination databases (DARE, HTA, NHSEED); Joanna Briggs Institute: Database of Systematic Reviews and
Implementation Reports, COnNECT+; Physiotherapy Evidence Database (PEDro); National Guideline Clearinghouse; Turning Research Into Practice (TRIP); Campbell
Library

2. Websites of institutions: Scoliosis Research Society (SRS), Society for Spinal Orthopaedic and Rehabilitation Treatment (SOSORT), International Research Society for
Spinal Deformities (IRSSD), Guidelines International Network (G-I-N), Scottish Intercollegiate Guideline Network (SIGN), National Institute for Clinical Excellence, UK
(NICE), Agency for Healthcare Research and Quality (AHRQ), USA/Evidence-based Practice Centers: Evidence-based Reports, National Health and Medical Research
Council, Australia (NHMRC)

3. General bibliographic databases: MEDLINE through PubMed, Web of Science: Science Citation Index – EXPANDED (SCI – EXPANDED), SportsDiscus through
EBSCO

doi:10.1371/journal.pone.0110254.t002

Figure 1. PRISMA flow diagram for the selection of included studies.
doi:10.1371/journal.pone.0110254.g001
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Based Medicine (OCEBM) [47,48] and the Joanna Briggs Institute

(JBI) [49,50] classifications.

Data extraction and management. The data was indepen-

dently extracted by MP and JB-S, using predefined data extraction

forms (Tables 4 and 5). Discrepancies were resolved through

discussion.

Data synthesis. All the data extracted from the SRs was

grouped by intervention and adverse effects. Narrative summaries

of the review questions as well as eligibility criteria, populations

studied, outcome measures and findings were then listed separately

for individual reviews, and presented in Table 4.

The methodological characteristics of the included SRs –

sources searched, selection criteria, methods of quality assessment

of included studies, methods of data extraction and synthesis, and

methodological limitations of the SRs were reported in the same

order and can be seen in Table 5.

Results

Search
After removal of duplicates, 469 titles or titles and abstracts were

screened for inclusion, 360 titles and/or abstracts were excluded,

110 full text papers were analyzed and 21 SRs were included for

data synthesis and quality analysis (Figure 1). Four guideline

documents addressing the subject matter were found, but none of

them met the inclusion criteria.

The SRs that were included are listed in Table S1 with reasons

for inclusion in cases where this was not clear. Excluded papers are

listed, with the research designs classified, and the rationale for

exclusion explained in Table S2.

Eighteen SRs addressed the effectiveness of non-surgical

interventions: five SRs addressed SSE methods [33,51–54], four

evaluated manual therapies [6,7,55,56] and five addressed bracing

[16,24,36,43,57]. Four SRs compared the effectiveness of different

interventions: bracing, therapeutic SSEs, lateral electrical surface

stimulation (LESS), observation and/or surgery, or else their

combinations (e.g. bracing plus exercises) [17,26,37,58]. One

review evaluated usual physical activity [59]. Two SRs addressed

side effects: low bone status [60] and malocclusion [61] in braced

patients. Overall the reviews addressed numerous, patient-

centered and surrogate short and long-term outcomes. The types

of interventions examined, types of participants, outcomes and

authors’ conclusions are presented in detail in Table 4.

Other reviews found
Complementary and alternative medical interventions

(CAM). Whilst primary studies of non-surgical CAM interven-

tions have been reported in the literature (acupuncture, herbal

treatment, or Pilates [8]) no SRs (secondary analyses) addressing

any of these approaches could be found.

Overviews of reviews. Two overviews of reviews evaluating

non-surgical interventions for AIS were found: a narrative review

[62], a systematic overview of systematic reviews [63] which

included one eligible SR [6] among other SRs regarding

manipulative therapies in various pediatric conditions. This SR

was also found through the search process and was included in the

analysis.

Methodological quality of included reviews
AMSTAR scores. Analysis with the AMSTAR tool revealed

that the large majority of included reviews, 16 out of 21 included

reviews were of low methodological quality, with scores ranging

from 0 [36] through 1 [17,54], 2 [6,25,26,43,53,61] and 3

[55,57,60] to 4 points [51,56,58,59]. Three moderate quality SRs
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ored 5 [37], 6 [52] and 7 [7]. Two SRs (Cochrane reviews) [16,33]

were of high methodological quality, and scored 9. Table 3

provides details of the AMSTAR quality assessment for each

included SR, with explanations regarding the scoring decisions.

