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## 6378014630 : MAJOR CLINICAL SCIENCES

KEYWORD: Adolescent Idiopathic Scoliosis, spine flexibility, side bending radiograph,
in-brace correction

Raden Achmad Candra Putra : Bending Radiograph as Predictive Factor of In-
Brace Correction (IBC) in Adolescent Idiopathic Scoliosis (AlS). Advisor: Prof.
SOMSAK KUPTNIRATSAIKUL, MD.

Introductions: In-brace correction (IBC) is one of the most important factors in
bracing treatment for Adolescent Idiopathic Scoliosis (AlS). Several factors influenced IBC
achievement. The curve flexibility found to be associated with the IBC. One of the most
common methods for assessing curve flexibility is to take a side bending radiograph. It has
been widely used as a predictor of surgical correction in AlS. However, bending radiograph
to predict the amount of fulltime IBC is not cleared in orthotics practice. The purpose of this

study was to evaluate flexibility as measured by a side bending radiograph as a predictive
factor of in-brace correction in AlS.

Methods: A retrospective cohort study. This study included 82 consecutive
patients with AIS who received full-time bracing treatment at King Chulalongkorn
Memorial Hospital (KCMH) from January 2017 to December 2021. Data collection was
based on the medical record of AIS patients. Demographic data and radiographic imaging
(standing posteroanterior before brace, side bending, and in-brace) were reviewed. The

association between IBC and its associated predictive factors was determined using
correlation analysis and simple linear regression. A multivariable linear regression was

performed to establish the IBC prediction model.

Results: The mean Cobb angle was 32.948.7°. The mean Cobb angle in a side
bending radiograph and in-brace were 17.9+£12 7° and 22.5+11 8°, respectively. Curve
flexibility had a strong positive linear relationship with IBC (r=0.732, P<0.001). Univariate
analysis revealed no relationship between IBC with age, sex, height, weight, Risser sign,
and curve types. The established regression model to predict IBC was ((IBC=60.42 +
0.51(lexibility)- 0.42 dnitial cobb angle)-1.96 (BMI)).

Conclusions: The amount of IBC in a full-time brace could be estimated using the
flexibility of the spine measured by a side bending radiograph. The most influential factor
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Chapter 1. Introduction

Scoliosis is simply defined as a lateral curvature of the spine greater than

10 degrees observed from the coronal view ! In another definition, scoliosis

describes a more complex deformity in three planes of the spine that includes

coronal lateral curvature, sagittal hypokyphosis andor lumbar hyperlordosis,
and transverse vertebral rotation 2. Idiopathic scoliosis (IS) is structural lateral
spinal curvature with unclear cause unknown). IS has been further classified
according to the onset of the scoliotic curve developed: infantile idiopathic
scoliosis (11S) at age 0-3 years, juvenile idiopathic scoliosis JIS) at age 4-9 years,
and adolescent idiopathic scoliosis (AIS) at age 10 -18 years old *. Twenty

percent of IIS and JIS cases are associated with neurological problems in which
the curvature develops over time if left untreated, even after the patient has

reached skeletal maturity. Therefore, natural history of AIS is quite different
with IIS and JIS *.

Seventy percent of idiopathic scoliosis cases are AIS. In children aged 10
to 18, the prevalence of AIS ranges from 2%-6% > . In Surabaya, Indonesia, the
prevalence of AIS was 2.93% ’. In Thailand, the prevalence of AIS among
children aged 11 to 13 years is estimated to be 446% % The incidence of
scoliosis with Cobb angle curve of 10° was equal in boys and girls. However, the
incidence in girls was rising 10 times than the boys in the Cobb angle curve

>30°°.

10
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The treatment of AIS can be either conservative or surgical. The primary

aim of conservative treatment in AIS was to stop scoliosis curve being develop

during the growth period 2 The conservative treatment in AIS consist of
observation, physiotherapy, and bracing. Bracing is a main conservative
treatment for AIS for mild to moderate curve magnitude '°. However, large curve

magnitude more than 40° with remaining growth period will be most likely to

be beneficial in treated with surgical treatment.

The benefit of brace to stop curve progression in AIS has been a debate

among the clinicians and researchers for many years . Several previous studies
evaluated the effect of brace treatment in AIS with various types of braces.

When compared to observation, the majority of studies revealed that the brace
was beneficial in preventing curve progression ' 1> However, in the review

1.1 found that most of published studies were low quality

study by Negrini et a
evidence, thus difficult to generalization.

Scoliosis Research Society (SRS) developed criteria for scoliosis brace

study which aimed to make a researcher of brace in AIS to compare their

findings with other researchers in similar baseline characteristics. After a brace
trial study by Weinstein et al. in 2013, the evidence of brace effectiveness was

increasing ©

. The success rate of brace group was much higher than
observational group in this trial investigation. Literature review and meta-

analysis study by Zhang and Li ' strengthened the evidence of bracing for AIS
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in preventing curve progression by including RCTs in the meta-analysis.

The clinical observation by investigator at clinic orthotic in King
Chulalongkorn Memorial Hospital revealed that the demands of scoliosis brace

about 3 to 5 scoliosis braces per month. Most of the patients were AIS. Brace
prescription mostly with full-time brace with Boston principle. There are several
factors that might contribute to the result of brace treatment .The factors might

include IBC, compliance, initial cobb angle, curve type, skeletal maturity, BMI ,

brace type, and other prognostic factor '°.

In-brace correction (IBC) is a percent of immediate curve correction after
brace were applied. Ideally, IBC should achieve around 50% of correction from
the initial curve ®. However, there were many different cut points of IBC in the
literature suggested for bracing to be successful ' 172 No conclusion of cut
points of IBC can be made at this point for successful treatment. However, all
studies suggested, higher IBC increased the likelihood of successful of bracing.

Good initial correction provided by brace is an important indicator for

successful brace treatment in the long term outcome 2% In current clinical

orthotics practice, there are no clear methods for orthotist to understand whether

the brace that have been fitted to patients provided maximum correction or not.
Consequently, under-correction or over-correction, which make uncomfortable

due to too much pressure which may lead to patient in less compliance for

wearing a brace.
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Spinal flexibility has been used widely in predicting the surgical

correction 2°. There are several methods in measuring spinal flexibility which

consist of traction, active or passive bending radiograph in supine, standing,

sitting, or prone position, and push radiograph in prone position. However, there
is no consensus on what technique is more superior than others 2. The active

bending radiograph is the most common method use for flexibility test prior to

t27

surgical treatment ~’, where it can be done either in supine or standing position

without giving any significant different result 2
Spinal flexibility is one of important factor to achieve better IBC. The
more flexible the spine, the more IBC will be increased ** % There are some

studies use different techniques of spinal flexibility as a predictive factor for

IBC. Traction with hanging method radiograph was used to estimate the initial
correction®’. However, the study was limited to only Osaka Medical Collage
(OMC) brace type. Current study, using supine bending radiograph for flexibility

could provide good estimation for IBC in specific providence brace with mean

difference 0.2° 3!,

The scoliosis curvature is commonly assessed with Cobb angle technique

32 which consider as the gold standard. It is originally measured with the manual
procedure with direct measurement onto the radiographic film. Currently, it has
been developed using computer-assisted measurement by integrated software

program ** 3* However, the readers still must place the landmark of vertebrae
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manually and the angle will be automatically calculated. Therefore, the

reliability analysis in Cobb angle measurement is suggested to minimize a

measurement bias.
The use of bending radiograph to predict IBC in full-time bracing is still
not cleared in orthotics practice. The evaluation on how bending brace used in

predicting IBC will be useful for practician to forecast the benefit of bracing in
AIS patients and evaluate whether the correction by the brace has provided

maximum result or not, so that it is not either under-correction or over-
correction. The goal of this study was to evaluate flexibility measured with
bending radiograph predicted in-brace correction (IBC) for full-time bracing at

King Chulalongkorn Memorial Hospital KCMH).
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Chapter 2. Literature Review

Cobb Angle Measurement Reliability in AIS
The Cobb angle method has been commonly used in measuring coronal
curve of scoliosis to determine the most appropriate treatment, evaluate the

curve progression, and evaluate the effectiveness of treatment in AIS 3% 3.

