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Background: Adolescent idiopathic scoliosis (AIS) is a 3D helical spinal deformity which develops in healthy adolescents without
a known cause. Bracing is prescribed to limit curve progression and improve spine and torso shape, but there has been limited research
on what type of brace is most effective in these roles.

Purpose: To investigate which brace; rigid or elastic, is most effective in AIS over several different outcomes.

Study design: Systematic review with meta-analyses.

Methods: Electronic databases (PubMed, MEDLINE, EMBASE, EMCARE, Cinahl & PsycInfo) and Clinical Trial Registries
(ISRCTN, International Clinical Trials Registry Platform ICTRP & clinicaltrials.gov) were searched from inception to February 2021.
The Scoliosis Research Society (SRS) standardised inclusion criteria were used, with the intervention as elastic bracing (SpineCor)
compared to rigid bracing for physical and psychosocial outcomes. GRADE and Effective Public Health Practice Project tools were
implemented as part of the quality assessment.

Results: Eleven studies with a total pool of 772 participants were included: 363 (47.0%) in the elastic brace intervention and 409
(53.0%) in the rigid bracing. Most studies slightly favoured rigid bracing for:

1. The mean size of the curve following bracing (Mean Difference MD = 1.16, 95% CI = 1.91 to 4.22, p=0.46).

2.The risk of the curve size increasing by >5° curve progression (Risk Ratio =1.86, 95% CI 1.11 to 3.09, p=0.02).

However, elastic bracing was favoured for improving self-image (MD = 0.42, 95% CI 0.09 to 0.75, p=0.01). There were no differences
in functional, gait and pulmonary function found (no statistical analysis available).

Overall GRADE was at very low quality and individually, studies were either deemed moderate or low quality with only one high
quality study.

Conclusion: Due to the low quality of the evidence, it is not possible to be certain that elastic bracing is more effective than rigid
bracing in all the assessed criteria, whilst noting that rigid bracing reports better rates of prevention of progression and elastic bracing
reports a better self-image outcome. Further studies are required to draw a definitive conclusion.
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Adolescent idiopathic scoliosis (AIS) is a three-dimensional
deformity of the spine developed in otherwise normal children
of unknown cause between the ages of 10 and 18 years [1-3]. The
diagnosis of AIS is made once all other causes of scoliosis are ruled
out [1] and is confirmed with a standing coronal radiograph showing
Cobb angle of at least 10° [1,4,5]. AIS accounts for approximately
90% of cases of idiopathic scoliosis in children [6]. The prevalence
of AIS is approximately 0.47-5.2%, with the condition more frequent
in females than males (ratios range from 1.5:1 to 3:1) [6]. Prevalence
studies have shown that the ratio between males and females changes
along with the curve size with ratios of 1.4:1 in smaller curves (10° to
20°) up to 7.2:1 in curves greater than 40° [6].

Description of the intervention

Bracing is a conservative treatment for AIS and is defined by
Negrini S, et al. [7] as the application of external corrective forces
to the trunk where rigid or elastic soft bracing can be used to halt
scoliosis progression and improve spine and torso shape.

Rigid brace: Rigid bracing uses a three-point triangulation
pressure principle enabling forces to be placed above and below
the curve with three pads [8], which are customised and moulded
dependent on the curvature severity and location of the curve [8].
Examples of rigid braces include the Milwaukee which controls the
neck along with the rest of the spine [9,10] and the Boston brace [11]
which is a thoracolumbar sacral orthosis.

Elastic bracing: The SpineCor brace is a dynamic, flexible, and
soft elastic brace, with a base that is worn around the pelvis, thighs,
and crotch. A further cotton bolero and four corrective elastic bands
of different sizes act to pull against the scoliosis, correcting all spine
curvatures, rotations, and imbalances [12]. Patients are instructed to
wear the Spinecor brace at least 20 hours a day, with breaks for 2 hours
in the morning and evening.

Inclusion criteria:

+ Participants diagnosed with AIS.
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Why is it important to do this review?

