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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common form 
of spinal deformity, with a prevalence of 1% to 2% (1). It has 
been reported to negatively affect a patient’s health-related 
quality of life (HRQoL), with complaints of increased back 
pain, reduced physical activity, and psycho-social problems 
associated with a disfigured appearance (2,3). Bracing 
represents the primary form of non-operative management 

of AIS (4). While most studies suggested its effectiveness, this 
modality has itself been reported to result in a deterioration of 
HRQoL among patients who receive bracing treatment (3). 
Therefore, close monitoring of HRQoL should be performed 
while under treatment and the impact of bracing on HRQoL 
should be accounted for in the evaluation of treatment results 
of AIS patients (5). 

Among HRQoL assessment tools dedicated to patients with 
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AIS, the Scoliosis Research Society-22 Questionnaire (SRS-22) 
is the most widely used (6). However, SRS-22 does not include 
items specific to the impact of bracing on HRQoL of AIS 
patients (3). A disease-specific questionnaire (7-9) with proven 
higher sensitivity than generic patient-oriented counterparts 
is required (10). To specifically evaluate the HRQoL of AIS 
patients under bracing treatment, Vasiliadis et al. (11) first 
introduced the Brace Questionnaire (BrQ), which included 
eight domains (general health perception, physical functioning, 
emotional functioning, self-esteem and aesthetics, vitality, 
school activity, bodily pain and social functioning). 

The BrQ was initially developed and validated in 
Greek, and has been translated into Polish (12), Italian (13), 
French (14), Korean (15), Turkish (16), and Persian (17) 
and found to be valid. We herein aimed to culturally adapt 
and psychometrically validate the contemporary Chinese 
version of BrQ following the standard protocol of trans-
cultural validation as demonstrated in previous literature (18). 
 

Methods

In general, we strictly followed the widely accepted 
guidelines for translation and cross-cultural adaptation 
as described by Guillemin (6,18), including independent 
forward translation, review and reconciliation of differences, 
reverse translation and establishment of the consensus-
based pre-final version by an expert panel. 

The pre-final version of Chinese BrQ was presented to 
10 Chinese-speaking AIS patients, who were subsequently 
interviewed on their understanding of each questionnaire 
item. Each patient was asked to comment on the pre-final 
version of Chinese-translation of BrQ and to identify any 
words that they found difficult to understand. Thereafter, 
their responses were reviewed by the expert panel and the 
final Chinese version of BrQ was determined by consensus.

We then administered BrQ to 70 consecutive Chinese 
patients with AIS. Inclusion criteria included age at the time 
of questionnaire administration between 10 and 18 years, 

Cobb angle of the primary curve on long-cassette antero-
lateral X-ray between 20.0° and 40.0°. All patients were 
treated with the same kind of brace for at least 4 months 
and for at least 10 hours per day. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013) and the study was approved by the Ethics Committee 
of Peking University Third Hospital (No. M2018216) and 
informed consent was taken from all the patients.

The BrQ comprises of 34 Likert-scale items in eight 
specific domains: (I) general health perception, (II) physical 
functioning, (III) emotional functioning, (IV) self-esteem 
and aesthetics, (V) vitality, (VI) school activity, (VII) bodily 
pain and (VIII) social functioning. The total score equals 
the average of each item score multiplied by 20. Item score 
ranges from 1 to 5 points for each item, with more points 
indicating higher HRQoL. Therefore, the minimum score 
of BrQ was 20 and the maximum was 100. Similarly, a sub-
scale score can be calculated for each of the eight domains 
by multiplying the average item score of all items within a 
certain domain by 20 (11). 

The SRS-22 includes five domains (function, pain, 
mental health, self-image, management satisfaction/
dissatisfaction), and a total of 22 items. The item score 
ranges from 1 to 5 points, and the summary score ranges 
between 22 and 110 (6). A previously-validated Chinese 
version of SRS-22 was used in the current study (19,20).

A test-retest design (with a 14-day interval between 
questionnaire administration) was used to measure the 
temporal stability of the Chinese version of BrQ using the 
intra-class correlation coefficient (ICC). The Cronbach’s 
alpha was used to assess internal consistency. The Pearson’s 
correlation coefficient was used to evaluate convergent 
validity by comparing the responses to BrQ against responses 
to SRS-22. SPSS 26.0 was used for statistical analysis. For all 
tests, statistical significance was set at P<0.05. 

Results

The study took place from February 2019 to January 2020 
with the approval of the local hospital ethics committee. A 
total of 70 consecutive native Chinese-speaking patients with 
AIS, including 65 girls and 5 boys, were enrolled in this study 
after obtaining consent from patients and their guardians’ 
consent, and all of them completed the second survey. The 
mean patient age was 13.9 [standard deviation (SD), 2.1] years, 
and the mean Cobb angle was 28.0° (SD, 6.6). Demographics 
and clinical characteristics were summarized in Table 1.