Although Cobb angle method was considered as an objective measurement, The
error during determining the upper and lower end plates between observers

could not be avoided. As a result, intra and inter-observer reliability of Cobb

angle measurement is required prior to the analysis of studies in which Cobb

angle is the primary variable of interest.

The measurement of Cobb angle can be done either manually by printed

1. 37 conducted

imaging or digitally with computer aid. Study by Gstottner et a
reliability analysis of these both methods. The study evaluated intra and inter-
observer reliability to 48 posterior-anterior full spine radiographs. It found inter-
observer ICC with digital and manual measurement were 093 and 097,
respectively. Intra-observer ICC with digital ad manual measurement were 0.97

and 097, respectively. This study shown that the digital Cobb angle

measurement did not improve the accuracy of measurement as both methods are

still based on the 2D picture regardless the quality of the imaging.

Study by Wu et al ** conducted the reliability analysis of Cobb angle

measurement between conventional and computer assisted with SurgimapSpine
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software. For the analysis, 68 whole spine postero-anterior radiographs were
used in the study. In measuring Cobb angle, there was no significant difference
in inter and intra-observer reliability between manual and SurgimapSpine
because both methods provide excellent reliability. Therefore, this study

suggested that the use SurgimapSpine software could be served as one of more
accurate method in measuring Cobb angle due to its features in digitalization,
allowing contrast adjustment, zoom in and out, ang color enhancement for better

visualization, thus increasing the accuracy in measurement.
Prestigiacomo et al. *!/in a recent study, examined the inter and intra-

observer reliability in Cobb angle measurement using a digital method in

different level of medical specialty and experience. It discovered that the intra
and inter-observer reliability were both excellent, with ICCs ranging from 0.86
to 0.98 for interobserver reliability and ICC of 0.95 for interobserver reliability.

In Cobb angle measurement, there was no significant difference between level

of experience and specialty.
Cut-off Points of IBC

IBC is essential to successful brace treatment in AIS. However, there is no

agreement on how much minimum IBC is required to achieve a successful result

of bracing at the skeletal maturity 2* Currently, many studies published that vary
on the minimum cut-off point for successful brace treatment.

Two significant findings were made in the study of Castro et al. 2013 7.



First, flexible spinal curvature responded better to correction by brace

application than rigid curvature. Second, brace application was recommended
for those who could achieve at least a 20% initial brace correction. However, this
study did not examine the compliance of participants while wearing a brace.

Compliance, along with IBC, is often considered to be the most important
factors in the analysis of brace outcome in AIS at skeletal maturity. The study of
" aimed to find the predictive outcome based on clinical observations in AIS
treated with Boston brace. It found that AIS patients with double curves who had
at least 25% of initial brace correction and wore the brace for at least 18
hours/day showed significant success with the brace. However, this study was
limited to the double curve group only. In another study by 2, it was found that

a group of AIS patients with an IBC of at least 40% and high compliance during

the weaning phase had better correction of up to 7 degrees than a group with

lower IBC and lower compliance.
There are some studies where the cut-off point was set prior to the analysis

of the brace outcome. The study by '’

set the cut-off point for a good IBC group
at 45%. This study found that patients who had good IBC and wore the brace >12
hours/day increased successful rate at the end of treatment. The other study by
Xu et al. 2 which set the optimal cut-off point for good IBC at 10% based on

receiving operating characteristics (ROC) curve, concluded that high risk of

brace failure was found in the group of patients who had a lower IBC of 10%
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with skeletally immature patients.

The Relationship between Spinal Curve Flexibility and IBC
Curve flexibility is a crucial aspect that determines clinical decisions in

AIS treatment. There are several methods to test the curve flexibility, including

traction, active or passive bending radiograph in supine, standing, sitting, or

prone position, and push radiograph in prone position. However, there was no
consensus to which method is better 2°.

Kuroki et al. *°

evaluated the flexibility by hanging method to estimate in-
brace correction IBC) by using Osaka Medical College (OMC) brace in
idiopathic scoliosis patients. Mean of flexibility measured with hanging

radiograph and IBC were 21.1% and 20.3%, respectively. They came to the

conclusion that the hanging total spine radiograph might be used as tool

estimate IBC in OMC brace. This hanging method produces longitudinal
direction force that is not the same as the corrective force in the brace.

He et al. *° conducted research to see which flexibility assessments may
reliably predict in-brace correction (IBC). Supine, prone, sitting with lateral
bending, and prone with lateral bending were all used in the study. To prevent x-
ray radiation exposure, they used an ultrasound to measure Cobb angle. They

concluded that of the four methods for predicting the IBC, the prone posture is

the most accurate. However, because the transducer did not fit into the brace

design in this investigation, the IBC was tested using an x-ray rather than



ultrasound, which these different methods may have resulted in measurement

bias.
Supine lateral bending radiograph (SLBR) is standard method in assessing
the curve flexibility before surgical treatment *°. Study by Nissen et al. 3!

retrospectively investigated the use of SLBR in predicting IBC in AIS who

underwent bracing with providence brace. They found that the mean difference
between IBC and SLBR were 0.2 degrees in thoracic curves, 0.9 degrees for
thoracolumbar/lumbar curves, and 04 degrees in double major curves. They
concluded that SLBR serve as a good predictor for IBC before bracing.
However, this study was limited to only providence brace type.

Study by Cheung et al. *! investigated the use of supine radiograph (SR) in
predicting IBC. The radiographic analysis of 105 patients underwent bracing.
They reported a significant association between SR and IBC (r=0.740), with an
established regression model of IBC of 0.809 x SR. The study concluded that SR
can be a good method to determine the IBC. This study strengthened by Cheung
et al. in 2020 *> where they following the patient until the skeletal maturity has
reached. The group of patients who has FR less than 28+ was increasing the
likelihood of curve progression. They concluded that SR was not only served as
a good predictor of IBC but also the likelihood of the curve progression.

The standing side bending radiograph is one of method to assess the curve

flexibility. This method is mostly applied in King Chulalongkorn Memorial
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Hospital KCMH) as a curve spinal flexibility. Until now, there was no study to
assess the use of standing bending radiograph in predicting IBC. The supine
lateral bending radiograph (SLBR) was found as a good predictor for IBC in
previous study !. Moreover, there was one study by Hirsch et al. 2 who
compared the spinal curve flexibility between supine and standing side bending.
They assessed 50 AIS who underwent preoperative assessment. The result

showed no significant difference of curve flexibility between supine and

standing side bending to all of type curves. Based on this result, the use of

standing side for assess flexibility served as a potential predictor for IBC.

