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ABSTRACT      
BACKGROUND: Adolescent idiopathic scoliosis and its treatments can severely impact health-related quality of life. The Italian Spine Youth 
Quality of Life (ISYQOL) questionnaire, initially developed in Italian and tested on Italian people, was created to measure quality of life in 
young persons with spine changes. ISYQOL was created using the Rasch analysis, a modern psychometric technique for questionnaires’ assess-
ment and development, which showed that the ordinal scores of the ISYQOL Italian version provide sound quality of life measures.
AIM: The current work aims to evaluate the cross-cultural equivalence of the ISYQOL questionnaire in seven different countries.
DESIGN: Cross-sectional, international, multi-centre study.
SETTING: Outpatient clinic.
POPULATION: Five hundred fifty persons with adolescent idiopathic scoliosis from English Canada, French Canada, Greece, Italy, Spain, 
Poland, and Türkiye.
METHODS: The ISYQOL Italian version was translated into six languages with the forward-backwards procedure. The conceptual equivalence 
of the items’ content was verified, and any inconsistency was resolved by consensus. The Rasch analysis was used here to evaluate that ISYQOL 
translations retained the good measurement properties of the Italian version of the questionnaire. In addition, the Differential Item Functioning 
(DIF) was checked to assess the psychometric equivalence of the ISYQOL items in patients from different countries.
RESULTS: Four items of the translated ISYQOL were dropped from the questionnaire since they did not contribute to measuring due to their poor fit to 
the model of Rasch. Seven items were affected by DIF for nationality, a finding pointing out that these items do not work the same (i.e. are not equiva-
lent) in the different countries. Thanks to the Rasch analysis, the DIF for nationality was amended, and ISYQOL International was eventually obtained.
CONCLUSIONS: ISYQOL International returns interval quality of life measures in people with adolescent idiopathic scoliosis with high cross-
cultural equivalence in the tested countries.
CLINICAL REHABILITATION IMPACT: Rigorous testing showed that ISYQOL International ordinal scores return quality of life measures 
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characteristics make a questionnaire in agreement with the 
Rasch analysis similar to the measuring instruments of 
physics (e.g. thermometers).

Compared to the Scoliosis Research Society 22, ISY-
QOL showed better psychometric properties such as bet-
ter known-groups validity and can detect determinants of 
quality of life not demonstrated by the Scoliosis Research 
Society 22, such as the disease severity.12, 13

Several translations of ISYQOL have been pub-
lished.13-19 However, these studies only tested the trans-
lated questionnaire version in a single country. Thus, since 
direct comparison of the different ISYQOL translations is 
still missing, the actual equivalence of the questionnaire 
across other nations remains to be demonstrated. More-
over, in all these studies, psychometric testing was done 
with statistics from classical test theory, which suffers 
some flaws compared to Rasch analysis.

This work aims to assess the ability of ISYQOL to pro-
vide an accurate, cross-culturally equivalent measure of 
the quality of life in young people with idiopathic scolio-
sis from seven different cultures and languages (i.e. Ca-
nadian English, Canadian French, Greek, Italian, Polish, 
Spanish and Turkish). For this purpose, the Rasch analysis 
was used.

Materials and methods

We ran a cross-sectional study with data collected at seven 
specialized scoliosis clinics in six countries: Italy, Canada 
(French and English-speaking regions), Spain, Greece, 
Poland and Türkiye. All participants gave their consent to 
participate in the study, which was approved by the lo-
cal ethical committee of each centre. Listed below are the 
name of the local Ethics Committees and the study’s ap-
proval codes:

•  Canada – English: Health Research Ethics Board, 
University of Alberta, Pro00073569;

•  Canada – French: Sainte-Justine UHC, 2019-2275;
•  Greece: National Commission for Bioethics and Tech-

noethics, 24/10/18, Scientific Council number 02.003;
•  Italy: Comitato Etico Milano Area 2, 215_2022bis;

Adolescent idiopathic scoliosis is a three-dimensional 
change of the spine and trunk that affects up to 3% of 

adolescents, with females more commonly affected than 
males. Scoliosis and its rehabilitation treatments, i.e. brac-
ing and exercise can lead to physical, psychological, and 
social impairments that eventually impact the quality of 
life.1, 2

Scoliosis should be diagnosed early to start appropriate 
monitoring and treatment.3 Therefore, from the patient’s 
perspective, “being involved with” scoliosis can last years; 
as a result, the effects of scoliosis on quality of life can 
also be years long. In addition, poor quality of life because 
of scoliosis can even persist in adulthood.4