The Bracing in Adolescent Idiopathic Scoliosis Trial (BrAIST)
[13] is a key trial which reported on rigid bracing compared to no
bracing in moderate AIS and showed that rigid bracing reduced
the number of participants who later required surgery. Compliance
was also reported, as braces worn 13 hours per day, or more were
more likely to be defined as successful by the trial criteria of a Cobb
angle of less than 50° at skeletal maturity. While BrAIST concluded
that rigid bracing is more effective than a watch-and-wait policy in
AIS [13], there has been limited research comparing different brace
types, including for soft elastic bracing. Furthermore, the James
Lind Alliance Priority Setting Partnership for scoliosis identified
as priority research: ‘Which type of brace (e.g., rigid, or dynamic)
is most effective in the treatment of (a) early onset scoliosis and (b)
adolescent idiopathic scoliosis? (JLA PSP Priority 7)’ [14]. Likewise,
this systematic review also updates the Cochrane review of 2015 [15]
which included a review of rigid versus elastic bracing in scoliosis.

This review reports on the effectiveness of different type of
bracing (dynamic soft elastic bracing compared to hard rigid bracing)
for AIS and is registered at PROSPERO, CRD York, CRD42021221749
(Protocol 2.4 in supplementary material information 1). Furthermore,
the reporting review undertaken adheres to the principles and
guidelines for the conduct of systematic review as laid in the PRISMA
statement [16].

Study design

The review is a mixed method, systematic review of quantitative
studies consisting of randomised controlled trials (RCTs), prospective
controlled cohort trials, cross-sectional studies, and retrospective
cohort studies. Qualitative studies were also selected if they were
relevant to the systematic review. The inclusion and exclusion criteria
are shown in table 1.

Outcomes

This paper investigated the outcomes listed in table 2 in a
hierarchical form with the size of the scoliosis, measured using the
Cobb angle [5] and with the Scoliosis Research Society 22 (SRS-22)

*  Scoliosis Research Society (SRS) standardized inclusion criteria for studies on bracing is AIS:

* Both genders are considered with all participants aged 10 and above until the end of bone growth or maturity

(usually aged 14 years old)

Population .
p * Bone age Risser 0-2
*  Primary major curve magnitude 25°-40°
* No prior treatment
In females, either pre-menarche or one-year or less post-menarche.
Intervention

Dynamic soft elastic bracing (known as a SpineCor brace). SpineCor is the only soft or elastic brace available

on the market and thus the terms “SpineCor” and elastic bracing are used interchangeably in this paper.

Hard rigid bracing of a thoracolumbar orthosis type (e.g., Boston and Cheneau brace). For this paper, this

Comparative interventions
comparable.

Exclusion criteria:
Population

Study Format Editorial and letters.

Date Range
Table 1: Eligibility criteria.

is known as Rigid bracing. The Milwaukee brace was excluded as it is a cervicothoracic orthosis and is not

Infantile, juvenile, or adult scoliosis, or scoliosis secondary to other causes such as congenital spinal
deformities, neurological or metabolic conditions or following trauma.

As Spine Cor was first described in 1995, searches are from 1995 and onwards only.
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» Size of scoliosis (measured using the Cobb
angle)

*  Scoliosis Research Society-22 (SRS-22) with the
following domains:

*  Function/Activity

* Pain

*  Self-image

*  Mental health

+ Satisfaction with treatment

* Body image e.g,
questionnaire (SAQ)

spinal  appearance

Outcomes *  Pulmonary function

+ Disability e.g., functional outcomes such as gait

*  Bracing Questionnaire (BrQ) with the following
domains:

*  General health perception
*  Physical functioning

*  Emotional functioning

*  Self-esteem and aesthetics
*  Vitality

»  School activity

*  Bodily pain

* Social functioning

Table 2: Measured outcomes which are identified in a hierarchy.

Assessment of brace effectiveness

1. The percentage of patients who have <5° curve progression and
the percentage of patients who have >6° progression at skeletal
maturity.

2. Percentage of patients with curves exceeding 45° at skeletal
maturity and percentage who have had surgery recommended/
undertaken.

3. 2-year follow-up post skeletal maturity to determine the
percentage of patients who subsequently undergo surgery.

Table 3: SRS standardised criteria for the outcome of bracing
treatment [21].

questionnaire [17,18] as the primary outcomes. Secondary outcomes
were body image using the Spinal Appearance Questionnaire
(SAQ) [19], psychosocial outcome using the Bracing Quality of Life
Questionnaire (BrQ) [20], pulmonary function and other functional
outcome such as gait. Furthermore, variables associated with outcomes
such as study characteristics, study design, participant information,
intervention characteristics, outcome definitions and funding were
sought (Table 2).