Narrative content analyses of methodological issues in

included reviews. The SRs differed with regards to the sources

of data as well as the databases searched. Three SRs were based

on searches of one database [57,58] or a textbook (?!) that was used

by Rowe et al. [26] and seven SRs [6,36,37,51,54,56,57] were

based exclusively on electronic searches. The only SRs where

authors and investigators were contacted as a method of retrieving

data were the Cochrane reviews [16,33].

Eighteen SRs included only AIS patients. Two of these reviews

[16,33] were Cochrane reviews of randomized controlled trials

(RCTs) and other prospective controlled studies. One SR [37]

analyzed RCTs and nonrandomized controlled trials. Fourteen

SRs included a diverse mix of primary studies that included both

experimental and observational designs. One SR [59] considered

both primary studies of various designs and narrative reviews. The

remaining three SRs [7,55,56] considered an AIS population that

was included within other pediatric conditions: one review was a

SR [7] of RCTs and included one RCT on AIS, one SR included

different controlled studies amongst them a single pilot RCT on

AIS [55], and one [56] included a case study on AIS.

Seven SRs [7,16,33,37,55–57] included the analyses of the

methodological quality of individual studies, using validated

scoring tools. In six SRs hierarchies of levels of evidence (LoE)

[17,25,54,59] or strengths of evidence (SoE) [36,43] were used as a

way (or rather instead of) assessing the methodological quality of

primary studies. In one SRs [37] the LoE hierarchy assessment

supplemented the quality appraisal of the included reports. One

SR [56] provided LoEs for all the included studies, but a quality

assessment for the RCTs only.

One of the SRs [26] included a meta-analysis, one SR

comprised a pooled prevalence estimates [25], whilst in another

SR the authors had performed a pooled proportions of data [58].

The remaining papers provided descriptive analyses of individual

studies.

A detailed narrative analysis of the methodological issues within

the included SRs can be seen in Table 5.

Levels of evidence, findings and conclusions
The evidence from included reviews is summarized in Table 6,

according to each non-surgical intervention and in the order of

descending levels of evidence.

Discussion

A brief summary of evidence from the reviews that were

included is provided below.

Scoliosis-specific exercises (SSE)
Romano et al. (2012) [33] high quality, AMSTAR score 9/

11, 1/1a level of evidence SR. A recent (2012), rigorous

Cochrane review [33] provided no convincing evidence from

RCTs for or against these interventions in terms of curve

progression as a primary outcome, and no evidence of risks or

side effects from performing scoliosis-specific exercises.

Lower quality, lower level of evidence SRs [51–54],

AMSTAR scores 4, 6, 2 and 1. A series of three other low to

moderate quality SRs [51–53] recommended the use of SSE

exercises based on level 1b evidence. Conversely another recent

(2012), though very low quality SR [54] concluded that there was

no evidence to support their use.

Manual therapies
Posadzki et al. (2013) [7] higher quality SR, AMSTAR

score 7/11. A recent (2013) SR [7] found one high quality

RCT showing no evidence to support osteopathic manual therapy

as an effective treatment for mild AIS.

Low quality reviews [6,55,56], AMSTAR scores 2, 3 and

4. Two other SRs [6,55], though of lower quality, and lower

level of evidence, provided similar conclusions. Conversely

another low quality SR by McKennedy et al. [56] reported ‘‘very

promising’’ findings from one pilot RCT.

Bracing
Negrini et al. (2010) [16] high quality, AMSTAR score 9/

11, 1/1a level of evidence SR. A Cochrane review from 2010

[16] found very low quality evidence supporting the effectiveness

of bracing in reducing curve progression, and low quality evidence

favoring hard braces as compared to soft braces. The update of

this SR currently under review (JB-S, personal communication)

found low to very low quality of evidence in favor of effectiveness

of bracing in terms of reducing curve progression, with quality of

life not highly impacted by bracing according to these studies.

Lenssick et al. (2005) [37] moderate quality SR, AMSTAR

score 5/11. In a moderate quality SR of prospective controlled

trials from 2005 [37], Lennsick et al. concluded, that due to the

lowpower, weak methodological quality and clinical heterogeneity

of the included studies, drawing firm conclusions was impossible.

However the effectiveness of bracing and SSE treatments in

reducing curve progression appeared promising. The authors did

not formulate such claims with regards to electrical stimulation

however. This SR scored 5 out of 11 with AMSTAR (moderate

quality SR) although crucial elements of a SR were clearly

reported within this review. Further although the assessment of

publication bias was discussed in the paper the actual data was

missing. Additionally even though a comprehensive search process

was reported, this did not fully meet AMSTAR criteria [44–46].

