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Background and purpose — The Brace Questionnaire 
(BrQ) is a disease-specific health-related quality of life 
(HRQOL) instrument for measuring perceived health status 
of scoliosis patients undergoing brace treatment. The pur-
pose of this study is to evaluate the validity and reliability 
of a translated and culturally adapted Dutch version of the 
BrQ.

Patients and methods — The original Greek BrQ was 
translated into Dutch and a cross-cultural adaptation and 
validation processes were conducted. Subsequently, 80 ado-
lescent idiopathic scoliosis (AIS) patients undergoing active 
brace treatment were included from 4 scoliosis centers to 
evaluate the validity and reliability of the Dutch version of 
the BrQ. The questionnaire’s floor and ceiling effects, inter-
nal consistency, and test–retest reliability were assessed. 
Concurrent validity was evaluated by comparing the BrQ 
with the revised Scoliosis Research Society 22-item ques-
tionnaire (SRS-22r) scores.

Results — The mean total BrQ score was 75.9 (standard 
deviation [SD] 11.3) and the mean domain scores varied 
between 3.4 (SD 0.9) and 4.2 (SD 0.7) for the domains 
“vitality” and “bodily pain,” respectively. There were no 
floor and ceiling effects for the total BrQ score. The BrQ 
showed satisfactory internal consistency in most subdomains 
with a Cronbach’s α ranging between 0.35 for the domain 
“general health perception” and 0.89 for the domain “self-
esteem and aesthetics.” Excellent test–retest reproducibility 
was observed for the total BrQ score (ICC 0.91), and the BrQ 
was successfully validated against the SRS-22r.

Conclusion — The translated and culturally adapted 
Dutch version of the BrQ is a valid and reliable HRQOL 
instrument for AIS patients undergoing brace treatment.

Bracing of adolescent idiopathic scoliosis (AIS) is effective to 
decrease the progression risk and subsequent need for surgical 
treatment [1]. The success rate of bracing is mainly associated 
with compliance, as significant positive association between 
hours of brace wear and rate of treatment success has been 
observed [1-3]. Generally, studies have reported low compli-
ance. Many factors contribute to this low compliance, includ-
ing comfort, social issues, and self-image [3,4]. Disease-spe-
cific health-related quality of life (HRQOL) measurement 
could provide better insights into the impact of brace wear on 
different health domains, to improve compliance and subse-
quently long-term treatment success [5]. 

The revised Scoliosis Research Society 22-item question-
naire (SRS-22r) assesses the overall HRQOL of AIS patients 
but does not contain a specific item on the influence of brace 
therapy on HRQOL [6]. Therefore, the Brace Questionnaire 
(BrQ) was developed as a new instrument for measuring 
HRQOL of scoliosis patients undergoing brace treatment [7]. 
The original Greek BrQ has previously been translated into 
different languages and validated but has not yet been trans-
lated into the Dutch language [8-15]. Therefore, this study will 
evaluate the validity and reliability of a translated and cultur-
ally adapted Dutch version of the BrQ.

Patients and methods
Translation and cross-cultural adaption process
The translation and cross-cultural adaptation process were 
conducted in accordance with previously described guidelines 
[16]. First, 2 independent native Greek speakers, of whom 1 
has a medical background, translated the original Greek BrQ 
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into Dutch. These translations were merged into 1 Dutch ver-
sion by both translators and a recording observer (CP) who 
guided the translation and adaptation process. All discrepan-
cies were solved by consensus. Subsequently, a blinded back-
translation from Dutch into Greek was performed by 2 other 
independent native Greek speakers of whom 1 has a medical 
background. Finally, all translations were reviewed and a pre-
final Dutch version was created during an expert committee 
meeting. 4 translators, including 2 language professionals, 2 
orthopedic spine surgeons (DK and CF), and the recording 
observer attended the meeting. At this meeting the semantic, 
idiomatic, experiential, and conceptual equivalences between 
the original Greek BrQ and prefinal Dutch version were also 
examined. For the pretest 32 AIS patients, aged between 11 
and 16 years old (23% male), completed the prefinal Dutch 
version of the BrQ and were asked for any difficulties in inter-
pretation of the questions and answers. Since no difficulties in 
interpretation were experienced and only 2 words (“with sco-
liosis”) were added to Question 13 for better understanding, a 
second consultation of the expert committee was unnecessary. 
The final version of the Dutch BrQ after cross-cultural testing 
is shown in Supplementary data 1.