The Association between BMI and IBC
A retrospective study by Goodbody et al '? evaluated brace effectiveness

based on BMI. They divided BMI of 182 patients into 3 groups; low (<20
percentile), mid 20" -85™ percentile) and high 85" percentile). After 2 years
follow-up, there were significant brace failure in the group of patients with high
and low BMI. Less in-brace correction and compliance were observed in high
BMI group patient. According to the findings of this study, lower in-brace
correction was associated to brace failure.

Study by O'Neill et al. ** evaluated the difference scoliosis brace effect in
patient with overweight and non-overweight. The study examined back at 276
patients with AIS who had been treated with a scoliosis brace. The curve

progression in overweight patient found to be higher than in non-overweight



patient. The percentange of patients with curve progression [145 in the
overweight and non-overweight groups were 45 and 28 percent, respectively. It
discovered that overweight patients had 3.1 times the risk of brace failure as non-
overweight patients.

In contrast, study by Zaina et al. 2017 * found no significant difference in
brace failure between overweight and normal weight. They reviewed 351 AIS
patients who were treated with full-time bracing. The study found that 3% in
overweight and 7% in normal weight got curve worsened. This result could

probably cause by high compliance reported subjectively in overweight patients

which might compensate the less in-brace correction in this group of patients.

similarly to literature review study by Van den Boggart 2! found limited

evidence of BMI with brace failure. Therefore, further study is needed to

confirmed this factor.



Chapter 3. Methodology

3.1 Research Question
3.1.1 Primary

Is flexibility measured with bending radiograph a predictive factor of in-

brace correction in AIS?

3.1.2 Secondary

1. How is the reliability of Cobb angle with digital measurement in
KCMH?
2. Is the Cobb angle in AIS be reduced after the brace were applied?
3. Is there any association between curve flexibility and IBC?
3.2 Research Objectives

3.2.1 Primary

To evaluate the use of bending radiograph for curve flexibility

measurement as a predictive factor for in-brace correction.

3.2.2 Secondary
1. To assess reliability of Cobb angle with digital measurement
2. To evaluate Cobb angle reduction before and after the brace were
applied
3. To evaluate the association between curve flexibility and IBC
3.3 Hypothesis
There is a strong association between flexibility rate by measured by bending

radiograph and IBC.



3.4

3.5

Research Design

Retrospective cohort study design.

Population and Sample
Population in this present study was patients with AIS who had been

receiving full-time brace at Orthotics clinic, King Chulalongkorn Memorial
Hospital KCMH). The observation was done by investigator which found that
the cases of scoliosis in King Chulalongkorn Memorial Hospital was around 3-5
cases per month.

The sample in present study is AIS patients who were treated with full
time scoliosis brace from KCMH from 1% January 2017 to 28 February 2022

who met inclusion criteria of the study. The minimum sample size according to
a priori power analysis (Error! Reference source not found.) for regression

analysis is 92 samples with medium effect size based on cohen convention and

5 predictors (BMI, curve magnitude, Riser sign, curve type, and flexibility).

[1] == Thursday, April 01, 2021 == 12:28:45
F tests - Linear multiple regression: Fixed model, R? deviation from zero
Analysis: A priori: Compute required sample size
Input: Effect size f2 = 0,15
I err prob = 0,05
pPower (1=-f err prob) - 0,8
Humber of predictors = 5
Qutput: Honcentrality parameter A = 13,8000000
Critical F = 2,3205293
Humerator df = 5
Denominator df = 86
Total sample size = 92
Actual power = 0,8041921

Figure 1. A sample size calculation using G*Power
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3.6 Inclusion Criteria
The following characteristics of subjects were obtained from their medical

records as inclusion criteria in this study:

=

Age in the range of 10 -18 years

2. Initial Cobb angle was equal or greater than 20°
3. The Risser sign was recorded at initial brace treatment

4. Complete radiographs data: Postero-anterior standing radiograph, side
bending radiograph in supine or standing position, and in-brace radiograph

5. Never had any previous treatment
3.7 Exclusion Criteria
The following characteristics of subjects were obtained from their medical
records as exclusion criteria in this study:
1. Other secondary diseases
2. Poor quality of radiographs
3.8 Instruments

1. Patient’s medical record including digital radiographs

2. The case record form (Appendix 1).

3.9 Study Procedures

1. The proposal of study was reviewed by IRB and KCMH.

2. After all approval were obtained, principal investigator will initiate data
collection by involving research assistant and clinical observers from the

orthotic clinic in KCMH



5.

6.

7.

11

Data were collected retrospectively from the medical record of KCMH
Medical record and radiographs of patients were screened according to the
criteria

All data will be recorded in the case record form

Data analysis with the statistician

Make a final report and findings

3.10 Data Collection

1.

The data collection began after the approval from IRB and issued permit
letter from KCMH
Research assistant in Orthotic and Prosthetic clinic, Deparment of

Rehabilitation collected the patient's hospital number of the AIS patients

who underwent brace treatment
Screened medical records according to inclusion criteria in the study

Baseline characteristic of patient (age, gender, height, weight, BMI, curve
type, and Risser sign) were recorded in case record form.

Two observers who has been experience in clinical setting and treat

scoliosis will independently measure Cobb angle of postero-anterior
standing before the initiation of brace treatment, side bending, and in-brace
radiographs 4.

One observer will repeat the Cobb angle measurement randomly without

knowing the result of the first measurement.

Age defined as chronological age during the brace has prescribed

Sex was a binary data consist of boys and girls.



10.

11.

12.

13.

12

The Risser sign was recorded according to the percent ossification of iliac
crest

Curve pattern variable classification is according to the location of the
apical curve 3%

a. T2-T11-Thoracic curve

b. T12-L1-Thoracolumbar curve
C. L2-L4-Lumbar curve

According to WHO-2013, body mass index (BMI) was calculated by

dividing the mass of body weight in kilograms by the square of height in

meters.
In-brace correction (IBC) is a percentage of immediate curve correction after

brace application calculated using the formula:

oo —=amod
e (%) = =S 1 100%

Note:
[1 ICA:initial Cobb angle
[1 IBCA: immediately after brace applied

Flexibility is defined as the percentage of Cobb angle correction from the

standing radiograph and side bending calculated using a following formula:

000 - 0000
00000000000 (%) = 1100%
0000

Note: BRCA: Cobb angle in bending radiograph
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1. 1 Ethical Consideration

The study was using a secondary data from medical records, there was

no direct interaction between researchers and participants. Data was accessed
in a private room at the clinic. Principle investigators ensuring that only
observers and investigators were in the room during the data collection.

Data recorded in the case record form (as attached). Data was collected

using the code instead of the sample's name and personal information
without including the date, month, and year of birth and initial letter of the

first name and the last name to respect the privacy of the samples. The

document be kept in a locked cabinet, accessible only to the researchers

involved in the study, for three years after the study is completed. There is no
conflict of interest in this study.

This research was reviewed and approved by Institutional Review
Board, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand,

with Certificate of Approval number 1060/2021.
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3.11 Frame Work

Predictive Factors Outcome Variable

Flexibility \

Adjusted Variables:
In-brace correction.
Demographic data (age, sex,

BMI)

Risser sign _/

Initial Cobb angle

Figure 2. Frame work
3.12 Data Analysis

1. Descriptive analysis, Mean = SD was used to describe continuous data (age,
initial Cobb angle, flexibility, in-brace)y and Number (proportions) for
categorical data (gender, riser sign, curve pattern)

2. Inter and Intra observer's reliability was assessed by interclass correlation
(ICC) as the data 1s continuous;

[] Radiographs was measured by two independent observers (k=2) who
were experienced in clinical practice for measuring cobb angle. Two-

way mixed effect model with type of absolute agreement to calculate

ICC estimates and 95% confident intervals

[J A single observer repeated the measurement one month after initial

measurement without seeing the 1% result. Two-way mixed effect
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model with type of absolute agreement to calculate ICC estimates and

95+ confident intervals.