The size of the scoliosis is a measured continuous outcome,
whilst dichotomous outcomes include the number of participants
whose scoliosis had progressed greater than 5° (a minimal clinically
important difference) (MCID) [7] This, alongside the defined
successful endpoint of the number of participants at the end of
treatment who did not need surgery nor pass a curve size of more
than 45° [15]. The Scoliosis Research Society standardised criteria
outcomes for assessing bracing treatment [21] are seen in table 3.

Data sources and searches

Electronic searches: The lead author (EL) completed a systematic
search to identify relevant studies in PubMed, Medline, EMBASE,
Cinahl, PsycInfo and EMCARE in November 2020. Furthermore,
the following clinical trial registries were also searched: ISRCTN
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registry, International Clinical Trials Registry Platform (ICTRP) and
clinicaltrials.gov. The searches were developed around the eligibility
criteria PICO with combination of keywords and MeSH terms (see
supplementary material information 2). Searches were limited to
English Language only and the initial search precision was confirmed
with an information specialist. All searches were run once more prior
to final analysis in February 2021.

Data collection and analysis

Selection of studies: Once duplicates were removed, the titles and
abstracts were screened independently by two main reviewers (EL and
SR) using Endnote reference manager [22] and Rayyan software [23].
The reviewers were blinded in the review process. Any disagreements
were mediated by the third independent reviewer (AG). The second
reviewer screened 10% of the titles and abstracts and these were
selected alphabetically by author name.

Data extraction and management: Using an adapted Cochrane
data extraction form (see supplementary material information 7),
data were extracted by the main reviewer (EL). The second reviewer
(SR) checked a random 10% of studies. Study characteristics and all
individual population data were extracted. Again, any disagreements
were mediated by the third reviewer (AG).

Quality and risk of bias assessment: Methodological quality
was assessed (by EL with SR confirming 10% of studies) using the
Effective Public Health Practice Project (EPHPP) [24]. This quality
appraisal takes into consideration different study designs, and when
compared to the Cochrane Collaboration Risk of Bias Tool (CCRBT),
shows fair/reasonable inter-rater agreement for individual categories
and excellent agreement for the final global rating [25]. Furthermore,
the Grading of Recommendations Assessment, Development
and Evaluation of Systems (GRADE) were also employed using
GRADEpro (2020) [26] to assess the overall quality of evidence.

Data synthesis: The data was synthesised in a narrative format
and, if homogenous, was included in a meta-analysis. Dichotomous
outcomes (the number of events and participants in each treatment
group) were calculated to generate a risk ratio (RR) and associated
confidence intervals (CI). Additionally, the mean difference (MD)
and standard deviation (SD) with 95% CI were extracted.

To allow for differences in the treatment effect from the various
studies, all meta-analyses were performed using a random effects
model [27] with the RevMan 5.4 software (Cochrane IMS. 2020).

Assessment of heterogeneity: Significant heterogeneity was
defined as a probability value of >0.05 as assessed using the Chi-
Squared test. The I” statistic was also used to assess heterogeneity, with
the following interpretation guidelines: I? of 0% - 30% as unimportant
heterogeneity; I? of 30% to 60% as moderate heterogeneity; I? of 50% to
90% substantial heterogeneity; and I* of 75% to 100% as considerable
heterogeneity [28].

Description of studies

Search results: There were 2043 records identified in an electronic
search using the search terms described in figure 1 (see supplementary
material information 2). After removing all duplicates, 1486 titles were
screened with 262 were excluded by title using an automation tool and
10 by hand - rechecked to remove the ten. There were 1201 records
excluded after reviewing the abstracts and 13 studies were retrieved
for further analysis, all of which were quantitative in design. There
were 2 studies which used the same cohort (n=2), and we only used
the unique results in each study and presented as only one to remove
double counting. In total, 11 studies were included in the systematic
review.
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[ Identification of studies via databases and registers ]
)
Id Records removed before screening:
e Duplicate records removed
nt Records identified from: (n=1541)
ifi Databases (n = 1781) > Records marked as ineligible by
c Registers (n = 262) automation tools (n = 16)
_at Records removed for other reasons
io (n=0)
n
— l
)
Records screened — 3| Records screened
(n=1486) (n=1486)
Reports sought for retrieval > Abstract reports not retrieved:
S (n=1214) Wrong population (n = 402)
cr Not brace related (n = 299)
e Wrong Intervention (n = 268)
<) Background article (n = 86)
ni Wrong outcome (n = 49)
n Wrong publication type (n = 40)
[¢] Wrong comparator (n = 24)
Not in date range (n =21)
Wrong topic (n=11)
Foreign language (n = 1)
Reports assessed for eligibility
(n=13) Reports excluded:
Same cohort patient in two reports (n=2)
—

Studies included in review
n=11)

Reports of included studies
(=0)

Figure 1: PRISMA 2020 flow diagram for searches of databases and registers [16].