Study procedure
Patients from 4 scoliosis centers were prospectively included 
in this multicenter study from April 2022 to January 2023, 
according to the following inclusion criteria: (i) they were 
diagnosed with AIS, (ii) aged between 12 and 18 years, (iii) 
Dutch-speaking, and (iv) undergoing active brace treatment 
for at least 3 months. Patients with non-idiopathic scoliosis or 
previous spinal surgery were excluded. Eligible patients were 
asked for participation at the outpatient clinic or by telephone. 
After obtaining informed consent, included patients received 
a link to 2 questionnaires by email: (1) the final adapted Dutch 
version of the BrQ, and (2) the Dutch version of the SRS-
22r for comparison and concurrent validity [6]. The SRS-22r 
questionnaire has previously been successfully translated into 
Dutch and validated and was used in previous BrQ validation 
studies in other languages as a scoliosis-specific quality-of- 
life questionnaire [8,10,12,13,15]. Both questionnaires were 
sent twice to investigate the test–retest reliability. After com-
pleting the first questionnaires, patients received a second link 
by email after an interval of 10–14 days. The patient could 
only complete the electronic questionnaire if all questions 
were answered. 

The BrQ consists of 34 Likert-scale brace-related items, 
which are grouped into 8 domains (general health perception, 
physical functioning, emotional functioning, self-esteem and 
aesthetics, vitality, school activity, bodily pain, and social 
functioning) [7]. The scoring of the questions and domains 
of the Dutch version of the BrQ and SRS-22r was performed 
according to the corresponding scoring guidelines [6,7,17]. 
Both questionnaire scores range from 1 (minimum score) to 
5 (maximum score). For the BrQ items 4, 5, 6, 12, 14, 15, 16, 

and 17, the answer “always” received a score of 5, and “never” 
a score of 1, because the answer “always” to these questions 
indicates better HRQOL. For the other 26 BrQ items, the 
answer “always” received a score of 1, and “never” a score 
of 5, because the answer “never” indicates better HRQOL for 
these specific questions. Subsequently, each item score is mul-
tiplied by 20 and the total score is divided by 34, resulting in 
a total minimum score of 20 and maximum score of 100. A 
higher score indicates better HRQOL [7]. Regarding the SRS-
22r scoring system, total scores range between 5 and 25 for 
the domains function, pain, self-image, and mental health, and 
between 2 and 10 for satisfaction/dissatisfaction with manage-
ment [6]. The average scores per domain and the total SRS-
22r score vary between 1 and 5, where a higher score indicates 
better HRQOL.

Statistics  
For both the BrQ and SRS-22r, the mean, standard deviation 
(SD), range, floor, and ceiling effects were determined per 
domain. Floor and ceiling effects were assessed by calculating 
the frequency of lowest and highest possible domain scores. 
The lowest possible domain score for each domain was 1 (in 
case all questions of the domain received a score of 1), and the 
highest possible domain score was 5 (in case all questions of 
the domain received a score of 5). 