A regression model was developed using a purposeful selection of
covariates strategy;

[J Bivariate associations and include all whose p-value <0.20. Pearson

correlation to see the correlation between continuous variables and
IBC and Simple linear regression to see the association between
categorical data and IBC

[J Run the model from the previous step to build the multivariable

model 1-exclude all variables not statistically significant (p>0.05)

[J Re-introduce each excluded variable in previous model and assess the
statistically significant and confounders (beta coefficient changes by
15%)

[J Re-introduce the excluded variable from bivariate analysis at first step
which p value > 0.20

[ Evaluate the final model and the model fit through the percent of R?

and adjusted R%

3.13 Expected Benefit

1.

The study's findings can be used to improve the standard of care for AIS

brace treatment by assessing flexibility with a bending radiograph.

The expected benefit of flexibility assessment by bending radiograph can

be used to estimate the IBC to assist in fabrication of the brace.
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3. The result of the study can also be used to evaluate the brace during the

initial fitting. This can be done by evaluating the percentage IBC so that the

brace can be adjusted by adding a corrective pad to increase the correction

if there is still potential for correction by the brace based on flexibility.
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Chapter 4. Results

4.1 Patients Recruitment
In present study, there were 125 patients who underwent brace treatment

from January 2017 - December 2021. Of these 125 patients, A total of 43
patients were excluded for our study because of congenital scoliosis (3 patients),
juvenile idiopathic scoliosis (5 patients), Risser sign more than 2 during initial
brace treatment (13 patients), have another secondary diseases 4 patients),
incomplete radiograph imaging (18 patients). Finally, we included 82 patients for
our data analysis. The flow chart is of this recruitment is described in the Error!

Reference source not found..

125 patients record had

screened for eligibility / \

43 patients excluded:

- Other type scoliosis (congenital) (3)

- Onset - Juvenile Idiopathic scoliosis (5)
- Rissersign>2 (13)

- Have a secondary disease (4)

- Incomplete radiographs imaging (18)

- /

82 patients record have
been included for the
analysis

Figure 3.Flow chart of included patients

4.2 Reliability of Cobb Angle Measurement

A total of 50 postero-anterior of spine pre-brace, side bending, and in-brace
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radiographs of patient with AIS were randomly selected to determine the
reliability of the Cobb angle measurement as described in Error! Reference

source not found.. The inter-observer ICC for the pre-brace Cobb angle was
0.995 95% CI=0991 to 0997), the side bending Cobb angle was 0.997 (95%
CI=0.995 to 0.998), and the IBC Cobb angle was 0.995 (95% CI1=0.990 to 0.997). In
addition, intra-observer ICC for pre-brace Cobb angle, side bending and IBC
Cobb angle were found to be excellent being 0.975 95% CI=0.957 to 0.986),
0.991 95% CI=0.985 to 0.995), and 0.987 (95% CI = 0.978 to 0.993), respectively.

Therefore, the average measurement of Cobb angle was reliable and could be

used for further regression analysis to predict IBC in this study.

Table 1. Reliability of Cobb Angle measurement

Radiograph ICC 95% CI p r
Inter-rater Pre brace 0.995 0.991-0997  <0.001 099
Side bending 0997 0.995-0998  <0.001 099
IBC 0.995 0.990-0997  <0.001 099
Intra-rater Pre brace 0.975 0.957-0986  <0.001 097
Side bending 0991 0.985-0995 <0.001 099
IBC 0.987 0978-0993 <0001 098

4.3 Study Characteristics
The baseline characteristics of the samples in this study are presented in

Error! Reference source not found.. A total of 82 samples, including 6 (7.30%)

boys and 76 (92.70%) girls with AIS, were included in the study. The mean of age
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was 1298 £ 120 years. The mean of weight was 46.55 + 7.77 kg, and height was
157 = 7.68 cm. The mean BMI of patients at the initial brace treatment was 18.82
+ 8.82 kgm? Twelve (14.63%) had Risser sign 0, 30 (36.59%) had Risser sign 1,
and 40 48.78+%) had Risser sign 2. Of the 82 samples, 37 42.12%) had thoracic, 25

(30.49%) thoracolumbar, and 20 (24.39%) had lumbar curves.
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Table 2. Baseline characteristics of sample in the study

Variable Sample n-82)
Age (years) 1298 £ 120
Sex (%)

Male 7(71.30)
Female 7592.70)
Weight kg) 4655+ 777
Height ccm) 157 +7.68
BMI kg/m?) 18.82 + 8.82

Risser sign (%)

0 12 (14.63)
1 30 36.59
2 40 48.78)

Curve type (%)

Thoracic 37 @45.12)
Thoracolumbar 25 3049
Lumbar 20 24.39)

Data are presented as mean + SD or numbers (%).

4.4 Cobb Angle, Flexibility and In-brace based Across Curve Type

Error! Reference source not found. shows the distribution of the mean

Cobb angle before starting to wear braces, side-bending, and in-brace
radiographs. The overall mean of Cobb angle before brace treatment was 32.9 +
8.7. There was no significant difference in the Cobb angle at baseline between
the thoracic, thoracolumbar, and lumbar curves.

The overall mean Cobb angle in side-bending during brace treatment was
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179 + 12.7. This study shows a significant difference in the mean Cobb angle
between thoracic, thoracolumbar, and lumbar (P = 0.043). Post hoc analysis using
Tukey’s method in Error! Reference source not found. shows no significant
difference in mean of Cobb angle between thoracic with thoracolumbar, thoracic

with lumbar, and thoracolumbar with lumbar.

Table 3.Cobb angle, flexibility, and in-brace correction rate based on curve type

Pre-Brace Side Bending In-Brace Flexibility In-brace
© © © (%) Correction (%)
All curve (82) 329+87 179+ 127 225+118 4904298 344 +234
Thoracic 37) 3324+96 217 €121 238+ 117 371+245 310+ 196

Thoracolumbar 25  33.1+6.6 148+ 110 224+102 576+280 3424220
Lumbar 20) 320+94 145+ 145 204+140 600+340 410+303
P 0.086 +0.043 0.594 «0.003 0.309

Data are presented as mean + SD

One-way ANOVA
«P<0.05

Patients underwent another spine PA radiograph with using brace in range

of 2-4 weeks after the brace was fitted by a clinical orthotist and got approval
for delivery from a physician. The overall mean of Cobb angle with bracing was
225 £ 11.8. There was no significant difference between the different types of
curvatures.

The overall mean flexibility rate was 49.0 + 298, and there was a

significant mean difference in flexibility rate between thoracic, thoracolumbar,

and lumbar (P=0.003). Post hoc analysis using Tukey’s method in Error!
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Reference source not found. showed a statistical mean difference between

thoracic with thoracolumbar (P=0.017) and thoracic with lumbar (P=0.012). The
overall mean of IBC was 344 + 234, and the mean difference between
flexibility and IBC was 14.6. There was no significant mean of IBC difference

between thoracic, thoracolumbar, and lumbar.