Elastic Rigid Total No.
Female 305% 356% 661%
Male 38* 40* 78%*
Total No. 363 (47.0%) | 409 (53.0%) 772
Age (years) (Mean, 12.5+0.3 126+ 0.4
SD and range) (12.3-13) (12.3-13)
Curve type
Thoracic 65 109 174
Thoracolumbar 23 29 52
Lumbar 27 19 46
Double 44 62 106

*Excludes missing data from one study.
Table 4: Baseline Characteristics of studies.

Included studies: Eleven quantitative studies were identified and
included in the systematic review. Characteristics of the included
studies are described in supplementary information 4.

There were three RCTs identified [29-31]. The length of the follow
up for the primary outcome varied, with Ersen O, et al. [32] recording
immediate change in pulmonary function in the brace to Guo J, et al.
[29] recording the Cobb angle at 48 months post-skeletal maturity.

The sample sizes ranged from 21 to 243, with a total of 772
participants recruited into all studies; These included 363 (47.0%) in
the elastic brace intervention group and 409 (53.0%) in the rigid brace
comparator group, with no statistically significant difference found
when compared elastic total group to rigid brace group (p=0.38).
Apart from one study that did not provide sex demographics, this
systematic review consists of 661 females and 78 males: with the total
mean age of 12.54 (Elastic brace) and 12.64 years old (Rigid brace)
(Table 4).

The majority (7 out of the 11 studies) [29-30,33-37] recorded
an increase in the curve size of >5° as the primary outcome. Whilst
the quality of life was assessed by the SRS-22 by two studies [38,39],
the specific outcome of body image was only assessed by one paper
[39]. Studies were conducted across the world including Hong Kong
[29-31], Turkey [32,38], Germany [35], Italy [36,37], USA [33] and
Canada [34]. All studies were single centred except for one [39] which
was based over 2 centres in Poland.

Baseline characteristics

Baseline characteristics of the pooled participants in all studies
are shown in table 4. The majority were female in both elastic and
rigid bracing groups. The ratio of female to males were typical of the
population of AIS [6].

Clin Ex Orth

Volume: 1.1



Journal Home: https://www.boffinaccess.com/clinical-and-experimental-orthopedics

Elastic Bracing
Mean SO Total

Rigid Bracing

Study or Subgroup Mean

Mean Difference
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Mean Difference
IV, Random, 95% CI

1.1.1 Randomised

Guo 2014 21.8 11.83 20 217 11.03 18 13.3%
Subtotal (95% CI) 20 18 13.3%
Heterogeneity: Mot applicable

Test for overall effect: £=0.03 (P = 0.98)

1.1.2 Cohort

Erzen 2016 336 13 49 346 IR 19 21.8%
Gammon 2010 w7 9.4 32 375 108 35 22.8%
Gutman 2016 469 131 97 M7 146 146 3%
Weiss 2005 31 11.83 12 337 11.03 211 111%
Subtotal (95% CI) 190 221 86.T%
Heterogeneity: Tau®= 718, Chi*=6.34, df=3(FP=010);, F=53%

Testfor overall effect; Z=0.62 (P=0.53)

Total (95% Cl) 210 239 100.0%

Heterogeneity: Tau®= 4.65; Chi*=6.56, df=4 (P=0.16), F= 39%
Test for overall effect: £=0.74 (P = 0.46)
Testfar subgroup differences: Chi*=0.07, df=1 (P =0.80), F= 0%

0077, 7.37]
010 [-7.A7, 7.37]

1.16 [-1.91, 4.22]

-1.00[-6.02, 4.07] —_—
0.20 [-4.64, 5.04] S
5.20 [1.68, 8.72] —
-2.70[-10.89, 5.49]
1.17 [-2.51, 4.84] —eosliiii—

I el

-10 -5 0 g 10
Favours Elastic bracing Favours Rigid Bracing

Figure 2: A Forest plot showing the mean Cobb angle after bracing treatment.