Measuring quality of life is thus of the utmost impor-
tance in scoliosis, as stressed by the Physical and Rehabili-
tation Medicine section of the European Union of Medical 
Specialists (UEMS), which recommends regularly moni-
toring scoliosis patient-centred outcomes, including qual-
ity of life measures.5

Several questionnaires have been developed to evaluate 
the quality of life of those with spine changes.6 The Scoli-
osis Research Society 22 questionnaire is the most broadly 
used and has been used and validated in several different 
languages (https://www.srs.org/professionals/online-ed-
ucation-and-resources/patient-outcome-questionnaires). 
However, it has been previously shown that the Scoliosis 
Research Society 22 and its variants suffer poor measure-
ment properties.7-10

Recently, the Italian Spine Youth Quality of Life (ISY-
QOL) questionnaire has been developed.11 ISYQOL is the 
first questionnaire for measuring quality of life in patients 
with spine changes during growth, created using the Rasch 
analysis. Compared to those developed with classical test 
theory (i.e. the traditional set of statistical techniques for 
evaluating the reliability and validity of questionnaires), a 
questionnaire consistent with the Rasch analysis has sev-
eral strengths. Most importantly, i) its (ordinal) score can 
be converted into a genuine (interval) measure, and ii) this 
measure only reflects the quantity of the variable that the 
questionnaire is intended to measure (quality of life, in this 
case), not being distorted by confounding variables. These 

cross-culturally equivalent in English and French Canada, Greece, Italy, Spain, Poland, and Türkiye. A new, psychometrically sound patient-
reported outcome measure is thus available in rehabilitation medicine to measure health-related quality of life in idiopathic scoliosis.
(Cite this article as: Negrini S, Zaina F, Buyukaslan A, Fortin C, Karavidas N, Kotwicki T, et al. Cross-cultural validation of the Italian Spine Youth 
Quality of Life questionnaire: the ISYQOL international. Eur J Phys Rehabil Med 2023;59:364-76. DOI: 10.23736/S1973-9087.23.07586-X)
Key words: Quality of life; Psychometrics; Patient reported outcome measures; Scoliosis.
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Quality of life is conceptualised here as a characteristic 
of a successful person (more is better). Therefore, the in-
terval measure (i.e. the Rasch measure) obtained from the 
ISYQOL total score ranges from 0 to 100%, with 100% 
indicating the full quality of life.11

The cross-cultural adaptation of the ISYQOL question-
naire

The ISYQOL cross-cultural adaptation was articulated 
into five stages, in line with the procedure laid down by.21 
Details on the stages followed by each country are report-
ed in Supplementary Digital Material 1, Supplementary 
Text File 1.

Briefly, translations were made from Italian into Eng-
lish, French, Greek, Polish, Spanish and Turkish according 
to a forward-backwards procedure. Next, a local commit-
tee reviewed, in the case, developed and eventually ap-
proved the prefinal version of the questionnaire, which 
was field-tested in a limited sample of respondents (10 
patients) to check for difficulties and to assess understand-
ability.22, 23

Regarding the forward translation, human translators 
were used for translating ISYQOL into French, Greek, 
Polish, Spanish and Turkish. Instead, the forward transla-
tion into English was supported by a software translator. 
On the contrary, all back translations were done by human 
translators. In addition, ISYQOL developers checked the 
back-translated versions of the questionnaire.

The seven languages versions of the final version of the 
ISYQOL questionnaire are provided in Supplementary 
Digital Material 2, Supplementary Text File 2.

The Rasch analysis of the ISYQOL questionnaire

The Rasch analysis run here (partial credit model) fol-
lowed the same procedure used in previous works,8, 11, 24, 25 
and it is detailed in full in Supplementary Digital Material 
3, Supplementary Text File 3.

The Rasch analysis is an iterative process consisting of 
different steps, assessing separate questionnaire’s psycho-
metric features. Briefly, the following ones were evalu-
ated:

1. categories’ order;
2. items’ fit to the model;
3. dimensionality;
4. differential item functioning;
5. persons’ reliability;
6. items’ map.
As is common in Rasch analysis, if one of these param-

•  Poland: University of Medical Sciences, Poznan, 
983/18;

•  Spain: PR(AG)510/2020;
•  Türkiye: Halic University Ethics Committee, 172-31.
Inclusion criteria for this study were: 1) diagnosis of 

adolescent idiopathic scoliosis;1 2) age 10 to 18 years old; 
3) a frontal x-ray performed in the last six months; and 
4) fluency in the tested language. Patients with idiopathic 
scoliosis under observation, treated with exercises or brac-
ing were eligible. Exclusion criteria were: 1) history of 
spine surgery; 2) history of comorbidities in addition to 
scoliosis; 3) history of torso or lower extremity trauma; or 
4) a positive neurological examination.