Table 4. Tukey’s method analysis

Mean
Variable Group difference P
Side-Bending Thoracic Thoracolumbar 691 0.087
Lumbar 722 0.098
Thoracolumbar Lumbar 031 0.996
Flexibility Thoracic Thoracolumbar 20.51 «0.017
Lumbar 2292 *0.012
Thoracolumbar Lumbar 240 0.956

4.5 Univariate analysis between IBC with Associated Factors
Error! Reference source not found. describes the relationship between
IBC and all continuous independent variables that could contribute to the results

of IBC. Pearson’s correlation analysis revealed no significant relationships
between IBC and age, height, sex, and Risser sign. A strong positive linear
relationship was observed between IBC and flexibility «=0.732, P<0.001). The

fitted line of percent IBC in relation to flexibility is shown in Error! Reference

source not found.. Small negative linear relationships were observed between

IBC and initial Cobb angle r=-0.489, P=<0.001) and weight =-0.322 P-0.003). A
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small negative relationship was observed between IBC and BMI = -0272,

P-0.013). No significant relationship with IBC was observed for age =0.056,

P-0.612), height =-0.171, P=0.123), and Risser sign (=0.029, P=0.793). However,

high correlation was observed between weight and BMI r =0.820) and between

age and Risser sign (=0.720).

Table 5. Correlation analysis between IBC with associated factors

Variables Correlation coefficient (r)
Age -0.056
Height 0.171
Weight -0.322
BMI 0272
Risser -0.029
Initial Cobb angle -0.489
Flexibility 0.732

P

0612
0.123
+0.003
*0.013
0.793
*<0.001
*<0.001

« Statistically significant p<0.05
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Figure 4.The association between IBC and flexibility with the fitted line in simple linear
regression

Univariate linear regression was used to determine the relationship
between the percent of IBC and all associated factors described in Error!

Reference source not found.. A significant positive linear association with IBC

was found for flexibility (3=0.57 95% CI: 0.45 to 0.69, P<0.001).
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Table 6.Univariate analysis of IBC and associated factors
Variable B 95% CI) t P
Flexibility 0.57 (0.45 to 0.69) 9.61 <0.001+
Age -1.10(-544 to 322) 051 0612
Sex

Boy Ref.

Girl -3.61 (-23.50to0 16.27) -0.36 0.718
Height 052 1.19 to0 0.14) -1.56 0.123
Weight 097 -1.60 to -0.33) -3.05 0.003+
BMI 2.554.55t0 -0.55) -2.54 0.013+
Risser sign

0 Ref.

1 6.78 (:9.16 to 22.74) 0.85 0.400

2 -0.52 -15.90 to 14.84) -0.07 0.946
Initial Cobb angle -131 ¢1.84 t0 -0.79) -5.02 <0.001+
Curve Types

Lumbar Ref

Thoracic -10.01 (-:22.93 -2.90) -1.54 0.127

Thoracolumbar -6.80 (-20.77 -7.15) 097 0.335

+Statistically significant p<0.05

Significant negative linear association with IBC was found in weight (3=0.97,

95% CI=1.60 to -0.33, P=0.003), BMI (3-18.82, 95% CI =18.27 to 19.37, P<0.001),

and initial Cobb angle B=-1.31 95%CI=1.84 to -0.79, P<0.001).

Univariate linear regression in this study also revealed no significant

association between IBC and age, height, and Risser sign with P-values of 0.854,
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0.123, and 0.794, respectively. Using the lumbar curve as a reference, no
significant associations were found between IBC and thoracic (P=0.127) and
thoracolumbar (P=0.335) curves. No significant difference in IBC was also found

between boys and girls (P =0.718).

Creating the Multivariable Model to Predict IBC
To construct the multivariable model to predict percent of IBC, a

purposeful selection covariates strategy was used. First of all, all variables with
P<0.25 were included in the 1% model, as shown in Error! Reference source

not found..

Table 7. Multivariable analysis for predicting IBC-Model 1

Variable B 95% CI) t P
Flexibility 0.51 0.39 to 0.63) 825 +<0.001
Height -1.59 593 to 2.74) -0.73 0467
Weight 272 (-4.84 to 10.28) 0.72 0476
BMI -8.65 (-27.30 t0 9.99) -0.92 0.358
Initial Cobb angle 047 :0.93 to -0.008) -2.03 0.046
Constant 311.35(-:372.65-995.38) 091 *<0.001

P-<0.001, Adjusted R>-0.591, RMSE-14 98

« Statistically significant p<0.05

The initial multivariable linear regression model described the overall
statistical significance of the model including all independent variables

(P<0.001). The adjusted R? of the model was 0.591, indicating that 59.1% of the

variance in IBC was explained by height, weight, BMI, initial Cobb angle, and
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flexibility. However, there were no significant associations between IBC and
height, weight, and BMI. IBC has a significant association with initial Cobb
angle and flexibility with a P-value of 0.046 and <0.001, respectively.

Secondly, the model was developed by excluding all variables with no

statistically significant P>0.05. The multivariable model 2 is shown in Error!
Reference source not found.. The model was statistically significant in
predicting IBC by initial Cobb angle and flexibility (P < 0.001). The adjusted R?
of the model was 0.560, which means that 56% of the variance of IBC was
explained by initial Cobb angle and flexibility. The model also shows that the

relationship between IBC with initial Cobb angle and flexibility remains

significant, with P-values 0f <0.001 and 0.012, respectively.
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Table 8. Multivariable analysis for IBC- model 2

Variable B 95% CI) t P
Flexibility 0.50 (0.39 to 0.63) 7.83 <0.001
Initial Cobb angle -0.56 (-1.00 to -0.12) 257 0012
Constant 2847 (10.09 -46.86) 3.08 0.003

P<0.001, Adjusted R?-0.560, RMSE-15.533

« Statistically significant p<0.05

Thirdly, reintroduce each excluded variable one at a time from the

previous step into the model. The purpose of this step was to determine whether

any of the variables became statistically significant or were a confounding

factor. For model 2 described in Error! Reference source not found., the
height factor was reintroduced into the model. It was found that the height was
not statistically significant (P-0.869) and did not have any confounding effect on
the other variables included. Therefore, the height was not included into the final

model.
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Table 9. Multivariable analysis for IBC- model 3

Variable B 95%C)) t P
Flexibility 0.50 (0.37 to 0.63) 7.83 <0.001
Initial Cobb angle -0.56 -1.00to -0.11) 257 0.015
Height -0.03 -0.50 to 0.42) -0.17 0.869
Constant 3434 (:38.80-10749) 0.93 0.353

P<0.001, Adjusted R?-0.555, RMSE-15.63

* Statistically significant p<0.05

Error! Reference source not found. shows the multivariable model 3 by

adding BMI back into the model. It shows that B-coefficient of the initial cobb
angle was changed by 33% from -0.56 to -0.42. BMI had a significant negative
association with the percentage of IBC (P-0.005). The adjusted R? of the model
was 0.598, which means that 59.8% of the variance in IBC was explained by

flexibility, initial Cobb angle and BMI. Therefore, BMI was included in the final

model.
Table 10.Multivariable analysis for IBC-model 4
Variable B 95% CI) t P
Flexibility 0.51 (039 to 0.63) 7.83 <0.001
Initial Cobb angle -0.42 -0.85 to 0.0009) -1.99 0.051
BMI -196 (-3.31 to -0.62) 291 0.005
Constant 6042 (32.35-88.50) 0.93 <0.001

P<0.001, Adjusted R>-0.598, RMSE-14.849
« Statistically significant p<0.05

The final step in purposeful selection of covariates was to reintroduce
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the variables that were excluded in the univariate step. Sex and curve types were
excluded because of the univariate P-value > 0.25. Error! Reference source not
found. shows the model 4 with sex included in the model. There was no
significant association between sex in predicting percentage of IBC (P-0.446).