Elastic Bracing  Rigid Bracing

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

1.2.1 Randomised

Guo 2014 7 20 1 19 55% 6,30 [0.86, 46.37] T
Subtotal (95% Cl) 20 18 5.5% 6.30 [0.86, 46.37] e ——
Total events 7 1

Heterogeneity: Mot applicable

Test for overall effect: £=1.81 (F=0.07)

1.2.2 Cohort

Garmman 2010 15 32 14 35 40% 1.17 [0.68, 2.03] -

Gutman 2016 T4 a7 81 146 31.8% 1.38[1.15,1.658] =

Lam 2008 7 22 1 21 5.4% .68 [0.90, 49.78] 7

Weiss 2005 11 12 a 18 32%  28.31[1.84, 436.31]

Zaina 2012 G 29 13 74 17.0% 1.18[0.48, 2.80 —

Zaina 2013 18 41 3 200 131% 293[0.98 8.79) —
Subtotal (95% Cl) 233 311 94.5% 1.68 [1.03, 2.73] >

Total events 131 112

Heterogeneity: Tau®=0.16; Chi*=11.490,df=5 (F=0.04) F=57%

Test for overall effect; 2= 2.08 (F=10.04)

Total (95% CI) 253 329 100.0% 1.86 [1.11, 3.09] -

Total events 138 113

Heterogeneity: Tau®=0.21; Chi*=14.85, df= 6 (F=0.02), F=59% 'D.DD1 0!1 1'D 1DDD'

Test for overall effect; 2= 2.37 (P=0.02)
Test for subaroup differences: Chi*=1.59, df=1 (P=021 F=37.2%

Favours Elastic Bracing Favours Rigid Bracing

Figure 3: Forest plot showing number of patients with a >5° Cobb angle progression before or after skeletal maturity after bracing.

This is despite excluding the demographics data from one
study. The lead author (Dr Ersen) was written to requesting further
demographics but was unable to provide any more details.

Furthermore, not all the studies reported the curvature type. Those
papers that did record curve type reported that most participants had
a thoracic curve type followed by a double curvature, a thoracolumbar
curve and then a lumbar curve type.

Methodological assessment

The results of the methodological assessment using the
Effective Public Health Practice Project (EPHPP) tool are shown in
supplementary information 5. Overall, the global rating identified
only one study of strong quality [29] and five moderates in quality
[30,33-34,38-39] of which most had different study designs including
cohort; retrospective cohort, cross-sectional and prospective RCT.
The remaining studies were graded as weak in quality [32,35-37].

Spinal curvature (Cobb angle)

The change in curve size showed the clinical effectiveness for
bracing of any type in AIS. This is shown by five studies measured the

mean Cobb angle post-intervention with a total of 449 participants
(elastic bracing n=210, rigid bracing n=239) where all studies show a
reduction in curve size regardless of the type of brace used.

The mean Cobb angle after both types of treatment (Figure 2) was
similar. There is a slight trend that favours rigid bracing, although this
was not significant, with mean difference (MD) of 1.16 (95% CI 1.91
to 4.22) and overall heterogeneity of ’=39%. It should be noted that
the highest quality study [29] shows that there is almost no difference
in the mean Cobb angle after treatment for both rigid and elastic
bracing.

Disease progression: Seven out of eleven studies [29-30,33-37]
investigated the percentage of participants who progressed >5° in
spinal curvature despite bracing of any type.

Figure 3 shows a significant difference between rigid and elastic
bracing, favouring rigid bracing with less patients progressing more
than 5° (RR=1.86, 95% CI 1.11 to 3.09). Guo J, et al. [29], an RCT
and the only study which ranked high quality in EPHPP study
assessment, agreed with this finding and had shown a significant
difference favouring rigid bracing; RR=6.30 (95% CI 0.86 to 46.37).
The remaining cohort studies also showed this, particularly Weiss HR,
et al. 2005 [35] (RR=28.31, 95% CI 1.84 to 436.31).
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Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 95% CI
1.3.1 Randomised