Low quality reviews [17,25,26,36,43,57,58], AMSTAR

scores 4, 2 and 1. The remaining SRs that met the inclusion

criteria [17,25,26,36,43,57,58], were of low, or very low [17,36]

quality, and were classified using the OCEBM [47,48] and JBI

criteria [49,50] as evidence of lower levels (Table 6).

The first SR on the conservative treatment of AIS by Focarile

et al., that was found, dates back to 1991 [58]. It achieved an

AMSTAR score of 4 and the conclusions of this review supported

the use of braces. The meta-analysis by Rowe et al. from 1997

[26], evaluated different programs of bracing and of LESS. The

results indicated that braces were effective only if they were worn

23 hours a day, but the results demonstrated no significant

differences between LESS and observation. The Rowe et al. SR

achieved only an AMSTAR score of 2. This was quite unexpected

and remarkable, as this review, published in 1997, was based on

evidence found within a textbook! What was even more surprising

was the fact that the review was then used as a basis for producing

the guidelines and recommendations [42], including the 2004 US

Preventive Services Task Force recommendations, still current in

2014 [36]. A review published after this in 2008 [17] by Weiss and

Goodall, evaluated the effectiveness of different methods of non-

surgical treatment individually; first bracing, and then the

outpatient and inpatient rehabilitation of AIS (these included

SSEs typically used in Europe). This paper suggested that inpatient

rehabilitation was effective but only achieved a score of 1 with

AMSTAR.

The lowest quality SR by Sanders et al. [36] (2012) suggested

that bracing may reduce the need for surgery, but other SRs

[33,43,57] were not so convincing in their conclusions. Two of the
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SRs also considered patient-centered outcomes [43,57] but found

no firm evidence that bracing may negatively influence the quality

of a patient’s life. The SR by Davies et al. [43] from 2011 further

questioned the cost – effectiveness balance of bracing considering

that there was no credible evidence of its effectiveness. Interest-

ingly, their conclusions as to the quality of the available evidence

were similar not only to those reported 20 years earlier in the 1991

review by Focarile et al. [58] but also to those from the high [33]

and low [57] quality recent SRs by Negrini et al. and Maruyama

et al.

Usual physical activity
Green et al. (2009) [59] low quality review, AMSTAR

score 4/11. One low quality review [59] (that scored 4 on

AMSTAR), comprised five primary studies as well as six narrative

reviews. A comparison of the study findings as well as different

recommendations, found within this review provides cautious

(grade D, Oxford CEBM) recommendations for the participation

of AIS patients in sports who were either meaningfully observed or

treated with braces. This paper however, rather than providing

findings from a so called ‘systematic review’ primarily summarizes

opinions formulated by undertaking a more biased narrative

review and discusses findings from individual observational studies

(three case-control studies, a survey and a case report), both of

which provided low quality evidence of level 3 and 4 and 5,

respectively [47–50]. Whilst this review provided information on

the levels of evidence of the primary papers included, it did not

sufficiently nor rigorously assess the methodological quality of

these studies.

Adverse effects
Two low quality reviews that addressed the adverse effects of

brace wear were found by Li et al. [60] and Saccucci et al. [61],

from 2008 and 2011, respectively. The 2008 review (AMSTAR

score 3), based on the findings from five observational studies (one

cross-sectional, one case-controlled, and three uncontrolled follow-

up studies)concluded that there was no convincing evidence to

support the assumption that brace wear may be associated with

the loss of bone mineral density. The other review, by Saccucci

et al. (AMSTAR score 2) included a narrative report on a case

study from 1969. The authors suggested that there was an

association between wearing the original Milwaukee brace (with a

jaw support) and malocclusion. However, these claims now have

only a historical meaning, as subsequently a large clinical

controlled trial published in 1972 (also reported by Sacucci et al.),

showed no such adverse effects associated with the use of the

improved, thoraco-lumbo-sacral (TLSO) and soft (SpineCor)

braces as none of these types of braces have a jaw support. The

review by Saccucci et al. was very haphazardly conducted and

very poorly reported with no clear data on the correlation of

bracing and dental occlusion that could be determined.

Additional non-surgical interventions not addressed in
SRs

Other non-surgical interventions were reported in the literature,

e.g. chiropractic and complementary and alternative medicine

methods (acupuncture, Pilates exercises, or herbal therapy) [6–8],

however no secondary analyses addressing those approaches were

found.