The reliability of the BrQ was assessed and compared with 
the SRS-22r by determining the internal consistency and repro-
ducibility, respectively. Cronbach’s α was used to evaluate the 
internal consistency of each unidimensional scale (domain). A 
Cronbach’s α of 0.70–0.80 represents acceptable internal con-
sistency, and > 0.80 represents good or excellent internal con-
sistency [18]. Reproducibility was evaluated by a test–retest 
reliability analysis for the total score and per domain of the 
first and second measurement, using an intraclass correlation 
coefficient (ICC) (one-way random, single measures). An ICC 
larger than 0.90 is considered to indicate excellent reliability, 
and a value of 0.75–0.90 indicates good reliability [19].

Concurrent validity was assessed by comparing the mean 
scores of four BrQ domains (physical functioning, emotional 
functioning, self-esteem and aesthetics, and bodily pain) 
with 4 comparable domains of the SRS-22r (function, mental 
health, self-image, pain) using Pearson’s correlation coeffi-
cient [10,13]. A Pearson’s rho of > 0.75 is considered to repre-
sent good-to-excellent concurrent validity, a rho of 0.50–0.75 
represents moderate-to-good validity, and 0.25–0.50 repre-
sents poor validity [20]. IBM SPSS Statistics for Windows, 
version 23.0 (IBM Corp, Armonk, NY, USA) was used for all 
statistical analysis. A P value < 0.05 was considered as statisti-
cally significant (2-tailed).

Ethics, funding, and disclosures
This study was approved by the Medical Ethical Review 
Board from University Medical Center Groningen (RR-num-
ber:202100536). No funding was received for conducting this 



Acta Orthopaedica 2023; 94: 460–465  462

study. The authors have no conflicts of interest to declare that 
are relevant to the content of this articles. Completed disclosure 
forms for this article following the ICMJE template are avail-
able on the article page, doi: 10.2340/17453674.2023.18492

Results
Patient characteristics
80 AIS patients undergoing active brace treatment gave their 
informed consent and were included in this multicenter vali-
dation and reliability study of the Dutch version of the BrQ 
(Table 1). The number of inclusions per center varied between 
13 and 31. The response rate was 72% and varied per center 

(39% to 94%). 57 included patients (71%) completed both sets 
of questionnaires (Figure). The mean age at study inclusion 
was 14 years (SD 1.4), and 60 patients (75%) were female. 
A Boston brace was used in 99% of the included patients; 1 
patient wore a Cheneau brace. The mean pre-brace major-
curve Cobb angle was 38° (SD 12), and the self-reported mean 
number of hours of brace wear per day during the past month 
was estimated at 15.5 hours (SD 6.5).

Total and domain scores 
The mean total BrQ score for this Dutch study population 
was 75.9 (SD 11.3) and the mean domain scores of the 8 
different BrQ domains varied between 3.4 (SD 0.9) for the 
domain “vitality” and 4.2 (SD 0.7) for the domain “bodily 
pain” (Table 2). There were no floor and ceiling effects for the 
total BrQ score. Also, no floor effects were observed for the 
BrQ domains, but ceiling effects between 1.3% and 15% were 
observed for all BrQ domains. 

Regarding the SRS-22r, the mean total score was 3.9 (SD 
0.6) and the domain scores varied between 3.5 (SD 0.8) for the 
domain “self-image” and 4.4 (SD 0.5) for the domain “func-
tion.” There were also no floor and ceiling effects for the total 
SRS-22r score. Ceiling effects between 2.5% and 16.3% were 
observed for all SRS-22r domains.

Internal consistency and reproducibility
The Cronbach’s α of the 8 different BrQ domains ranged 
between 0.35 (95% confidence interval [CI] –0.02 to 0.58) for 

Table 1. Patient characteristics (80 patients)

