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Abstract

Purpose In-brace radiograph of adolescents with idiopathic scoliosis (AIS) has been shown to reflect brace efficacy and the
possibility of achieving curve correction. Conversely, the first out-of-brace radiograph could demonstrate the patient’s ability
to maintain the correction. We aimed to determine which of the two radiographs is the best predictor of the Cobb angle at
the end of treatment (final radiograph).

Design Retrospective cohort study of a prospective dataset.

Methods The population was selected based on the following inclusion criteria: AIS, age 10-18 years; Risser score 0-2;
Cobb angle 25-40°; brace treatment; availability of all radiographs. Statistics: Pearson correlations provide a first explora-
tion of data. Theunivariate and multivariate logistic regression model tested the predictors. Finally ROC curve provided a
check of model accuracy.

Results A total of 131 patients were included (mean age 13.0+ 1.3, Cobb angle 33.2+5.5°; 78% females). At the end of
treatment, 56% had stabilised, 9% had progressed, and 44% had improved. The difference between the in-brace and final
radiographs was 8.0+ 6.0°, while the difference between the first out-of-brace and final radiographs was 1.8 +5.2°. The
best predictor of final outcome was the first out-of-brace radiograph (0.80), compared to in-brace (0.68) and baseline (0.59)
radiographs. The best cut-offs to predict avoidance of progression were 30% and 10% of the correction rates for the in-brace
and first out-of-brace radiographs, respectively.

Conclusion The first out-of-brace radiograph predicts end results better than the in-brace radiograph. It offers an excellent
clinical reference for clinicians and patients. The first out-of-brace radiograph should be considered an essential element of
future predictive models.

Level of Evidence 1 Diagnostic: individual cross-sectional studies with consistently applied reference standard and blinding.

Keywords Scoliosis - Brace - Radiograph - COBB angle

Introduction

Scoliosis is a three-dimensional deformity with maximal
progression during growth [1]. When the risk of progression
is high, the Risser score is between 0 and 2. When scoliosis
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is between 25 and 40 degrees, brace treatment is required
[1]. Randomised controlled trials (RCTs) have confirmed
bracing effectiveness [2, 3], supporting the conclusions of
a large number of observational studies [4-6]. Brace effects
depend on different factors: the deformity’s characteristics,
brace type, construction and material used, brace wear dos-
age, patients’ reactions to the brace, and correct and consist-
ent brace wear throughout therapy [7, 8].

In-brace radiograph (IB-XR) has traditionally been
considered a proxy for brace quality. It has been used to
determine the effect of bracing, predict the end-of-growth
results, and compare the impact of different braces [9].
Katz recommended a 25% in-brace correction rate since
it was associated with a 73% success rate [10]. Other
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authors have suggested a 40-50% correction rate to halt
progression [4, 11, 12]. The SOSORT consensus on brace
action agreed that the initial in-brace correction or pri-
mary correction, together with compliance, are the most
important factors in predicting treatment success [13].
The factors determining in-brace correction include the
Cobb angle of all curves, the lumbopelvic relationship,
and the sagittal and coronal imbalance [4, 14]. Never-
theless, the correction rate does not always reflect the
brace effectiveness [15]. The in-brace correction varies
according to the orthotic device, such as hypercorrective,
Cervico-Thoraco-Lumbo-Sacral Orthosis (CTLSO), and
Thoraco-Lumbo-Sacral Orthosis (TLSO). Individual sub-
ject characteristics influence this outcome, such as spine
flexibility, vertebral rotation, skeletal maturity [16], curve
magnitude, curve type, and localisation [7].

According to our clinical experience, we hypothesised
that the IB-XR reflects the spine’s potential for correc-
tion, while the first out-of-brace radiograph (FOB-XR)
taken at the end of daily weaning from the brace shows
the ability of the patient to maintain the correction,
which is linked to his/her muscle strength and neuromo-
tor capacity [17].

Consequently, the end-of-treatment radiograph (EOT-
XR) is expected to be different from the IB-XR, while
the FOB-XR could act as a target to be achieved during
gradual weaning off the brace and for the end-of-growth
result. This study aimed to determine if FOB-XR is bet-
ter than IB-XR at predicting the outcome in a cohort of
consecutive patients treated with a brace for adolescent
idiopathic scoliosis (AIS) until the end of growth.