The study was undertaken in two phases. The first con-
sisted of the forward-backwards translation of the Italian 
version of the ISQYOL questionnaire (i.e. the original 
one). The second consisted of administering the translated 
questionnaires and their Rasch analysis.

Before the expected consultation/treatment session, pa-
tients completed the ISYQOL without external help. Par-
ents were instructed not to influence their children, and 
a research coordinator (a physician or a physiotherapist) 
was available to clarify questions and collect data.

Five hundred fifty participants were recruited in the cur-
rent study, each contributing with a questionnaire. Regard-
ing the sample size, 250 participants are usually recom-
mended for Rasch analysis. A sample size of >500 partici-
pants returns robust estimates of the item calibrations and 
person measures.20

The ISYQOL questionnaire

ISYQOL consists of 20 questions grouped into two do-
mains. The first 13 are completed by all patients and assess 
the impact of the spine condition on quality of life (spine 
health domain). The following seven are only relevant 
for brace wearers and evaluate bracing effects on quality 
of life (brace domain). Sixteen items investigate wheth-
er scoliosis or bracing causes a particular problem (e.g. 
item 15: “Are you worried that the brace is visible under 
your clothing?”). In addition, four items delineate if posi-
tive thoughts about the disease are present (e.g. Item 13: 
“Despite your back problem, do you live a happy life?”). 
Each question has three answer options (never, sometimes, 
often) scored from 0 to 2, and the total raw score of the 
whole questionnaire ranges from 0 to 40. The total score of 
the spine health domain ranges from 0 to 26. Sound quality 
of life is indicated by “never” and “often” on items inves-
tigating problems (items 1-4, 7-9, 11 and 12) and positive 
thoughts (items 5, 6, 10 and 13), respectively.
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for each item to assess if the difference in the item calibra-
tions is statistically significant in the two groups of par-
ticipants (e.g. boys and girls). The null hypothesis of this 
t-test is “the item has the same calibration for two groups.”

The top-down purification procedure was used to iden-
tify those items that were affected by genuine DIF. Ac-
cording to this procedure, DIF items are deleted one at a 
time, starting with the items with the largest DIF.

More specifically, the items from the primary analysis 
are inspected for DIF. If one or more items are affected by 
DIF, the item with the largest DIF is identified, removed 
from the questionnaire, and a new analysis is run. Again, 
items are inspected for DIF. Thereafter, the item with the 
largest DIF is removed, and the analysis is rerun. This se-
quence is repeated until there is no longer any item with 
DIF. The items remaining after the top-down procedure 
are called “pure items” in the Rasch jargon.

The top-down purification procedure has been proposed 
since it has been shown that real DIF in one item favouring 
one group induces artificial DIF favoring the other group 
in the remaining items.32 Artificial DIF is a “statistical ar-
tefact” caused by the method for detecting DIF.

Top-down purification has been applied in the current 
analysis, according to Lange.33, 34

Differential item functioning for culture and nationality 
is frequent, and thus it was expected for ISYQOL. In align-
ment with the main aim of the current work, we decided to 
correct any differential item functioning for nations by ap-
plying the “split items” procedure.35 Different calibrations 
have been obtained for each item affected by differential 
item functioning, one for each group of participants. For 
example, if an item showed differential item functioning 
for nationality, with (say) Greece different from the whole 
sample, this item was calibrated separately for Greece and 
the remaining nations. In this way, the detrimental effect of 
the differential item functioning on measures is cancelled, 
and the quality of life measures in the first group of pa-
tients (Greek participants, in the current example) is safely 
comparable with those of the second group (the remaining 
nations combined) in future applications of the question-
naire.

In addition to nationality, differential item functioning 
was also tested for age (≤12 vs. >12 years), brace (not 
wearing vs. wearing the brace), disease severity (Cobb’s 
angle ≤30° vs. >30°) and sex (males vs. females). Regard-
ing the brace type, patients received a rigid thoracic lum-
bar sacral orthosis with different hours restrictions (from 
night to full time). Sforzesco and Sibilla braces36 were pre-
scribed to the Italian participants.

eters was unsatisfactory, the procedure was stopped, a so-
lution was sought, and a new analysis ran.