Criterion missing, n 

Female sex  – 60
Postmenarchal at study inclusion – 44/60
Age at brace initiation in years, mean (SD) – 12.7 (1.7)
Age at study inclusion in years, mean (SD) – 14.3 (1.4)
Body mass index at study inclusion, mean (SD) – 18.0 (2.9)
Risser stage a at study inclusion –
 stage 0 – 18
 stage I     7
 stage II  10
 stage III  15
 stage IV  29
 stage V    1
Pre-brace Cobb angle, mean (SD) 2 38 (12)
Initial in-brace correction in %, mean (SD) 10 29 (17)
Cobb angle at study inclusion, mean (SD) a – 36 (14)
Lenke classification before surgery –
 type 1  50
 type 5  19
 type 2, 3, 4, or 6  11
Daily hours of brace wear, mean (SD) b – 15.5 (6.5)

a Measured on the last in-brace or out-of-brace radiograph before 
study inclusion.

b Patients were asked to estimate their average number of hours of 
brace wear per day during the past month of brace treatment.

Eligible patients
n = 111

Patients completing first
sets of questionnaires

n = 80

Patients completing both
sets of questionnaires

n = 57

Excluded
Refused participation

n = 31

Excluded
Non-responders for second

set of questionnaires
n = 23

Patient inclusions and exclusions.

Table 2. Domain scores of the BrQ and SRS-22r (80 patients)

   Floor Ceiling
Domain (n) a Mean (SD) Range effect b effect b

BrQ    
 General health 
    perception (2) 3.7 (0.8) 2.0–5.0 0 6.3
 Physical functioning (7) 3.6 (0.7) 1.7–5.0 0 1.3
 Emotional functioning (5) 3.6 (0.9) 1.6–5.0 0 5.0
 Self-esteem and 
    aesthetics (2) 3.5 (0.9) 1.5–5.0 0 10
 Vitality (2) 3.4 (0.9) 1.0–5.0 1.3 5.0
 School activity (3) 3.9 (0.8) 1.7–5.0 0 14
 Bodily pain (6) 4.2 (0.7) 2.3–5.0 0 15
 Social functioning (7) 4.0 (0.8) 1.6–5.0 0 6.3
 Total BrQ score 75.9 (11.3) 52.9–95.3 0 0
SRS-22r 
 Function (5) 4.4 (0.5) 3.0–5.0 0 16
 Pain (5) 4.1 (0.7) 1.4–5.0 0 8.8
 Self-image (5) 3.5 (0.8) 1.6–5.0 0 2.5
 Mental health (5) 3.6 (0.8) 1.0–5.0 1.3 2.5
 Satisfaction/dissatisfaction 
     with management (2) 3.8 (0.7) 2.0–5.0 0 8.8
 Total SRS-22r score 3.9 (0.6) 2.2–4.8 0 0

BrQ = Brace Questionnaire.
SRS-22r = revised Scoliosis Research Society 22-item questionnaire
a n = number of questions per domain.
b Floor and ceiling effects are the percentage of patients who scored 

the lowest or highest possible domain score, respectively. 
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the domain “general health perception” and 0.89 (CI 0.82–
0.93) for the domain “self-esteem and aesthetics” (Table 3). 
The Cronbach’s α of the 5 SRS-22r domains varied between 
0.57 and 0.85. The test–retest reproducibility was excellent 
for the BrQ (ICC 0.91, CI 0.85–0.94) and good for the SRS-
22r (ICC 0.87, CI 0.79–0.92). The ICCs of the BrQ domains 
varied between 0.62 (CI 0.43–0.76) for the domain “self-
esteem and aesthetics” and 0.86 (CI 0.78–0.92) for the domain 
“bodily pain,” and the ICCs of the SRS-22r domains varied 
between 0.64 and 0.85 (Table 3). The average time between 
the first and second measurement was 28 days (SD 17).

Concurrent validity
Statistically significant concurrent validity was established for 
the total BrQ and total SRS-22r scores (Table 4). Also, the 
BrQ domains “physical functioning,” “emotional function-
ing,” “self-esteem and aesthetics,” and “bodily pain” corre-
lated significantly with the comparable domains of the SRS-
22r (function, mental health, self-image, pain). The Pearson’s 
rho correlation coefficient varied between 0.41 (CI 0.21–0.58) 
for the BrQ domain “physical functioning” and 0.64 (CI 0.49–
0.75) for the BrQ domain “bodily pain.” 