Patient 1 .l
Patient 2 .

Patient 3

Patient 4 .

Patient 5

Patient 6

month 5 month 4 month 3 month 2 month 1 First visit in
B STARTXR IS1cO

A IB-XR

¢ roB-XxR

Fig. 1 The radiographic protocol. Each horizontal path represents a
different patient’s timeline. The red vertical lines represent the first
consultation, the green and grey lines represent brace delivery and
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Methods
Study design

This was a retrospective observational cohort study, analys-
ing prospective routinely collected data.

Participants

On the search date (18-1-2019), the original sample included
14,507 patients affected by spinal deformities, with an age
range of 10-18 years. We applied SRS standard criteria
for inclusion [18]: Risser score 0-2; Cobb angle 25-40°;
age over 10 years. Furthermore, we included only patients
with the availability of baseline radiograph within 3 months
from the first evaluation; IB-XR within 1 month and FOB-
XR within 6 months from brace start; and end of treatment
radiograph after 48 h without the brace. Exclusion criteria
were the diagnosis of secondary scoliosis or other associated
neurological disorders, treatment discontinuation, and not
finishing treatment.

Protocols

At the start, all patients had a baseline radiograph taken
within 3 months of the first visit. Figure 1 shows the
radiographic protocol. The Italian National Health system
takes an average of 2 months to provide braces for free
to scoliosis patients. The IB-XR is taken after 1 month
of regular brace wear. The time between the START-XR
and IB-XR ranges from 4 to 6 months. The FOB-XR is
taken after 4—6 months of brace wear, i.e. 7-9 months

Follow- up visit 4-6
months after start

»

month 1 month 2 month 3 month 4 month5 month 6 month 7

the second consultation. START-XR: baseline radiograph. IB-XR: in-
brace radiograph; FOB-XR: first out-of-brace radiograph
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after the START-XR. We always prescribe brace wear-
ing for a minimum of 18 h to a maximum of 24 h per
day. The FOB-XR is always taken at the end of the pre-
scribed daily weaning period. This interval varies from a
minimum of 0 h to a maximum of 6 h without the brace.
The end-of-treatment radiograph (END-XR) is taken at
the end of growth, after 48 h without the brace. Figure 2
shows an example of radiographs taken during the treat-
ment of one patient. Previous studies have described the
braces we used [19]. Brace treatment always includes
scoliosis-specific exercises [19]: in almost 50% of cases,
these follow the Scoliosis Scientific Exercises Approach
(SEAS) school [20], while the remaining can be described
as usual physiotherapy [21].

Model variables

We measured the Cobb angle on the following
radiographs:

e START-XR: first radiograph within 3 months of the base-
line clinical evaluation

e [B-XR: I month after starting brace treatment

e FOB-XR: after 4—6 months of brace wear

e EOT-XR: last radiograph to decide if treatment should
be stopped; this radiograph is taken after 48 h without
the brace

OM2ITAT207T20

Primary outcome variables

The primary outcome variable was defined by multiple
binary outcome variables, obtained by measuring the result
at the EOT-XR according to recognised clinically crucial
thresholds [22]. The 30° Cobb threshold represents the
“safety” threshold, which implies no problems in adulthood.
The 45° Cobb threshold, close to the surgical threshold, is
associated with higher risks of progression in adulthood [1].
We considered a variation within 5° Cobb from START-XR
to EOT-XR to define curve changes according to the meas-
urement error of the Cobb method [23].

Secondary outcome variable

The secondary outcome was defined by a continuous vari-
able represented by the change in Cobb angle from START-
XR to EOT-XR.

Explanatory variables

The primary explanatory variable was the Cobb angle at
the most significant curve, measured on all radiographs
taken from baseline to the end of treatment. Furthermore,
to account for baseline characteristics, we tested the fol-
lowing variable in both univariate and multivariate models:
Cobb angle, TRACE score for trunk aesthetic, rib hump in
millimetres, angle of trunk rotation in degrees (ATR) and

Fig.2 Example of radiographic protocol of one patient with a right thoracic curve starting at 54° and improving to 28° in-brace, 33° in the first

out-of-brace radiograph and 36° at the end of treatment
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Risser score. If a variable showed no significant effect in
the univariate model, the variable was not included in the
multivariate model.