Infit and outfit mean square and z-standardised statistics 
were calculated for each item to evaluate if each of them 
fitted the Rasch model. Mean squares within the 0.6 - 1.4 
range suggest that data departure from the model is rea-
sonable (e.g. not too large),26 and z-standardised statistics 
within -1.96 and 1.96 indicate that this departure is not 
significant.

Dimensionality was tested by running a principal com-
ponent analysis on the models’ residuals. Unidimension-
ality was inferred if the variability taken into account by 
the first principal component (indicated by its eigenvalue) 
is small enough (<2). In the case multidimensionality is 
found, the procedure detailed by Smith27 can be adopted 
to test if this distorts the persons’ measures. Patients’ mea-
sures returned by the items with positive loadings on the 
first principal component are contrasted to those from the 
items with negative loadings. Since the analysis provides 
patients’ measures and the corresponding standard er-
rors,28 it is possible to test for every single person if the 
measurements obtained with the two sets of items are sig-
nificantly different from each other. If the two measures 
are different in<5% of patients, multidimensionality is not 
considered an issue.29

The main aim of the current work was to evaluate if 
ISYQOL provides a measure of quality of life that is 
equivalent across cultures. Therefore, the differential item 
functioning for nationality was tested for each country 
against all countries combined. In other words, we tested 
if the questionnaire’s items work differentially when ad-
ministered to people from different countries. In the Rasch 
analysis, an item is affected by differential item function-
ing for a variable if its calibration is significantly different 
between two groups of participants and >0.5 logits.30

DIF was assessed as customary in WINSTEPS,31 the 
software used here for running the Rasch analysis. First, 
for each of the DIF variables (e.g. gender), items are cali-
brated in the two groups of participants (e.g. boys and 
girls), and items’ calibrations and calibrations standard er-
rors are obtained. Next, the difference between the item 
calibrations in the two groups and the joint standard er-
ror are calculated. Finally, the DIF significance is obtained 
from the t-statistic (equal to the item calibrations differ-
ence/joint standard error) with joint degrees of freedom 
computed according to Welch-Satterthwaite. For large 
degrees of freedom, the t-statistic approximates the unit-
normal deviate (i.e. the z-score).

In plain words, in this DIF analysis, a t-test is calculated 
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Results

Patients’ clinical characteristics are outlined in Table I. As 
expected, most participants were girls and were affected 
by moderate/moderate-severe scoliosis, as defined using 
the SOSORT criteria.1

Age and disease severity (Cobb degrees) were signifi-
cantly different in the different nation samples (Kruskal-
Wallis rank-sum test: χ2=36.2 and 54.0, respectively; df=6, 
P value<0.001). However, despite being significantly dif-
ferent, the age difference was negligible, and the differ-
ence in disease severity was rather small (Table I). In fact, 
the mean age ranged from 13.8 (Poland) to 15.0 years (Ita-
ly) and the mean Cobb degrees from 25.8 (French Canada) 
to 37.3 (Spain).

The proportion of females was not different between na-
tions (Pearson’s χ2: χ2=10.1, df=6, P value=0.122). On the 
contrary, a difference was found in the percentage of pa-
tients wearing a brace (Pearson’s χ2 test: χ2=75.8, df=6, P 
value<0.001). Italy and Poland were the samples with the 
largest proportions of patients with a brace (about 75%), 
while this proportion was the smallest for French Canada 
(about 25%).

Between 2017 and 2019, 550 questionnaires were col-
lected (one questionnaire per person), 250 from Italians 
and 50 from each remaining country. These 550 question-
naires were used for the primary analysis. In addition, a 
complementary analysis was also run on 350 question-
naires, with 50 Italian questionnaires randomly extracted 
from the 250 and 50 questionnaires from each remaining 
country.

Rasch analysis of the ISYQOL questionnaire

Items 5, 6, 10 and 13 of the translated questionnaires 
worked poorly in the Rasch measurement framework. 
In particular, items 5 and 13 showed disordered catego-
ries, with category 2 indicating more quality of life than 

For practical reasons, item splitting was not used to 
solve any differential item functioning found for these 
variables. Instead, similarly to multidimensionality, it was 
tested if differential item functioning severely impacted 
measures. Also in this case, differential item functioning 
can be ignored if <5% of the patient’s measures returned 
by the whole questionnaire (i.e. items with differential 
item functioning included) are significantly different from 
those obtained with a set of pure items (i.e. items free of 
any differential item functioning).30, 33, 34

Two types of DIF are commonly recognized, uniform 
and non-uniform, with the latter indicating an interaction 
between the amount of the measured variable (e.g. quality 
of life) and the DIF class (e.g. gender). For example, non-
uniform DIF is present if an item calibration is different 
between boys and girls with low quality of life, but it is 
not between boys and girls with high quality of life. On the 
contrary, if uniform DIF is found, there is an item calibra-
tion difference between boys and girls, irrespectively of 
their quality-of-life level.