Discussion

The aim of this study was to translate and culturally adapt the 
original Greek BrQ into the Dutch language and to evaluate 
the validity and reliability of this Dutch version. The BrQ was 
successfully translated and adapted, and the Dutch version of 

the BrQ showed no floor and ceiling effects for the total BrQ 
score, excellent test–retest reproducibility, and satisfactory 
internal consistency in most subdomains. Also, moderate-
to-good concurrent validity was found for the BrQ domains 
“emotional functioning,” “self-esteem and aesthetics,” and 
“bodily pain.” The mean total BrQ score for this Dutch study 
population was 75.9 (SD 11.3), which is comparable to popu-
lation groups in other countries [8,11,14].

Generally, a minimum Cronbach’s α of 0.70 is recom-
mended for satisfactory internal consistency of a scale [7,18]. 
Some researchers also compute the Cronbach’s α for the total 
scale (items of all domains), but as this scale will not be unidi-
mensional, this approach is less informative (the Cronbach’s 
α for the total BrQ in this study was 0.91 [CI 0.88–0.94]). The 
Cronbach’s α scores of the 8 subdomains in the present study 
varied (0.35–0.89) and were slightly lower than in most other 
BrQ validation studies [7,11-13]. The Cronbach’s α is impacted 
by the number of items. Therefore, a lower α coefficient may 
be expected with only 3 or fewer items, which could explain 
the relatively low Cronbach’s α of 0.35 (CI –0.02 to 0.58) for 
the domain “general health perception,” which consists of 2 
questions, and the Cronbach’s α of 0.59 (CI 0.40–0.72) for 
the domain “school activity,” which consists of 3 questions. 
The relatively low Cronbach’s α of 0.55 (CI 0.38–0.69) for 
the domain “physical functioning” was more remarkable as 
the domain consists of 7 questions. Using the “Cronbach’s 
α if item deleted” procedure, the exclusion of item 5 (“you 
managed to wear the brace without any help”) improved the 
Cronbach α to 0.67. Age seemed to influence the score for this 
item as the mean score of item 5 was 3.9 (SD 1.6) for patients 
aged 15 or older, and 3.3 (SD 1.8) for patients aged 14 years 
or younger, but the difference was not significant (P 0.06, 
one-sided). Besides age, brace type and length of brace wear 
are also factors that could influence the score of item 5, and 
could be possible explanations for the improvement in inter-
nal consistency if this item were deleted. Further sub-analyses 
concerning this matter fell outside the scope of this study and 
were therefore not conducted.

The ceiling effect percentages per domain in the pres-
ent study were slightly higher compared with most other 
BrQ validating studies in literature, but did not exceed 15% 

Table 4. Concurrent validity of the BrQ domains in relation to com-
parable SRS-22r domains 

BrQ SRS-22r
domains domains Pearson’s rho (CI) P value

Physical functioning  Function 0.41 (0.21–0.58) < 0.001
Emotional functioning  Mental health 0.63 (0.47–0.75) < 0.001
Self-esteem and 
 aesthetics Self-image 0.51 (0.32–0.65) < 0.001
Bodily pain Pain  0.64 (0.49–0.75) < 0.001
Total score Total score 0.79 (0.69–0.86) 

For abbreviations, see Tables 2 and 3.