Statistics

All analyses were conducted with STATA version 15.0 for
Windows. We used descriptive and inferential statistics for
demographic descriptions according to the data distribu-
tion. A preliminary investigation of the association between
radiograph measurements and the end-of-treatment Cobb
angle was done through the Pearson correlation. To test the
role of different radiographs in predicting the outcomes at
the end of treatment, we performed sequential univariate
and multivariate binary logistic regression models for binary
response variables. During model specification, the choice
of explanatory variables included in the final multivariate
model was guided by the performance of the variables in the
univariate model. During model calibration, we tested the
accuracy of the provided models by drawing the Receiver
Operator Curve (ROC) for the different cut-offs of the rate
of correction of IB-XR and FOB-XR and for Cobb changes
from START-XR to EOT-XR.

For the secondary analysis, we ran a univariate linear
regression model. We ran stepwise forward and backward
regression to select the variables included in the final mul-
tivariate model.

Results
Patient characteristics

We included 131 subjects. Seventy-eight per cent were
female, with a mean age of 13.0+ 1.3 years and an aver-
age Cobb angle at the most significant curve of 33.2 +5.5°
(Table 1).

Fifty-six per cent of the participants showed stabilisa-
tion of their largest curve at the end of the treatment (i.e.
progressed less than 5 Cobb degrees), 9% had progressed,
and 44% had a reduction of 6 Cobb degrees or more from
the baseline (i.e. improved). The Cobb variation between
IB-XR and EOT-XR was 8.0+ 6.0°, and the Cobb variation
between FOB-XR and EOT-XR was 1.8 +5.2°.

The highest correlation found was 0.80 between the FOB-
XR and EOT-XR (Table 2).

The univariate model showed that the odds ratio (OR)
of ending below 30° increased by 21% as the Cobb angle
at baseline decreased (OR=0.79, CI 95% 0.73-0.86,
p=0.000); 20% as the IB-XR Cobb decreased (OR =0.80,
CI95% 0.74-0.87, p=0.000) and 31% as the FOB-XR Cobb
decreased (OR=0.69, CI 95% 0.61-0.78, p=0.000). The
size of the hump in millimetres (OR 0.94, CI1 95% 0.89—1.00)
and the TRACE score (OR 0.98, CI 95% 0.95-1.00) were
added to the final multivariate logistic model, but they had
no influence on the OR of the IB-XR nor the FOB-XR. The

Table 1 Demographic
description of the sample. SD

Standard Deviation. The —sign
indicates a reduction in curve
magnitude, while the + sign
indicates a progression. The

5 Cobb degrees threshold is
considered clinically significant.
The — sign indicates a reduction
in the curves, while a+sign
indicates an increase in the
Cobb angle. The alpha level
significance was set at p <0.05.
Confidence Interval at 95% (CI

95%) of-brace to end-of-treatment

radiograph

Number Mean (SD) Minimum Maximum
Age (years) 131 13.0 (1.4) 10 16
Baseline Cobb angle 131 33.2(5.5) 25 40
In-brace Cobb angle 131 20.9 (7.3) 7 38
First out-of-brace Cobb angle 131 27.1 (11.1) 9 61
End-of-treatment Cobb angle 131 28.9(7.9) 8 50
In-brace correction (%) 131 37.4 (17.6) —-27% 77.4%
Out-of-brace correction (%) 131 18.5 (17.0) —-52.5% 64%
Change in Cobb angle from in-brace 131 —8.0(6.0) -5 29
to end-of-treatment radiograph
Change in Cobb angle from out- 131 +1.8(5.2) -12 20

Table 2 Results of the Pearson
correlation. The first out-of-
brace radiograph correlated
with final outcome better

Pearson correlation

Baseline radio- In-brace radio- First out-of-brace ~ End-of-treat-

than in-brace and baseline
radiographs

graph graph radiograph ment radio-
graph
Baseline radiograph 1.00
In-brace radiograph 0.55 1.00
First out-of-brace radiograph 0.63 0.69 1.00
End-of-treatment radiograph 0.59 0.68 0.80 1.00
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predictor variables included in the unadjusted and adjusted
binary logistic regression model were not significantly
associated with the failure outcome. The odds of stability
or improvement were 28% higher for 1° Cobb variation from
baseline to IB-XR (CI 95% 1.1-1.6) and 28% higher for each
degree of Cobb variation from START-XR to FOB-XR (CI
95% 1.1-1.5) (Table 3).