Uniform DIF flags a more substantial malfunctioning of 
the item. However, the study of non-uniform DIF allows 
for a richer DIF analysis. For the sake of simplicity, uni-
form DIF was only looked for in the current work.

Statistical analysis

Rasch analysis was run in WINSTEPS 5.2.5.2.37 R 4.2.038 
was used for additional analyses and graphics. Because 
of the non-normality of residuals, a Kruskal-Wallis Rank-
Sum Test was preferred to regression analyses to compare 
age and disease severity in the different countries. Pear-
son’s χ2 test compared the sex distribution and the number 
of patients with a brace between nationality samples. The 
type 1 error probability (P value) was set at 0.05 except 
for the t-tests calculated for the DIF analysis. In this case, 
0.01 was chosen, as done when multiple differential item 
functioning is tested.33

Table I.—��Participants’ clinical characteristics.
Sample size Age years Females % Severity Cobb degrees Brace %

English Canada 50 13.9 (1.8) 88.0 28.3 (13.3) 42.0
French Canada 50 14.1 (1.6) 80.0 25.8 (13.9) 24.0
Greece 50 13.9 (1.8) 88.0 26.9 (9.2) F 46.0
Italy 250 15.0 (2.0) E G 87.2 32.4 (11.9) F 76.4
Poland 50 13.8 (1.7) I 90.0 33.9 (10.6) F G 76.0
Spain 50 14.2 (2.1) 94.0 37.3 (9.8) E F G 46.0
Türkiye 50 13.9 (1.8) I 98.0 33.8 (7.7) E F G 60.0
Mean (SD) is given for age and disease severity.
%: the percentage of females and patients with a brace is given. Esignificantly different from English Canada; Fdifferent from French Canada; Gdifferent from Greece; 
Idifferent from Italy (Kruskal-Wallis rank-Sum Test followed by the Wilcoxon Rank-Sum Test with Bonferroni correction).
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suggests that, for practical purposes, this small amount of 
multidimensionality can be ignored.

Participants’ reliability was 0.80 (Cronbach’s alpha of 
the total questionnaire score was 0.88). Therefore, ISY-
QOL International can distinguish ~ 3 levels of quality of 
life (e.g. low vs medium vs high) significantly different at 
a single subject level.

A control analysis on a sub-sample of 350 question-
naires with 50 Italian questionnaires randomly chosen 
confirmed these findings (see Supplementary Digital Ma-
terial 4: Supplementary Text File 4).

Differential item functioning of the ISYQOL items: cross-cul-
tural equating of the ISYQOL International questionnaire

Seven items of the ISQYOL International (items 2, 3, 4, 5, 
7, 10 and 12) were corrupted by a large and significant dif-
ferential item functioning for nationality (see Supplemen-
tary Text File 4 for detailed results). Given the primary 
goal of the current study, for each item affected by differ-
ential item functioning for nationality, parallel calibrations 
were calculated.

Differential item functioning was also found for brace 
(items 1 and 2) and sex (items 7, 10, 14 and 16). Making 
alternate forms of the questionnaire that also consider the 
differential item functioning for brace and sex (in addi-
tion to the differential item functioning for nations) would 
be unpractical. Thus, we opted to test the effects of the 
differential item functioning found for brace and sex on 
measures. The measures obtained by the full questionnaire 

category 1 (clearly nonsensical). In addition, item 5 did 
not fit the model (mean square infit=1.65, z-standardized 
infit=6.87; mean square outfit=3.17, z-standardised out-
fit=9.39). After removing items 5 and 13, all the remaining 
items showed ordered categories. However, item 6 did not 
fit the model anymore (mean square outfit=1.45, z-stan-
dardised outfit=2.17), and the fit of item 10 (mean square 
outfit=1.37, z-standardised outfit=5.40) was significantly 
poor and close to the 1.4 mean square rejection threshold. 
The fit of item 10 remained poor (mean square outfit=1.39, 
z-standardised outfit=5.69) also in a subsequent analysis, 
in which items 5, 6 and 13 were removed.

Items 5, 6, 10 and 13 all investigate positive thoughts 
about the spine. Thus, items of this kind would seem to 
work poorly in the translated versions of the questionnaire. 
To simplify as much as possible the final questionnaire, 
all four items investigating positive thoughts (item 10 in-
cluded) were removed.