Guo 2014 1 20 1 18 20% 0.90 [0.06, 13.36] *

Subtotal (95% Cl) 20 18 2.0% 0.90 [0.06, 13.36] —*—
Total events 1 1

Heterogeneity: Mot applicable

Testfor overall effect Z=0.08 (F=0494)

1.3.2 Cohort

Garmmon 2010 23 32 28 35 49.8% 0.90[0.68,1.18]

Gutrman 2016 49 g7 54 146 48.3% 1.37[1.02,1.82] E
Subtotal (95% Cl) 129 181  98.0% 1.10[0.71,1.72]

Total events 72 a2

Heterogeneity: Tau®=0.08; Chi*=4.91 df=1 {(F=0.03), F=80%
Testfor overall effect £=0.44 (P = 0.66)

Total (95% CI) 149 199 100.0% 1.10[0.75, 1.62] -
Total events 73 a3
Heterogeneity: Tau®= 0.06; Chi*=4.89, df=2 (P =0.09); F= 59% 01 0z 05 1 : 5

Testfor overall effect Z=048 (P=063
Testfor subaroup differences: Chif=0.02, df=1 (P=0.88), P=0%

Favours Elastic Bracing Favours Rigid Bracing

Figure 4: Forest plot showing the number of patients who have reached >45° Cobb angle after bracing.

Elastic Bracing  Rigid Bracing

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 85% CI
1.4.1 Randomised

Guo 2014 1 20 1 18 1.7% 0.50[0.06, 13.36]

Subtotal (95% CI) 20 18 1.7% 0.90 [0.06, 13.36] —‘—
Total events 1 1

Heterogeneity: Mot applicable

Test for overall effect: Z=0.08 (P = 0.94)

1.4.2 Cohort

Gammon 2010 1 32 2 3\ 21% 0.55[0.04, 5.78]

Gutman 2016 37 a7 44 146 96.3% 1.27 [0.89, 1.80] !
Subtotal (95% CI) 129 181 98.3% 1.24 [0.88, 1.76]

Total events K] 46

Heterogeneity: Tau®= 0.00; Chi®= 0.48, df=1 (P =0.49); F= 0%
Testfor overall effect £=1.22 (F=0.22)

Total (95% Cl) 149 199 100.0% 1.24 [0.87, 1.75] &
Total events 39 47
Heterogeneity: Tau® = 0.00; Chi*= 0.54, of= 2 (P = 0.76); F= 0% b o 1.EI o

Test for overall effect Z=1.20 (P = 0.23)
Test for subaroup differences: Chif= 005, df=1 (P =082}, F=0%

Favours Elastic Bracing Favours Rigid Bracing

Figure 5: Forest plot showing the number of patients who have been recommended or have undergone surgery before or during skeletal

maturity.

Additionally, this review has also investigated the other SRS
standardised bracing treatment outcomes - the number of patients
who have reached >45° Cobb angle and number of patients who
have been recommended or has undergone surgery before or during
skeletal maturity. Figures 4 and 5 suggests the forest plots had found
that there was no significant difference between rigid and elastic
bracing for the two outcomes (RR=1.10 and RR=1.24 respectively).
Figure 4 also shows there is moderate heterogeneity 1>’=59% whilst
figure 5 shows non-significant heterogeneity I*=0%.

Quality of life (QoL)/ SRS-22 questionnaire

Similarly, there is no clear significance in the difference between
elastic and rigid bracing for the SRS-22 Quality of Life questionnaire
in terms of total score and all domain scores. There was substantial
heterogeneity (I’=73%) as these were sub-categorised; MD = 0.15
(95% CI-0.04 to -0.34 overall). Except for self-image (95% CI 0.09 to
0.75) with moderate heterogeneity I*=48% (Figure 6).

Body image

The only paper that assessed body image using the spinal
appearance questionnaire (SAQ) [39] noted a mean SAQ score of

2.10 in rigid bracing compared to 2.53 elastic bracing (p=0.024)
and concludes that elastic bracing was better than rigid bracing
for improving the individuals own view of their curve. The other
variables of the SAQ were not statistically significant elastic bracing
was compared the rigid bracing.