Table 3. Internal consistency and test-retest reproducibility of the 
BrQ and SRS-22r domains (57 patients) 

 Internal Test-retest 
 consistency reproducibility
Domain (n) Cronbach’s α (CI) ICC (CI)

BrQ total  0.91 (0.85–0.94) 
 General health 
    perception (2) 0.35 (–0.02–0.58) 0.67 (0.50–0.79)
 Physical functioning (7) 0.55 (0.38–0.69) 0.82 (0.71–0.89)
 Emotional functioning (5) 0.80 (0.72–0.86) 0.79 (0.67–0.87)
 Self-esteem and 
    aesthetics (2) 0.89 (0.82–0.93) 0.62 (0.43–0.76)
 Vitality (2) 0.70 (0.53–0.81) 0.79 (0.67–0.87)
 School activity (3) 0.59 (0.40–0.72) 0.72 (0.57–0.82)
 Bodily pain (6) 0.78 (0.69–0.85) 0.86 (0.78–0.92)
 Social functioning (7) 0.78 (0.69–0.84) 0.80 (0.69–0.88)
SRS-22r total  0.87 (0.79–0.92)
 Function (5) 0.64 (0.50–0.75) 0.74 (0.60–0.84)
 Pain (5) 0.80 (0.73–0.86) 0.77 (0.64–0.86)
 Self-image (5) 0.79 (0.70–0.85) 0.85 (0.75–0.91)
 Mental health (5) 0.85 (0.80–0.90) 0.77 (0.64–0.86)
 Satisfaction/dissatisfaction 
    with management (2) 0.57 (0.33–0.72) 0.64 (0.45–0.77)

For abbreviations, see Table 2.
ICC = interclass correlation coefficient; CI = 95% confidence interval
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[7,9,11,12,14]. For the overall BrQ score, no floor or ceiling 
effects were observed. Although the average time between the 
first and second measurement was relatively long (28 days, 
SD 17), the test–retest reproducibility was excellent for the 
overall BrQ score (ICC 0.91), which was also comparable 
with the literature [10,12-14]. 

Clinical implications
As the generally low compliance rates during brace treatment 
of AIS remain a challenge for healthcare professionals, fur-
ther knowledge regarding the impact of brace wear and the 
effect of new brace modifications or brace-related interven-
tions on different HRQOL domains could lead to new insights 
for better brace compliance. The SRS-22r assesses the overall 
HRQOL of AIS patients but does not contain a specific item 
on the influence of brace therapy on HRQOL. The results of 
this study prove that the BrQ can be used reliably in the Dutch 
population group. Overall, the BrQ and SRS-22r question-
naires showed comparable floor and ceiling effects, internal 
consistency, and reproducibility between the 2 questionnaires. 
However, the BrQ contains specific items on the influence of 
the brace treatment on HRQOL. This might help to provide 
better insight into the impact of bracing during clinical moni-
toring of patients. 

It is important to identify those patients undergoing active 
brace treatment who are scoring below the norm, in order to 
provide additional brace adjustments, extra monitoring, and 
proper support of the physician, the parents, and/or a psychol-
ogist in the form of individual sessions or group sessions [21]. 

Limitations
First, the number of patients included in this study (80 
patients) was considered large enough for the validity and 
reliability assessment, as in previous studies [8-15], but not 
large enough to test the discriminative ability of the BrQ. To 
explore the discriminative ability, it might be better to use 
the BrQ at biannual time intervals during the whole bracing 
period in multi-center, long-term longitudinal follow-up stud-
ies, instead of adding more patients, as the impact of brace 
wear for the individual AIS patient can change over time. 
Second, 99% of the patients wore a Boston brace. Differ-
ent types of braces could have a different effect on HRQOL 
scores. Third, the questionnaire is limited in that a significant 
number of the BrQ questions relate to daytime brace wear. 
This questionnaire might therefore be less useful for patients 
wearing nighttime braces. 

Conclusion
The translated and culturally adapted Dutch version of the BrQ 
proved to be a valid and reliable HRQOL measuring instru-
ment for AIS patients undergoing brace treatment. Therefore, 
this instrument is considered useful as a clinical evaluation 
tool for both clinical and research purposes for the Dutch AIS 
group during brace treatment.

Supplementary data
The Dutch Brace Questionnaire is available as Supplementary 
data on the article page, doi: 10.2340/17453674.2023.18492
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