The 16 remaining items, appropriately renumbered, 
make up the ISYQOL International (Table II) question-
naire. All the items of the ISYQOL International had or-
dered categories and satisfactorily fit the model.

The principal component analysis of the model’s residu-
als showed that the eigenvalue of the first component was 
2.24, which supports the notion that ISYQOL is affected 
by some amount of multidimensionality. However, items 
with positive and those with negative loadings returned 
significantly different measures in only 5.86% (95% CI: 
3.15-9.81%, exact binomial test) of patients. This finding 

Table II.—��ISYQOL International.

N. Item
Categories

0 1 2
1 Are you afraid that your back problem may get worse? □ never □ sometimes □ often
2 Are you worried about having back pain in the future because of your back problem? □ never □ sometimes □ often
3 Do you feel that having your back problem is a big deal? □ never □ sometimes □ often
4 Are you worried that, despite all your efforts to treat your back, it will not get better? □ never □ sometimes □ often
5 Are you suffering because of your back problem? □ never □ sometimes □ often
6 Does the appearance of your back make you feel uncomfortable? □ never □ sometimes □ often
7 Are you worried about your back problem? □ never □ sometimes □ often
8 Does it bother you to show your physical appearance? □ never □ sometimes □ often
9 Are you worried that your back problem is very visible? □ never □ sometimes □ often
10 Do you have to change the way that you dress because of your brace? □ never □ sometimes □ often
11 Are you worried that the brace is visible under your clothing? □ never □ sometimes □ often
12 Do you feel sad that you are unable to do some of the things that you used to do before 

you started wearing your brace?
□ never □ sometimes □ often

13 Do you feel your movements are restricted while wearing your brace? □ never □ sometimes □ often
14 Does wearing your brace ever make you cry? □ never □ sometimes □ often
15 Do you feel excluded by others because you wear your brace? □ never □ sometimes □ often
16 Is wearing your brace uncomfortable? □ never □ sometimes □ often
English version of the ISYQOL International questionnaire. Items 1 – 9 make the Spine-health domain. Categories “never,” “sometimes” and “often” are rated 0, 1 and 
2, respectively. The raw total score (0-32) is obtained by adding item scores. The raw score is then converted to a Rasch score using nation-specific score-to-measure 
conversion tables.
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Discussion

We tested the cross-cultural invariance of ISYQOL, a ques-
tionnaire developed with Rasch analysis to measure health-
related quality of life in those with adolescent idiopathic 
scoliosis. When translated from Italian (i.e. the source lan-
guage) to different languages and tested on patients from 
the corresponding countries (i.e. English Canada, French 
Canada, Greece, Poland, Spain and Türkiye), the ISYQOL 
showed some flaws. However, the Rasch analysis corrected 
these flaws, and the ISYQOL International questionnaire 
is the result. To our knowledge, ISYQOL International is 
the first questionnaire that provides an interval measure of 
quality of life in idiopathic scoliosis that is generalizable 
across different languages and countries.

The process through which ISYQOL International was 
developed starting from the original version of ISYQOL is 
in line with recommendations for cross-cultural adaptation 
of questionnaires, a two-stage process which consists of 
the questionnaire’s translation, followed up with statisti-
cal (i.e. psychometric) testing.21 Both of these stages were 
completed in the current work.

(items with differential item functioning for brace and sex 
included) and those obtained with the set of items with 
no differential item functioning at all for brace and sex 
were not significantly different in any patient. Similar to 
multidimensionality, the differential item functioning for 
brace and sex does not seriously affect measures and can 
be ignored for practical purposes.

None of the 16 ISYQOL items was affected by differen-
tial item functioning for disease severity and patients’ age.

Table III reports the fit to the model of the final version 
of ISYQOL International, and Figure 1 shows its items’ 
map. The multiple calibrations of the items with differen-
tial item functioning for nationality are also given.

The different versions of ISYQOL International (i.e. the 
forms to be administered to people of different nationali-
ties, with and without the brace) are given in Supplementa-
ry Text File 2. The corresponding score-to-measure tables 
are provided in Supplementary Digital Material 5: Supple-
mentary Text File 5 and Supplementary Digital Material 6, 
Supplementary Text File 6. The score to measure table of 
the English version of ISYQOL International is given in 
the main text (Table IV, V).