Therefore, sex remained excluded from the final model.

Table 11. Multivariable analysis for IBC- model 5

Variable B 95%CD t P
Flexibility 0.51 (0.39 to 0.63) 7.83 <0.001
Initial Cobb angle -042 0.85 t0 0.21) -1.98 0.051
BMI -2.01 -:3.36 to -0.65) 295 0.004
Sex (female) -4.85 1747 to 7.77) -0.77 0446
Constant 65.80 34.36t0 97.25) 414 <0.001

P<0.001, Adjusted R?>-0.596, RMSE-14.888

+ Statistically significant p<0.05

The reintroduction of curve types into the model was described in

Error! Reference source not found. as a multivariable model 5. No significant
association was found between curve types and IBC. Lumbar curve, which was

set as the reference, no significant relationships were observed between IBC

with thoracic (P=0.494) and thoracolumbar (P=408). Therefore, curve types were

not included in the final model.

Table 12 Multivariable analysis for IBC- model 6

Variable B 95% CD t P

Flexibility 0.54 041 to 0.68) 827 *<0.001
Initial Cobb angle -0.38-0.81 to 0.44) -1.78 0.078



BMI -1.83(-:3.18 to -0.48)
Curve Types

Lumbar Ref
Thoracic 298(5.66-11.63)
Thoracolumbar -3.71¢12.60-5.17)
Constant 54.60(24.99-84.22)

P<0.001, Adjusted R*>-0.6022, RMSE-14.784

270

0.69

-0.89

3.67

31

«0.009

0.494
0408
<0.001

* Statistically significant p<0.05

The final model for predicting IBC was described in Error! Reference

source not found.. Due to the presence of heteroscedasticity in the final model,

a robust standard errors regression was used. The final regression model was:

IBC=6042 + 0.51flexibility) - 042 cnitial cobb angle) -1.96 (BMI). The adjusted

R?was 0.598, which means that 59.8% of the variance of IBC was explained by

flexibility, initial Cobb angle, and BMI. Holding the other variables constant,

one percent increase in flexibility would increase the percentage of IBC by 0.51

percent.
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Table 13.Final multivariable analysis for IBC with robust standard errors

Variable B 95% CD B t P
Flexibility 0.51 (039 to 0.63) 0.65 6.55 *<0.001
Initial Cobb angle -042 -:0.85t0 0.0009)  -0.16 -2.36 0.021
BMI -1.96 (-3.31 t0 -0.62) -0.20 -3.02 0.003
Constant 6042 (3235 - 88.50) 3.79 *<0.001

P<0.001, Adjusted R?-0.5987, RMSE-14.849

+ Statistically significant p<0.05
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Chapter 5. Discussion

The effectiveness of using brace as a main conservative treatment for AIS

was described in previous clinical trial study ° Proposed evaluation of
effectiveness in bracing for AIS was described by SRS committee '. It should

include the evaluation of curve progression 5° at skeletal maturity, number of

patients progressed over 45°, two-years follow-up post skeletal maturity, and
compliance measures during brace treatment. Current literature review by

Karavidas !° revealed the evidence of several factors that might contribute to the

effectiveness of bracing in AIS such as types of prescribed brace, in-brace
correction (IBC), compliance, BMI, curve magnitude, and the specific exercise
for scoliosis. In addition, it found that in-brace correction as one of the most
important factors for bracing in AIS to be successful besides compliance.

The accuracy of Cobb angle measurement for analysis IBC in this study is

crucial. The digital measurement of Cobb angle has been becoming routine
practice in KCMH. Therefore, the reliability measurement should be done
before the main analysis was taken place. The Cobb angle variability mostly
caused by determination of lower or upper endplates of vertebrae *’. Previous

literature showed the inter and intra observer calculation error was in the range

of 4° to 8 333637 Inter and intra observer reliability of Cobb angle before brace
treatment, in side bending position, and in-brace radiograph. in this study were

excellent to all types of radiographs. This result showed similar ICCs to study
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by Gstoettner et al. 37 with mean inter ICC of 0.93 and mean intra ICC of 0.96.

Therefore, the Cobb angle measurements in our study were reliable for any

further analysis.

In-brace correction (IBC) is the percent of correction in coronal scoliosis
curvature by using a scoliosis brace. The cut-off points of IBC suggested to be
ideally of 50% for successful brace treatment '®. The mean of IBC in this study
was 344 for all major curves; 31.4% for thoracic curve, 34% for lumbar curve,
and 41% for thoracolumbar curve. No statistically significant difference IBC
among curve types. The study by Katz, 2001 ' described that a minimum of 25%
of IBC showed high success rate with minimum of 18h/day of bracing. The
study by Goodbody et al. !° described a minimum of 45% of IBC increased the

1 2 found the cut-

success rate at the end of treatment. Another study by Xu, et a
off point for IBC was 10+ for successful brace outcome. Although there were no

clear described the cut-off point for IBC for successful brace treatment, it was

generally stated that the greater the IBC, the higher success rate of scoliosis

brace treatment 2!. This present study was the first evaluation of IBC at KCMH.
Previous studies with Boston principle, IBC lied in the range of 35% - 500 !1- 6.

However, the IBC could be improved by a clinician orthotist by adding a
correction pad if the curve still flexible and patient could tolerate with the

pressure. Therefore, this study could be used as the initial evaluation to improve

bracing treatment in AIS in KCMH.
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The primary finding in this present study was the flexibility measured by
side bending had strong positive relationship to IBC. The mean Cobb angle
difference between side bending and in-brace was 4.6°. Similarly, Cheung et al. *!
showed mean difference of 3.6° between supine radiograph flexibility and IBC.
Study by Nissen et al. 3! showed mean difference less than one degrees between

supine lateral bending radiograph and IBC in night-time Providence brace (PB).

The results in this study described that the flexibility measured by side bending

radiograph also be used to full-time bracing with Boston type as a routine
practice in KCMH.

The multivariable regression model in this study shown that flexibility,
initial Cobb angle, and BMI were statistically significant with the percent of

IBC. Previous literatures found significant association between high initial Cobb
angle with the risk of curve progression ' *7-*® In contrast, other studies found

no significant association between initial Cobb angle with effectiveness of brace

in AIS 2> % Our study found that initial Cobb angle have negative correlation to
IBC. One degree increases in Cobb angle, it decreases in-brace correction rate as
much as 042%. Although the role of initial Cobb angle in brace effectiveness

still in debate, our study found that higher initial Cobb angle was associated to

lower IBC. As this IBC is one of the most important factor for success in brace
treatment in AIS '°.

BMI was calculated from mass of body weight in kilogram divided by
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square of height in meter. The mean of BMI in present study was normal being
18.8. Our model found that significant association of BMI with IBC. One-point
increases in BMI, it decreases the percent of IBC as much as 1.96%. This finding
similar to study by O-Neill et al. ** that stated overweight patient have higher
risk of brace failure as much as 3.1 times than non-overweight. Patient with

obese had associated with large initial Cobb angle due late scoliotic curve

detection *°. Study by Goodbody ! found that the association between high BMI
and less IBC. In addition, the less IBC could be caused by correction pad in

bracing giving an effective correction force to the apical curve as surrounded by

soft tissues.