Furthermore, when considering the correction rate, the
odds of ending the treatment without progression was 5%
higher per unit per cent increase in the rate of correction
obtained at IB-XR and 10% higher per unit per cent increase
in the rate of correction obtained at the FOB-XR (CI 95%
1.07-1.12) (Table 4).

We did not develop the multivariate model because none
of the clinical baseline characteristics significantly predicted
the odds of ending without progression. Considering the
widespread use of the rate of correction as a reference for

treatment performance, we decided to test the accuracy of
this binary model. ROC curves were drawn for the differ-
ent cut-offs of the correction rate for IB-XR and FOB-XR
and for changes from START-XR to FOB-XR. The IB-XR
correction rate compared to the FOB-XR correction rate for
the main cut-off point is shown in Table 5. The best cut-off
to predict the avoidance of progression was 30% of the cor-
rection rate. The best cut-off of the FOB-XR was 10% of the
correction rate.

The ROC showed an acceptable balance between specific-
ity and sensitivity of the model, with an AUC of 72% and
78% for IB-XR and FOB-XR, respectively (Fig. 3).

End-of-treatment Cobb angle is predicted by the follow-
ing regression equation (R squared 0.88): Cobb at end =1.81
(intercept) +0.57 (Cobb at FOB-XR) +0.30 (IB-XR)+0.17
(Cobb at baseline), as shown by the adjusted coefficients
reported in Table 6.

Table 3 Cobb variation and unadjusted odds ratio (OR) for progressing less than 5 Cobb degrees (i.e. avoiding progression outcome). The alpha
level significance was set at p <0.05. CI1 95%: confidence interval at 95% SE: standard error

Avoiding progression (changes within the 5 Cobb Unadjusted OR SE P value CI95% Pseudo R2
degrees measurement error)

Cobb change from START-XR to IB-XR 1.28 0.12 0.005 1.1-1.6 0.21

Cobb change from IB-XR to FOB-XR 0.94 0.05 0.25 0.84-1.05 0.02

Cobb change from START-XR to FOB-XR 1.28 0.06 0.005 1.1-1.5 0.21

Table 4 Rate of correction and univariate odds ratio (OR) for progression of less than 5 Cobb degrees (i.e. avoiding progression outcome). The
alpha level significance was set at p <0.05. CI 95%: confidence interval at 95%; SE: standard error

Avoiding progression Unadjusted OR SE P value CI195% Pseudo R2
IB-XR correction rate 1.05 0.02 0.01 1.01-1.10 0.11
FOB-XR correction rate 1.10 0.03 0.003 1.03-1.14 0.21
Tablg 5, Accuracy of the Avoid progression OR predicted by Sensitivity ~ Specificity ~ Correctly classi- LR+ LR —
predlcthn of avmdgnce of IB-XR rate of correction cut-off (%) (%) fied (%)
progression of the in-brace (IB-
XR) correction rate compared to In-brace radiograph correction rate
the first out-of-brace (FOB-XR) 50/ ¢.yrrection 89 44 86 1.60 0.24
correction rate. OR: odds
ratio+LR: positive likelihood 30% correction 71 67 71 2.13 0.43
Ratio — LR: negative likelihood 40% correction 44 78 47 1.99 0.72
ratio 50% correction 29 89 33 2.58 0.80
Avoid progression OR predicted by first out-of-brace rate of correction rate
10% correction 79 67 78 2.36 0.32
20% correction 44 89 47 3.98 0.63
30% correction 21 89 26 1.92 0.89
40% correction 13 89 18 1.18 0.98
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Fig.3 Receiver operator curve (ROC) and area under the curve (AUC) of the accuracy of the prediction of avoidance of progression of the in-
brace (IB-XR) correction rate, on the left side, compared to the first out-of-brace (FO-XR) correction rate

Table 6 Results of the linear

. End Cobb angle Crude coef- P value CI95% Adjusted P value CI95%
regression model crgde ficient coefficient
and adjusted coefficients
are F‘?ﬁported’ alpha level Start Cobb angle  0.85 0.000 0.64-1.05  0.17 0.09 - 0.03-0.37
significance was set at p<0.05, - yp 0.79 0.000 0.64-093  0.30 0.001 0.13-0.47
CI 95% confidence interval at
959 FOB-XR 0.83 0.000 0.71-0.96 0.57 0.000 0.39-0.74
Discussion with success being considered a curve progression below

The present study showed that both FOB-XR and IB-XR
are good predictors of the end-of-growth results, thus con-
firming that for good results, we need corrective braces
and good brace management, with consistent brace wear,
gradual weaning, and scoliosis-specific exercises. FOB-
XR performed better than IB-XR. FOB-XR reflects the
real correction and gives a specific target for clinicians,
patients and parents to predict end results. We decided
to test both the Cobb variation across radiographs taken
during treatment and the correction rate to enhance the
presented results’ generalisability.