The questionnaires had no missing values or patient 

Table 1 Demographics and clinical characteristics 

Characteristics Mean (SD) 

Age (years) 13.9 (2.1)

Body weight (kg) 47.4 (7.4)

Height (cm) 162.3 (8.2)

Major curve magnitude 28.0 (6.6)

SD, standard deviation.
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information. Scores from the eight BrQ domains and the 
five SRS-22 domains were shown in Table 2, respectively, 
along with their ceiling and floor effects. There were no 
floor or ceiling effects observed with the total score of BrQ. 
However, significant ceiling effects were observed in the 
school activity (45.7%), bodily pain (35.7%), and social 
functioning (22.9%) domains of BrQ.

Excellent test-retest reliability (ICC, 0.967; Table 3) and 
internal consistency (Cronbach’s alpha, 0.923; Table 4) were 
demonstrated with the overall BrQ. However, internal 
consistency was poor in the domain of general health 
perception (Cronbach’s alpha, 0.399). 

Statistical analysis

Regarding convergent validity, Pearson’s correlation 
coefficients varied from very weak to strong across different 
domains between BrQ and SRS-22 (Table 5). The overall 
BrQ and SRS-22 scores were strongly correlated with a 
coefficient of 0.743 (P<0.001).

Discussion

Brace treatment has been used as the primary form of non-

operative management of AIS. Many types of brace have 
been reported in the literature (4). Previous studies suggested 
that bracing may negatively affect HRQoL of AIS patients (5). 
On the other hand, declining HRQoL might compromise 
compliance with bracing and consequently compromise the 
effectiveness of this treatment modality (3). Therefore, it is 
important to better evaluate and closely monitor the HRQoL 
aspects of AIS patients undergoing bracing treatment. SRS-22  
has been widely used as an assessment tool for patients with 
scoliosis (6). However, SRS-22 is not specific to bracing 
management. In contrast, BrQ was designed specifically 
for AIS patients wearing braces as their primary treatment 
modality. Since its publication in 2006, BrQ has undergone 
cross-cultural adaptation into multiple foreign languages  
(11-17). Our current study introduced the Chinese version of 
BrQ following standard protocols of translation and cultural 
adaptation, which can be used as a clinical evaluation tool 
for Chinese patients AIS. The culturally adapted Chinese 
version of BrQ showed good psychometric properties, 
largely comparable to those of the original Greek version and 
translated versions in other languages (Table 6).

The optimal inclusion criteria for AIS brace studies 
include greater than 10 years of age when the brace is first 
prescribed, Risser sign 0–2, Cobb angle of the primary curve 

Table 2 Domain scores of the BrQ and the SRS-22

Domain Domain mean (SD) Floor effect (%) Ceiling effect (%)

BrQ (n=34)

General health perception (n=2) 3.3 (0.7) 0.0 0.0

Physical functioning (n=7) 4.1 (0.7) 0.0 7.1

Emotional functioning (n=5) 4.0 (0.7) 0.0 10.0

Self-esteem and aesthetics (n=2) 3.0 (1.2) 10.0 10.0

Vitality (n=2) 3.8 (0.7) 0.0 2.9

School activity (n=3) 4.4 (0.8) 1.4 45.7

Bodily pain (n=6) 4.5 (0.7) 0.0 35.7

Social functioning (n=7) 4.4 (0.7) 0.0 22.9

SRS-22 (n=22)

Function (n=5) 4.4 (0.6) 0.0 21.4

Pain (n=5) 4.3 (0.6) 0.0 17.1

Mental health (n=5) 3.5 (0.7) 0.0 0.0

Self-image (n=5) 4.0 (0.7) 0.0 14.3

Management satisfaction/dissatisfaction (n=2) 4.0 (0.6) 0.0 5.7

BrQ, Brace Questionnaire; SRS-22, Scoliosis Research Society-22 Questionnaire; SD, standard deviation.
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ranges 25–40°, and no prior treatment (4). However, in 
practice, the Cobb angle of the brace treatment population 
is wider than this range. Owing to the anxiety of patients and 
their families’ concerns about the progress of the disease, 
some patients with a Cobb angle of 10–25 degrees require a 
brace for treatment. Some patients with a Cobb angle greater 
than 50 degrees cannot undergo surgical treatment because 
of their overall physical condition or financial constraints. 
In the interest of standardization, we only included patients 
with a Cobb angle between 20 and 40 degrees in our 
study. For cases of mild scoliosis, previous studies showed 
that deterioration in HRQoL was not correlated with the 

Cobb angle (3). One study reported that Cobb angle was 
not significantly related to the BrQ score (13). Therefore, 
this study did not use the Cobb angle as a tool for validity 
evaluation.

In the present study, ceiling effects were observed in  
3 domains of BrQ, namely, school activity, bodily pain, and 
social functioning. Yet the Korean version of BrQ revealed 
no ceiling effect in any domain (15). This discrepancy 
was likely due to the fact that Chinese patients stress the 
importance of adolescent education and seldomly delay 
going to school. 