The flexibility by side bending often considered as subjective measures
due to it needs patient effort to actively bend the spine during radiograph

procedures. However, this present study provides scientific description about its
relationship with IBC. The multivariable regression model in this study showed

significant association of flexibility rate measured by side bending radiograph
and IBC. As one percent increases in flexibility, IBC increases by 0.51. Study by

141

Cheung et al ** showed superior result of regression model in predict IBC with

Cobb angle in supine radiograph about 81%. Kuroki et al. ** found that hanging

radiograph Cobb angle could be used to predict IBC as mean Cobb angle

difference was less than one degree. Similarly, a study by Nissen et al *' found

that flexibility measured by supine bending radiograph could serve as a tool to

estimate IBC in nighttime brace. Regardless the method of radiographs for
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flexibility assessment, it provides that a significant association with IBC
implying that it can be used to estimate how much possible correction could be

achieved.

The result of IBC could be affected by several factors such as the brace
tightness, adequate correction pad, and patient tolerance to pressure where these

factors were not assessed in the present study. At the moment, there is no clear

guidance for clinical orthotist for pad adjustment in the brace if the curve

correction is still inadequate based on in-brace radiograph. The utilization of side

bending radiograph for brace treatment could be used as a guideline of
prognostic curve correction while also consider the patient tolerance with the

pressure.

There are some limitations in this present study. The nature of
retrospective could not be avoided in inherent bias. The in-brace radiograph
included in this study based on the first radiograph after brace was delivered.

The brace might have some adjustments in terms of pad correction or placement
by clinical orthotist and all patient did not have another Xray afterward until

next follow-up in 6 months. It should be taken into account that this result only

can apply to full time Boston brace principle as a main brace treatment in

KCMH
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Chapter 6. Conclusion

This is the first study to evaluate brace treatment in KCMH and evaluate

the role of side bending radiograph as a flexibility measurement to predict IBC.

From the present study, we can conclude that reliability of Cobb angle with

digital measurement in KCMH were excellent. The mean of in-brace correction
from the cohort AIS patient was 34.4%. There was significant strong positive
association between flexibility measured by bending radiograph and IBC. Our

multivariable regression model found that flexibility, initial Cobb angle, and

BMI are associated with the percent of IBC.

The utilization of side bending radiograph as flexibility measurement in
routine practice could help physician and clinical orthotist to estimate the

percent of IBC that might be achieved. Therefore, it could help an orthotist to
decide how much correction could be applied during brace fabrication. Our
study can also be used to evaluate the correction after in-brace radiograph is
taken placed. If the correction in in-brace radiograph still not adequate, it can be

a guideline for an orthotist to adjust correction pad while concerning on patient

ability to tolerate with the pressure.

Further recommendation of study would be a prospective study include

controlling brace tightness by orthotist during in-brace radiograph procedure,

evaluate the curve progression by following the patients until their reaching the

skeletal maturity, and follow-up 2 years after brace weaning, and compliance
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assessment. A prospective study including an x-ray after adjustment was

warranted to confirm the effect of flexibility.



REFERENCES

1. Richards BS, Bernstein RM, D'Amato CR, Thompson GH. Standardization of
criteria for adolescent idiopathic scoliosis brace studies: SRS Committee on Bracing and
Nonoperative Management. Spine. 2005;30:2068-75; discussion 76-7.

2. Negrini S, Donzelli S, Aulisa AG, Czaprowski D, Schreiber S, de Mauroy JC, et
al. 2016 SOSORT qguidelines: orthopaedic and rehabilitation treatment of idiopathic
scoliosis during growth. Scoliosis Spinal Disord. 2018;13:3.

3. Fletcher ND, Bruce RW. Early onset scoliosis: current concepts and
controversies. Curr Rev Musculoskelet Med. 2012;5:102-10.

4. Karol LA. The Natural History of Early-onset Scoliosis. J Pediatr Orthop.
2019;39:S38-543.

5. Konieczny MR, Senyurt H, Krauspe R. Epidemiology of adolescent idiopathic
scoliosis. J Child Orthop. 2013;7:3-9.

6. Weinstein SL, Dolan LA, Wright JG, Dobbs MB. Effects of bracing in
adolescents with idiopathic scoliosis. N Engl J Med. 2013;369:1512-21.

7. Komang Agung |, Dwi Purnomo SB, Susilowati A. Prevalence Rate of
Adolescent Idiopathic Scoliosis: Results of School-based Screening in Surabaya,
Indonesia. Malaysian Orthopaedic Journal. 2017;11:17-22.

8. Kunakornsawat S, Popan N, Piyaskulkaew C, Pruttikul P, Pluemvitayaporn T,
Kittithamvongs P. Prevalence of Idiopathic Scoliosis in Thai Female Students Aged 11-
13 Years. . J Med Assoc Thai 2017;100:533.

9. Reamy BV, Slakey JB. Adolescent idiopathic scoliosis: review and current
concepts. Am Fam Physician. 2001;64:111-6.

10. Haasbeek JF. Adolescent idiopathic scoliosis. Postgrad Med. 1997;101:207-9,
15-6.

11. Katz DE, Durrani AA. Factors that influence outcome in bracing large curves in
patients with adolescent idiopathic scoliosis. Spine. 2001;26:2354-61.

12.  Coillard C, Leroux MA, Zabjek KF, Rivard CH. SpineCor--a non-rigid brace for
the treatment of idiopathic scoliosis: post-treatment results. Eur Spine J. 2003;12:141-8.
13. Negrini S, Minozzi S, Bettany-Saltikov J, Zaina F, Chockalingam N, Grivas TB,
et al. Braces for idiopathic scoliosis in adolescents. Cochrane Database Syst Rev.
2010:Cd006850.

14.  Zhang, Li X. Treatment of bracing for adolescent idiopathic scoliosis patients:
a meta-analysis. Eur Spine J. 2019;28:2012-9.

15.  Karavidas N. Bracing In The Treatment Of Adolescent Idiopathic Scoliosis:
Evidence To Date. Adolesc Health Med Ther. 2019;10:153-72.

16. Knott P, Techy F, Cotter T, Jansen L, Kove P, Loving J, et al. Retrospective
analysis of immediate in-brace correction of scoliosis attainable in patients with AIS: a
SOSORT initiative. Scoliosis. 2013;8:049-0.

17. Castro FP, Jr. Adolescent idiopathic scoliosis, bracing, and the Hueter-Volkmann
principle. Spine J. 2003;3:180-5.

18. de Mauroy JC, Lecante C, Barral F, Pourret S. Prospective study and new
concepts based on scoliosis detorsion of the first 225 early in-brace radiological results
with the new Lyon brace: ARTbrace. Scoliosis. 2014;9:19.

19.  Goodbody CM, Asztalos IB, Sankar WN, Flynn JM. It's not just the big kids:
both high and low BMI impact bracing success for adolescent idiopathic scoliosis. J

40



41

Child Orthop. 2016;10:395-404.

20. Landauer F, Wimmer C, Behensky H. Estimating the final outcome of brace
treatment for idiopathic thoracic scoliosis at 6-month follow-up. Pediatr Rehabil.
2003;6:201-7.

21.  van den Bogaart M, van Royen BJ, Haanstra TM, de Kleuver M, Faraj SSA.
Predictive factors for brace treatment outcome in adolescent idiopathic scoliosis: a best-
evidence synthesis. Eur Spine J. 2019;28:511-25.

22.  Weiss HR, Rigo M. Expert-driven Chéneau applications: Description and in-
brace corrections. Physiother Theory Pract. 2011;27:61-7.