Brace treatment is recommended to halt progression
of the curve and ensure a better quality of life in adult-
hood [1]. Regarding the brace effect, there is a long tradi-
tion of referencing the in-brace correction. Many authors
have claimed the need for 30-50% curve correction to
define brace effectiveness or to ensure a better probability
of positive results. Other authors have specified higher
rates, at least for severe curves. Whatever the case, a good
correlation between the in-brace correction and the final
results has been demonstrated [9] and was confirmed by
the current findings. Katz found that 25% of in-brace
correction was associated with a 73% success rate [10],

@ Springer

6 Cobb degrees. Landauer stated that over 40% of cor-
rection was significantly related to a successful outcome
[4]. Goodboy recommended 45% in-brace correction to
achieve treatment success [12]. To our knowledge, this
is the first study to test how much correction should be
kept at the first test of brace removal to achieve successful
results. To allow comparison with other published results,
we decided to use different outcome measures. The ROC
curves indicated that the best predictor of success was the
30% correction rate in the IB-XR and the 10% correction
rate in the FOB-XR.

We should highlight the solid clinical relevance of the
present results. They will help clinicians assess short- and
long-term brace outcomes and guide clinical choices and
outcome communication with patients and their families.
They also offer interesting insights for future research in
the field. According to the present results, we recommend
including the FOB-XR in future prognostic models when
exploring brace treatment expectations. Patients will benefit
too since they will better understand how treatment works
and how to interpret brace results during the therapeutic
path.

From the start of treatment, patients, families and clini-
cians look forward to predicting the end-of-growth results.
An early indication of a good chance of success is essential
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for clinical decision-making. Most importantly, it helps
to motivate patients by encouraging them to adhere to the
prescribed regimen and protocol.

The low level of missing data is a strength of routinely
collected medical records and is dependent on the regular
data checking, data completion, and data updates made by
all the clinicians operating at our institute. Some patients
showed worsening of the curve at IB-RX; this was not
related to the brace effect but was usually due to the time
between radiographs. To minimise ionising radiation, the
START-XR can be done within the 3 months before the
first visit. Therefore, it is possible that some patients per-
formed the IB-XR 4 months after the START-XR. Curve
progression could have occurred before brace fitting.
There is, on average, a 2 month waiting list in Italy for
obtaining a brace from the Public Health System. When
this happens, the patients and their brace are checked and
corrected if needed. We considered this factor a normal
life variation controlled with a time variable added into the
model. The time variable was insignificant, and therefore,
it was not included in the final model. Since we aimed to
test the prognostic role of radiographs, we did not exclude
patients with the worst results from the analysis.

The present results highlight the different roles played
by two essential parts of brace treatment. The IB-XR is
fundamental to checking brace efficacy. When assessing
the correction obtained, we encourage considering all the
factors potentially involved, including patients’ charac-
teristics [16] such as spine flexibility, vertebral rotation,
and skeletal maturity [7, 24]. Technical features of brace
construction and wearing could impact brace correction
too [25, 26]. Furthermore, correct prescription, brace type,
brace material, and dosage, which stem from the clini-
cal choices made by the expert clinicians, are expected to
play a role in the brace correction. IB-XR should be used
to optimise the correction by adjusting the brace accord-
ingly [27].

Conversely, the FOB-XR plays a different role, shown by
the more robust association with the end-of-growth results: it
should be used to predict end results, adjust clinical choices,
and motivate patients to comply with the prescription.

Conclusion

The FOB-XR reflects the real correction achieved and
achievable by the patient and gives physicians, patients, and
parents a specific target to predict results at the end of treat-
ment. The FOB-XR is an important factor for future predic-
tive models investigating the factors that determine the end-
of-growth results in adolescents with idiopathic scoliosis.
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