The test-retest ICC of the Chinese BrQ was 0.967, 

Table 3 The value of Intraclass correlation coefficients 

BrQ ICC (95% CI)

Total 0.967 (0.947–0.979)

General health perception 0.869 (0.797–0.916)

Physical functioning 0.902 (0.846–0.938)

Emotional functioning 0.907 (0.855–0.941)

Self-esteem and aesthetics 0.936 (0.898–0.959)

Vitality 0.807 (0.707–0.876)

School activity 0.925 (0.882–0.953)

Bodily pain 0.856 (0.778–0.908)

Social functioning 0.909 (0.857–0.942)

BrQ, Brace Questionnaire; ICC, intraclass correlation coefficient; 
CI, confidence interval.

Table 4 The value of Cronbach’s alpha

BrQ Cronbach’s alpha

Total 0.923

General health perception 0.399

Physical functioning 0.689

Emotional functioning 0.611

Self-esteem and aesthetics 0.791

Vitality 0.646

School activity 0.667

Bodily pain 0.871

Social functioning 0.762

BrQ, Brace Questionnaire.

Table 5 Correlations between the BrQ scores and the SRS-22 scores 

Domain
Total score  

SRS-22 
SRS-22  
function 

SRS-22  
pain 

SRS-22  
mental health 

SRS-22  
self image 

SRS-22  
management  

satisfaction/dissatisfaction 

Total score BrQ 0.743** 0.613** 0.587** 0.552** 0.583** 0.668**

BrQ general health perception 0.440** 0.207 0.349** 0.375** 0.452** 0.344**

BrQ physical functioning 0.534** 0.416** 0.396** 0.380** 0.469** 0.502**

BrQ emotional functioning 0.653** 0.543** 0.461** 0.514** 0.545** 0.539**

BrQ self-esteem and aesthetics 0.503** 0.257* 0.394** 0.587** 0.357** 0.393**

BrQ vitality 0.517** 0.428** 0.340** 0.401** 0.427** 0.518**

BrQ school activity 0.635** 0.609** 0.539** 0.442** 0.415** 0.580**

BrQ bodily pain 0.504** 0.405** 0.566** 0.225 0.388** 0.496**

BrQ social functioning 0.657** 0.655** 0.451** 0.491** 0.467** 0.596**

*, P value <0.05; **, P value <0.01. BrQ, Brace Questionnaire; SRS-22, Scoliosis Research Society-22 Questionnaire.
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indicating good temporal stability, similar to previous 
studies. Moreover, good temporal stability was also shown 
in each domain. The test-retest interval was 14 days, which 
was sufficient to eliminate memory effects. 

The BrQ total score had a high value of Cronbach’s 
alpha (0.923), showing high internal consistency similar to 
other versions. Most domains also showed good internal 
consistency. However, the general health perception domain 
failed to exceed the minimum recommended value of 0.40 
(a cut-off for acceptable internal consistency). Our results 
showed that some patients were even more concerned with 
discomfort associated with brace-wearing (lower score in 
item 1) than with disease progression (higher score item 2).  
This might explain the sub-optimal internal consistency 
of the general health perception domain, in addition to 
demonstrate how much brace-wearing could negatively 
affect HRQoL in some patients.

In the analysis of convergent validity, the correlation 
coefficient between the total score of BrQ and SRS-22 was 
0.743 (P<0.001), which showed good convergent validity. 
Additionally, our data showed that the correlation between the 
overall as well as individual domain scores of BrQ and different 
SRS-22 domain scores was all significant but the correlation 
coefficients varied from very weak to strong. Although items in 
the BrQ are completely different from those in SRS-22, they 
share some domains that measure common concepts, such 
as the physical functioning domain (BrQ) and the function 
domain (SRS-22), the emotional functioning domain (BrQ) 
and the mental health domain (SRS-22), the self-esteem 
and aesthetics domain (BrQ) and the self-image domain  
(SRS-22), the bodily pain domain (BrQ), and the pain domain 
(SRS-22). Strong correlation coefficients were observed in 

domains on the same concept from different instruments, 
while weak correlation coefficients were observed between 
domains measuring different concepts. 

To conclude, the culturally adapted Chinese version of 
BrQ showed excellent reliability, high internal consistency, 
and satisfactory concurrent validity. This instrument is, 
therefore, useful as a clinical evaluation tool for Chinese 
patients with AIS. Further research may focus on whether 
BrQ can supplement SRS-22 or be used as a stand-alone 
assessment tool in this patient population in the future.
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Persian (17) 2019 51 0.96 0.96 0.71

Chinese – 70 0.967 0.923 0.743

BrQ, Brace questionnaire; ICC, intraclass correlation coefficient; SRS-22, Scoliosis Research Society-22 Questionnaire.
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investigated and resolved. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
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