23. Xu L, Qin X, Qiu Y, Zhu Z. Initial Correction Rate Can be Predictive of the
Outcome of Brace Treatment in Patients With Adolescent Idiopathic Scoliosis. Clin
Spine Surg. 2017;30:E475-€9.

24, Upadhyay SS, Nelson IW, Ho EK, Hsu LC, Leong JC. New prognostic factors to
predict the final outcome of brace treatment in adolescent idiopathic scoliosis. Spine.
1995;20:537-45.

25.  Gotfryd AO, Franzin FJ, Poletto PR, de Laura AS, da Silva LC. Bending
radiographs as a predictive factor in surgical correction of adolescent idiopathic
scoliosis. Rev Bras Ortop. 2011;46:572-6.

26.  de Kleuver M, Lewis SJ, Germscheid NM, Kamper SJ, Alanay A, Berven SH, et
al. Optimal surgical care for adolescent idiopathic scoliosis: an international consensus.
Eur Spine J. 2014;23:2603-18.

27. Cheh G, Lenke LG, Lehman RA, Jr., Kim YJ, Nunley R, Bridwell KH. The
reliability of preoperative supine radiographs to predict the amount of curve flexibility
in adolescent idiopathic scoliosis. Spine. 2007;32:2668-72.

28. Hirsch C, Ilharreborde B, Mazda K. Flexibility analysis in adolescent idiopathic
scoliosis on side-bending images using the EOS imaging system. Orthop Traumatol
Surg Res. 2016;102:495-500.

29.  ClinJ, Aubin C, Sangole A, Labelle H, Parent S. Correlation between immediate
in-brace correction and biomechanical effectiveness of brace treatment in adolescent
idiopathic scoliosis. Spine. 2010;35:1706-13.

30. Kuroki H, Inomata N, Hamanaka H, Chosa E, Tajima N. Significance of hanging
total spine x-ray to estimate the indicative correction angle by brace wearing in
idiopathic scoliosis patients. Scoliosis. 2012;7:8.

31.  Ohrt-Nissen S, Hallager DW, Gehrchen M, Dahl B. Supine Lateral Bending
Radiographs Predict the Initial In-brace Correction of the Providence Brace in Patients
With Adolescent Idiopathic Scoliosis. Spine. 2016;41:798-802.

32.  Cobb J. Outline for the study of scoliosis. Instr Course Lect AAOS. 1948;5:261-
75.

33. Wu W, Liang J, Du Y, Tan X, Xiang X, Wang W, et al. Reliability and
reproducibility analysis of the Cobb angle and assessing sagittal plane by computer-
assisted and manual measurement tools. BMC Musculoskelet Disord. 2014;15:33-.

34.  Srinivasalu S, Modi HN, Smehta S, Suh SW, Chen T, Murun T. Cobb angle
measurement of scoliosis using computer measurement of digitally acquired
radiographs-intraobserver and interobserver variability. Asian Spine J. 2008;2:90-3.

35. Roach JW. Adolescent idiopathic scoliosis. Orthop Clin North Am. 1999;30:353-
65, Vii-viii.

36. Carman DL, Browne RH, Birch JG. Measurement of scoliosis and kyphosis



42

radiographs. Intraobserver and interobserver variation. J Bone Joint Surg Am.
1990;72:328-33.

37. Gstoettner M, Sekyra K, Walochnik N, Winter P, Wachter R, Bach CM. Inter-
and intraobserver reliability assessment of the Cobb angle: manual versus digital
measurement tools. Eur Spine J. 2007;16:1587-92.

38.  Prestigiacomo FG, Hulsbosch MHHM, Bruls VEJ, Nieuwenhuis JJ. Intra- and
inter-observer reliability of Cobb angle measurements in patients with adolescent
idiopathic scoliosis. Spine Deformity. 2022;10:79-86.

39. He C, To MK, Cheung JP, Cheung KM, Chan CK, Jiang WW, et al. An effective
assessment method of spinal flexibility to predict the initial in-orthosis correction on the
patients with adolescent idiopathic scoliosis (AlS). PLoS One. 2017;12:e0190141.

40. Lenke LG, Betz RR, Harms J, Bridwell KH, Clements DH, Lowe TG, et al.
Adolescent idiopathic scoliosis: a new classification to determine extent of spinal
arthrodesis. J Bone Joint Surg Am. 2001;83:1169-81.

41.  Cheung JPY, Yiu KKL, Vidyadhara S, Chan PPY, Cheung PWH, Mak KC.
Predictability of Supine Radiographs for Determining In-Brace Correction for
Adolescent Idiopathic Scoliosis. Spine. 2018;43:971-6.

42.  Cheung JPY, Cheung PWH. Supine flexibility predicts curve progression for
patients with adolescent idiopathic scoliosis undergoing underarm bracing. Bone Joint J.
2020;102-b:254-60.

43.  O'Neill PJ, Karol LA, Shindle MK, Elerson EE, Brintzenhofeszoc KM, Katz DE,
et al. Decreased Orthotic Effectiveness in Overweight Patients with Adolescent
Idiopathic Scoliosis. The Journal of Bone & Joint Surgery. 2005;87:1069-74.

44.  Zaina F, Donzelli S, Negrini S. Overweight is not predictive of bracing failure in
adolescent idiopathic scoliosis: results from a retrospective cohort study. Eur Spine J.
2017;26:1670-5.

45.  Cerny P, Marik I, Pallova I. The radiographic method for evaluation of axial
vertebral rotation — presentation of the new method. Scoliosis. 2014;9:1-9.

46.  Yrjonen T, Ylikoski M, Schlenzka D, Poussa M. Results of brace treatment of
adolescent idiopathic scoliosis in boys compared with girls: a retrospective study of 102
patients treated with the Boston brace. Eur Spine J. 2007;16:393-7.

47.  Ovadia D, Eylon S, Mashiah A, Wientroub S, Lebel ED. Factors associated with
the success of the Rigo System Chéneau brace in treating mild to moderate adolescent
idiopathic scoliosis. Journal of children's orthopaedics. 2012;6:327-31.

48. Karol LA, Virostek D, Felton K, Jo C, Butler L. The Effect of the Risser Stage
on Bracing Outcome in Adolescent Idiopathic Scoliosis. J Bone Joint Surg Am.
2016;98:1253-9.

49, Kuroki H, Inomata N, Hamanaka H, Higa K, Chosa E, Tajima N. Predictive
factors of Osaka Medical College (OMC) brace treatment in patients with adolescent
idiopathic scoliosis. Scoliosis. 2015;10:11.

50. Gilbert SR, Savage AJ, Whitesell R, Conklin MJ, Fineberg NS. BMI and
magnitude of scoliosis at presentation to a specialty clinic. Pediatrics. 2015;135:e1417-
24.



AWIAINTAUNNIINY 1A D
CHuLALONGKORN UNIVERSITY

43



44

The Case Record Form

B [

- Gender: Male |:| Fermale |:|

Ape during initial treatment:. ..., viears old

Weight:..... kg Height @ i

Risser Sign: 0- |:| 1- |:| 1-|:| 3- |:| 4- |:| 5-|:|

Diate of orthotic treatment ... e R, (DMLY Y YY)

Curve Classification: | According to apical gcuyg)

|:| Thoracic

|:| Thoracolumbar

|:| Lumbar

|:| Double Major Thoracic

I:l Double Major ThoracolumbarLumbar

Cobb angle progression

Ohserxer: L1

Description Drate of X-ray Cobb Angle Note

Pre-brace A-P radiograph

Side Bending Radiograph

IBC
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