Table III.—��The fit of the ISYQOL International to the partial credit model.
N. labels calibration SE IN-MNSQ IN-ZSTD OUT-MNSQ OUT-ZSTD
1 Get worse -0.63 0.09 1.09 1.42 1.09 1.37
2 Pain CF -1.14 0.27 1.08 0.50 1.08 0.50
2 Pain -0.01 0.09 1.15 2.44 1.18 2.77
3 Big deal CE 0.09 0.27 0.73 -1.47 0.71 -1.25
3 Big deal CF -0.02 0.28 1.24 1.26 1.17 0.82
3 Big deal 0.99 0.09 0.93 -1.12 0.85 -1.69
4 Efforts GR 0.86 0.28 1.12 0.61 1.42 1.46
4 Efforts 0.00 0.08 1.06 1.01 1.06 0.85
5 Suffering GR -0.75 0.28 0.99 0.03 0.98 -0.03
5 Suffering TR -0.72 0.27 0.96 -0.19 0.93 -0.34
5 Suffering 0.92 0.10 0.88 -1.89 0.84 -1.90
6 Uncomfortable 1.09 0.09 1.00 -0.05 0.88 -1.48
7 Worried PL -1.97 0.29 1.13 0.75 1.21 1.04
7 Worried -0.73 0.09 1.11 1.80 1.09 1.37
8 Physical 0.70 0.08 1.07 1.14 1.14 1.44
9 Visible 0.43 0.08 1.07 1.17 0.98 -0.29
10 Brace dress PL -0.27 0.24 0.90 -0.39 0.77 -0.66
10 Brace dress -1.20 0.10 1.16 2.13 1.20 1.87
11 Brace visible -1.42 0.09 1.18 2.42 1.24 2.15
12 Brace sad TR -1.64 0.34 0.68 -1.38 0.70 -1.19
12 Brace sad -0.12 0.10 0.94 -0.75 0.92 -0.92
13 Brace movements -1.54 0.10 1.16 2.23 1.20 2.36
14 Brace cry 1.17 0.11 1.14 1.66 1.10 0.74
15 Brace excluded 2.37 0.14 1.26 2.23 1.30 1.30
16 Brace uncomfortable -2.10 0.11 1.15 2.05 1.17 1.89
Note the multiple calibrations of the items affected by DIF for nationality (e.g. item 3).
N: item number; SE: standard error; IN-MNSQ: infit mean square; OUT-MNSQ: outfit mean square; IN-ZSTD: infit z-standardised; OUT-ZSTD: outfit z-standardized. 
The item’s content is abbreviated by a keyword (label). CE: Canadian English; CF: Canadian French; GR: Greece; PL: Poland; TR: Türkiye. Items’ calibrations and 
SE are given in logit.
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by the ISYQOL developers, who discussed with the local 
research team any inconsistencies with the source ques-
tionnaire.

The differential item functioning analysis is a powerful 
tool for assessing psychometric equivalence in the cross-
cultural adaptation of questionnaires.40, 41 This assessment 
was run here in the framework of the Rasch analysis. Still, 
it should be pointed out that the differential item function-
ing can also be evaluated without resorting to the model 
of Rasch.42

Seven out of 16 items of ISYQOL international were 
affected by differential item functioning for nationality. 
However, differential item functioning is quite common 
when several cultures are compared,35 and the testing of 
the differential item functioning was substantial herein. 

The final aim of the adaptation process was to reach a full 
equivalence between the original and the new version(s) of 
the questionnaire.21 Full equivalence means that alternate 
versions measure the same variable in the same way (i.e. 
they have the same psychometric properties).

Based on that, the translation should ensure the con-
ceptual equivalence between the different questionnaire 
versions and their semantic equivalence (i.e. equivalence 
in the meaning of the words).21, 39 The conceptual equiva-
lence of the translated items of ISYQOL was checked here 

Figure 1.—Item map of ISYQOL International.
The boxplot at the top summarises the patients’ measures, while the 
graph shows the items’ calibration.
CE: Canadian English; CF: Canadian French; GR: Greece; PL: Poland; 
TR: Türkiye; δ: item’s mean measure. τ: Andrich’s thresholds (the left-
most τ marks the boundary between category 0 and 1, while the right-
most one that between 1 and 2); τ are not shown for “item 10 PL” since 
this is the only item with disordered thresholds. Notably, all items (“item 
10 PL” included) had ordered categories. Patients’ measures and items’ 
calibrations are referred to an interval scale with 1 logit as the measure-
ment unit (i.e. horizontal axis) and centred on 0, i.e. the items’ mean 
calibration. Moving from negative (e.g., -5) to positive (e.g., +5) logit, 
the impact of the disease and its treatments in the patient’s life gets more 
and more disturbing (and thus the patient’s quality of life gets worse 
and worse).