Bracing questionnaire

Misterska E, 2019 [39] was also the only paper which recorded
the results of bracing questionnaire (BrQ) (Figure 1). Rigid bracing
scored slightly higher in the self-esteem and aesthetics subcategory
(p=0.087). This conflicts with the SRS-22 self-image (as shown in
figure 6 SRS-22, Misterska self-image domain MD = 0.26, 95% CI
-0.06 to 0.58 overall). Emotional functioning and social functioning
scored higher in rigid bracing than in elastic bracing (p=0.014,
p=0.048 respectively). Overall, the mean total scored higher in the
rigid bracing than that of the elastic bracing with a possible score out
of 100, (mean=77.36, 74.45 respectively, p=0.346).

Physical functioning

Using the Bracing Questionnaire (BrQ), in the only paper to
report this [39], physical functioning was similar for both braces
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Study or Subgroup  Mean SD Total Mean

Mean Difference
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Mean Difference
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1.5.1 Function | Activity

Ersen 2016 447 0B 45 41 04 19 10.7%
Misterska 2019 383 044 31 401 0B3 40 11.3%
Subtotal {95% CI) 76 59  22.1%
Heterogeneity: Tau®=0.08; Chi*=5.43 df=1 (P =002, F=82%
Testfor overall effect: Z= 0.62 (P = 0.54)

1.5.2 Pain

Ersen 2016 37 0B 45 3 04 19 B8.0%
Misterska 2018 435 047 31 447 051 40 11.7%
Subtotal (95% Cl) 76 59  19.7%

Heterogeneity: Tau®= 0.30; Chi*= 1046, df=1 (P = 0.001); F= 90%
Testfor overall effect: Z= 0.65 (P = 0.51)

1.5.3 Self-image

Ersen 2016 45 08B 45 38 07 19 9.4%
Misterska 2019 389 0B 31 363 076 40 10.1%
Subtaotal (95% Cl) 76 59 19.5%
Heterogeneity: Tau*=0.03; Chi®=1.83, df=1 (P=016); F= 48%
Testfor overall effect: Z= 247 (P =0.01)

1.5.4 Mental Health

Ersen 2016 38 05 45 35 08 19 B.A9%
Misterska 2019 382 077 31 422 0455 40 101%
Subtotal (95% CI) 76 59 19.0%
Heterogeneity: Tau*=0.15; Chi*=546, df=1 (P=0.02); F=82%
Testfor overall effect: = 0.03 (P = 0.97)

1.5.5 Satisfaction with treatment

Ersen 2016 36 07 45 35 08 19  B.A%
Misterska 2019 387 0481 31 3487 0159 40 11.2%
Subtotal {95% CI) 76 59  19.7%
Heterogeneity: Tau®= 0.00; Chi®= 065, df=1 (P =042), F= 0%

Testfor overall effect: Z= 040 {F = 0.69)

Total (95% CI) 380 295 100.0%

Heterogeneity Tau®= 0.07; Chi*= 33.82, df=9 (P = 0.0001}; = T3%
Testfor owverall effect 7=1.53 (P=013)
Testfor subgroup differences: Chif= 555 df=4 (P = 0.24), F= 28.0%
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Figure 6: Forest plot showing SRS-22 Questionnaire mean scores for elastic bracing and rigid bracing for AIS.

(Elastic bracing BrQ =3.69, Rigid bracing BrQ=3.96 demonstrating
relatively good scores and no statistically significance (p=0.103). Ersen
0, (2013) [32] who investigated pulmonary function also showed that
both rigid and elastic bracing had restricted function from immediate
wearing of brace using spirometer readings. No statistics and findings
were reported in this study with only an abstract available.

On the contrary, Wong MS, 2008 [31] identified that, when
followed up to one year of the intervention, neither group of elastic
bracing nor rigid bracing showed gait asymmetry when compared
to the convex or concave sides of the scoliotic curve. However, both
braces reduced the pelvic obliquity abduction-adduction of the hip.

Bracing adherence

Although treatment adherence was not an outcome measure
for this review, it was reported in the paper that prescribed hours of
brace wear ranged from 18 to 23 hours with rigid bracing and elastic
bracing was to be often worn for 20 hours. Cheow X, et al. (2010)
[40] identified that elastic bracing was worn for 17.1 + 5.17 hours
(range: 8-20) while for the Boston brace was 9.79 + 4.37 hours (range:
1-20). Misterska E, (2019) [39] showed in elastic bracing, a positive
association between the hours of brace wear with participants’ self-
image (p<0.05). Furthermore, a strong negative association between
the SAQ and the duration (in hours) that the elastic brace was worn
was found showing the longer the elastic brace was worn in a day, the
less the reported prominence of the thorax (p<0.05). Contrary to this,
the rigid brace had a high SAQ with the hours worn (p<0.05), as the
light plastic material felt cumbersome, and it is suggested that this
reason why the rigid brace was worn for less hours.