Quality analyses
As reported in detail in the Results section, and in Tables 3–5,

the methodological quality of the majority (16 out of 21) of the

retrieved SRs was disappointingly low, regardless of the limitations

that were independent from the study authors – such as the

number, quality, design and comparability of eligible primary

studies. In many SRs there was no second independent reviewer

and blind study selection and/or data extraction, no lists of

included and excluded studies, no comprehensive search for

evidence, and, perhaps most importantly, no quality assessment of

included studies conducted. The reviews instead reported only

(more or less detailed) study characteristics. In some of the reviews

the level of evidence hierarchy classification (categories of studies)

were reported as a quality assessment suggesting perhaps a lack of

knowledge amongst clinicians conducting SRs regarding system-

atic review methodology. Further, a number of excluded reviews

(Table S2) were called ‘‘systematic’’ but actually comprised only a

structured and systematic literature search, and then presented a

narrative discussion of a few papers of diverse designs. The only

SR with a meta-analysis by Rowe et al. [26] was seriously flawed

methodologically (AMSTAR score 2 out of 11, Table 3) with

findings and conclusions that were biased (Table 5). This review

(as well as the SR by Focarile et al. [58]) did not differentiate

between juvenile and adolescent IS. As these conditions differ in

their clinical characteristics therefore their findings can be

regarded as even less credible.

The low methodological quality found within a large proportion

of the so called systematic reviews in this area, is in general very

disappointing, especially when comparing these findings to recent

overviews that have confirmed the good methodological quality of

systematic reviews within the areas of rehabilitation [64] and

orthopedics [65]. These results suggest that not only are good

RCTs and prospective studies with a control group needed, but

also as important, there is a fundamental need to improve the

quality not only of conducting, but also writing and presenting

systematic reviews in the subject matter addressed within this

paper. It would also be suggested that education in the conduct

and presentation of state of the art systematic reviews are

prioritized within medical and health care education.

Quality of reviews vs quality of reporting. The objective

of this current paper was to evaluate the methodological quality
of systematic reviews, not the quality of reporting.
However, it must also be acknowledged that clear reporting does

not necessarily result in a high quality review. Some reviews were

clearly reported, but nonetheless had a number of methodological

limitations.

The high quality reviews [16,33] did not meet the AMSTAR

criteria [44–46], regarding the assessment of the likelihood of

publication bias as well as the criteria on the reporting of conflicts

of interest statements within individual primary studies. These

issues indicate minor limitations in reporting, rather than the

processes undertaken to conduct and develop the systematic

review, in terms of the AMSTAR criteria [45]. The moderate

quality reviews [7,37,52] generally met the substantial criteria for a

valid systematic review, but did not meet some of the criteria for

comprehensively conducting and reporting (Tables 3–5), such as

providing the ‘a priori design’ of the review (e.g. in a SR protocol),

comprehensive searching, regardless of the publication status (gray

literature) and language restrictions, as well as providing lists of

included and excluded publications. The lower quality SRs were

either clearly reported, but appeared less careful with the reporting

of the methodological process undertaken [25,43,52], were

haphazardly undertaken [61], had language limitations [58,61]

and/or were written in a way that did not follow contemporary

reporting criteria [26,58].
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Types of reviews and outcome measures
Although systematic reviews of uncontrolled observational

studies, especially of retrospective designs may be developed

according to standard criteria [66], this does not eliminate the bias

resulting from the methodological constraints of the included

studies. Another issue is the type and meaning of primary and

secondary outcome measures. Curve progression as a criterion of

treatment success is considered a primary outcome measure within

many SRs (e.g. [6,25,26,51–53], Table 4). In point of fact

however, primary, patient-centered outcomes, (considered in the

available Cochrane reviews [16,33] as well as in a number of other

SRs [43,57]) are outcomes that are of most concern to the patients

themselves; these include such outcomes as for example neuro-

motor control, balance, back pain, or respiratory function. Curve

progression, in terms of patient-centered outcomes, is regarded by

the Cochrane Back Research Group (CBRG) as a surrogate, or as

a secondary end-point or outcome measure. The effects of brace

treatment have to date been controversial as to the impact on

patients’ and families’ quality of life and other adverse events

[12,67]. Furthermore, a cost-utility analyses indicated that

outcome measures need to be patient-centered and that both

outcomes and costs are measured and assessed in the long-term

[68,69].

Quality of reviews and levels of evidence
An issue not covered through the appraisal with the AMSTAR

tool – the research design of primary studies included within a

review – necessarily influences the level of evidence derived from a

SR, and is addressed and interpreted differently within different

classifications of the hierarchy of levels of evidence currently

available. Significant difficulties were encountered when trying to

categorize the levels of evidence (LoE) of the SRs that were

included. This was due to the very unclear characteristics of the

large majority of the SRs in terms of the study designs that were

included for analysis (Table 5).

The current Oxford CEBM classification [47,48] categorizes

SRs of RCTs as a step 1 (or level 1) evidence for questions

regarding treatment benefits and common harms. However it does

not list SRs of other types of research designs besides RCTs for

treatment benefits, and only lists SRs of nested case-control studies

as step 2 (level 2) of evidence. Conversely the latest Joanna Briggs

Institute’s ‘‘New Levels of Evidence’’ document [49,50] classifies

SRs of different types of studies with the highest sub-level for each

of 5 levels of evidence, where a SR comprised of RCTs is allocated

a level 1a, and SRs of expert opinion (!) is considered to be a level

5a of evidence (although it is unclear to the authors of this paper

how a SR of expert opinion should be conducted).

Furthermore it is worth noting the fact that, a systematic review

that includes either an inferential statistical analysis (meta-

analysis), or alternatively is a qualitative systematic review, is not

a criterion that influences the current levels of evidence achieved

in either the OCEBM or the JBI classifications. In fact, the three

quantitative reviews by Dolan and Weinstein [25], Focarile et al.

[58] and Rowe et al. [26], which included pooled data syntheses

(meta-analysis) and were included in the present study, all scored

as low quality SRs with AMSTAR while the most rigorous, high

level evidence reviews of clinical trials [7,16,33] did not include

any meta-analyses. As a point in fact very few SRs (those of

moderate and high methodological quality (Table 3) – considered

the research study designs of included studies as important criteria

for the conduction of a valid and reliable SR [70].

Comparisons with other studies
No overview of systematic reviews addressing the effect of non-

surgical interventions on patients with AIS could be found.

However, an analysis of one of the included SRs [6] was reported

in an overview of systematic reviews addressing manual therapy in

various pediatric conditions [63]. Additionally brief critiques of

one of the included SRs [26] were found in two of the SRs that

were analyzed [22,37]. Finally, critical abstracts of two of the

included SRs [26,51] are provided in the DARE database.

Generally, the assumptions and analyses within the DARE

database correspond with the findings of this study.

Limitations of the study
As is typical for systematic overviews of systematic reviews, an

analysis of the overall methodological quality of all the included

systematic reviews (not the primary studies included in the reviews)

was conducted within this study. Thus, information regarding the

design and methodology of individual primary studies were, except

in very unclear cases, based on the quality appraisals reported

within the systematic reviews that were included and analyzed.

With the exception of one review [43], the authors were not

contacted.

Evidence from very recent primary studies and

unpublished updated SR. Recently, the first multicenter

randomized controlled BrAIST trial evaluating the effectiveness

of bracing on AIS [23], as well as a randomized controlled trial on

the effectiveness of a scoliosis-specific exercise program [71], both

found the interventions to be effective. Conversely a very recent

prospective controlled trial by Sanders et al. (2014) [72] claimed

that only highly compliant patients may avoid surgery through

brace wear. Furthermore, an update of a Cochrane review

considered in this paper [33], currently under review (JB-S,

personal communication), demonstrates improvements in terms of

the evidence-base in this subject matter, however the Negrini

(2014, unpublished) Cochrane brace review included seven

prospective trials (five RCTs) of different quality, which reached

different conclusions. These add to, and seem to alter, the

evidence-base regarding brace and exercise treatments. However,

the assessment of methodological quality of primary and

unpublished studies was beyond the scope of this study.

Conclusions

N The methodological quality of systematic reviews in the

area of non-surgical interventions for of AIS is generally

low;

N Findings from higher quality reviews that consider numer-

ous outcome measures, indicate that generally there is

insufficient evidence to enable researchers and clinicians as

well as service users to make a judgment on whether non-

surgical interventions in AIS are effective;

N Individual, highly cited and older reviews, demonstrating

the effectiveness of rigorously applied braces and physio-

therapy, were found to be of low methodological quality; so

it is unclear to what extent the results of these reviews are

valid;

N Readers need to be aware that papers entitled as systematic

reviews may not necessarily meet the criteria to be classified

as systematic reviews or in other words, papers entitled as

systematic reviews need to be considered in terms of their

methodological rigor; otherwise they may be low quality

sources of evidence that are mistakenly regarded as high

quality ones.
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To the authors’ best knowledge, this is the first comprehensive,

explicit and systematic overview of systematic reviews addressing

diverse non-surgical interventions for adolescents with idiopathic

scoliosis. The authors believe that the findings of this overview will

be of significant benefit to patients and parents, clinicians,

researchers and commissioners of health services in this field.
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