GRADE assessment

The table in supplementary information 6 summarises the quality

assessment according to the GRADE criteria (GRADEpro 2020) [26]
for the top 7 outcomes assessed in the meta-analyses and shows that
the quality of evidence was very low.

This review was conducted to identify which type of spinal
brace (rigid or elastic) is most effective in AIS using both physical
and psychological outputs. The importance of this question was
highlighted as top priority question 7 for scoliosis by the James Lind
Alliance Priority Setting Partnership for scoliosis (2017) [14]. This
review, which assessed the efficacy of elastic bracing when compared
to rigid bracing in AIS, had reported similar pulmonary restrictive
function and reduced pelvic obliquity in both types of bracing.
There was a slightly more favourable outcome for rigid bracing in
the following: Cobb angle, Bracing Questionnaire (BrQ) and Spinal
Acceptance Questionnaire (SAQ). However, there were slightly
favourable results for elastic bracing in scoliosis specific questionnaire
SRS-22, in particular self-image.

Bracing adherence is a key factor for successful treatment for AIS
[13] and this review had found that rigid bracing had adhered to less
hours compared to elastic bracing and still be able to produce slightly
favourable results for the treatment of AIS. This suggests further
studies (such as BASIS [41]) are required to investigate whether
reducing the time the brace is worn and altering how the forces are
applied (such as a night-time, over bending brace) produces as good
results as full-time brace wear in AIS.

While this review was intended to be mixed method review,
only quantitative studies were found. Overall, the methodological
quality of studies was moderate to poor according to the EPHPP
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quality appraisal assessment with only one high quality as an RCT.
Low quality studies were found, as most records were cohort studies,
and brief abstracts with no statistical analysis was also included. RCTs
are ranked gold standard, however there is also an issue with RCTs
in AIS bracing studies as historically, parents often want to choose
their preferred treatment for their child [15] and therefore challenge
the clinical equipoise of the study. As a result, low recruitment rate
and selection bias may occur and not considering this baseline
confounding variable may also have an impact.

As mentioned, there were no qualitative studies found and there
is a need to investigate qualitative research and patient reported
outcomes studies. This is particularly because AIS is a non-life-
threatening condition where great importance is placed on quality of
life, self-image, and mental health around adolescent age.

One limitation of this paper was that only English papers
were reviewed and any foreign languages were not searched for.
Furthermore, there could be potential publication bias in the results
as grey literature was not searched. The meta-analysis conducted
found wide confidence intervals suggesting we have little knowledge
about the precise effects of bracing in the underlying population, and
that further information is needed [42]. We were also reliant on data
which was moderately heterogeneous and at high risk of bias. The
limited number of studies and limited sample size therefore question
generalisability. The GRADE assessment also deemed the papers
as very low-quality overall. This paper therefore shares similarities
to the findings from the Cochrane Systematic Review on Bracing
on AIS [15] in that there is a need for higher quality studies in this
area (noting that Cochrane systematic review includes only the gold
standard RCTs which differs from this review which includes other
study designs).

The need for high quality RCTs to be conducted that fully comply
to the CONSORT TIDieR [43] which checklists and guides trials to
a high standard is recommended. Furthermore, the use of the SRS
standardised criteria guidelines [21], as well as use scoliosis specific
quality of life SRS-22 and BrQ followed up with a minimum of 2 years
post-skeletal maturity is to be recommended. Abundant data could
also be provided in qualitative and mixed method studies to identify
the reasons for brace non-compliance.

While the overall review and meta-analyses were of very low
GRADE, it is questionable to conclusively draw which brace is
more effective in AIS. Statistically, rigid bracing, compared to elastic
bracing, was more effective in limiting scoliosis progression. While
functional outcomes were similar across the bracing types, self-
image improved in elastic bracing compared to those wearing rigid
bracing. Therefore, this JLA priority question still requires further
well-conducted studies evaluating the physical and psychosocial
outcomes. Qualitative studies investigating the effectiveness of both
braces focusing on patient reported outcomes and compliancy with
wearing braces prescribed could also have an impact on Cobb angle
progression and or other outcomes.
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