Table IV.—��Conversion table of the raw scores of the ISYQOL In-
ternational (English version) to the Rasch interval measure.
Score Measure (%) SE (%)
0 100.00 15.79
1 88.79 9.13
2 81.52 6.85
3 76.78 5.86
4 73.13 5.27
5 70.09 4.87
6 67.43 4.59
7 65.06 4.37
8 62.87 4.20
9 60.84 4.08
10 58.91 3.98
11 57.07 3.90
12 55.29 3.84
13 53.55 3.80
14 51.85 3.77
15 50.17 3.75
16 48.50 3.75
17 46.83 3.75
18 45.16 3.75
19 43.48 3.77
20 41.78 3.80
21 40.04 3.84
22 38.27 3.89
23 36.43 3.97
24 34.51 4.07
25 32.48 4.21
26 30.29 4.39
27 27.87 4.64
28 25.11 5.01
29 21.81 5.57
30 17.51 6.55
31 10.78 8.86
32 0.00 15.61
Score: total score of the whole questionnaire. Measures: interval measures on 
a scale ranging from 0 to 100, the latter indicating complete quality of life. SE: 
standard error (i.e. an estimate of the uncertainty of the measure). This score-to-
measure conversion table is used by patients wearing a brace, i.e. the patients 
who answered the whole questionnaire (16 items).
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lescent idiopathic scoliosis that can be appropriately and 
safely used across different cultures. For this reason, we 
preferred to use the split items procedure44 to fully com-
pensate for any differential item functioning for national-
ity, irrespective of its size.

By implementing the split items procedure, the Rasch 
analysis offers an advantageous way to amend the lack of 
cross-cultural invariance pointed out by the differential 
item functioning. Therefore, assessing the differential item 
functioning in the Rasch analysis framework identifies the 
problem with the cross-cultural validity of a questionnaire 
and offers a solution to this problem.

Regarding the alternate forms of the score-to-measure 
tables, it is important to stress that these are provided (for 
the different countries) for the spine health domain and the 
entire questionnaire. Thus, ISYQOL International shares a 
real strength with ISYQOL original: they both allow a di-
rect comparison of quality of life in people with and with-
out the brace.11, 12

The conversion of the questionnaire total scores into 
interval measures deserves some additional comments. 
Consider a Canadian patient without the brace who speaks 
English. This patient scores 2 on the Spine-health domain 
of ISYQOL International. From Table V, her measure of 
quality of life is 77.83% (±8.30%) of the maximum quality 
of life detected by the questionnaire. A brace is prescribed 
for this girl, and her quality of life is measured some 
months later. Now she fills out the complete questionnaire, 
and her total score is 8. From Table IV, the corresponding 
quality of life measure is 62.87% (±4.20%). This example 
clearly shows that questionnaire scores are misleading. Af-
ter the brace prescription, the patient’s total score passes 
from 2 to 8, i.e. the problems decreasing the quality of 
life become four times larger. However, the quality of life 
measure only drops from 77.83% to 62.87%.

In addition, it can be shown that the worsening of the 
girl’s quality of life (i.e. 14.96) is not significant. In fact, 
under the null hypothesis that the two measures are the 
same: the difference between the two measures is 77.83-
62.87=14.96; the standard error of the difference is: 
√(8.32+4.22)=9.30 and the 95% confidence interval of the 
difference between the two measures is 14.96±1.96 * 9.30 
(i.e. from -3.27 to 33.19), which includes 0.

From another point of view, the modification of the girl’s 
quality of life is not significant since her Rasch change 
index is<1.96 (Rasch change index: 14.96 / 9.30=1.61).28

It is worth doing another reflection on the conversion 
from the ordinal score to the interval measure. ISYQOL In-
ternational collects the problems caused to patients by the 

Indeed, differential item functioning should always be 
suspected when a questionnaire is translated into different 
languages and administered to people from other countries 
and cultures.

The differential item functioning represents a violation 
of unidimensionality, which is an assumption of mea-
surement and an assumption of the Rasch analysis.43 The 
score of an item affected by differential item functioning 
depends not only on the variable the questionnaire aims 
to measure (e.g. quality of life) but also on a secondary 
variable (e.g. nationality). Of course, quality of life may 
differ for people from two different countries, and thus the 
questionnaires’ scores can be different. The differential 
item functioning points out that the questionnaires scores 
are different in these two persons independently of a dif-
ference in their quality of life level. If this is the case, the 
persons’ scores (and thus their measures) are different, but 
the real value of the variable is not.

If the differential item functioning is present, its impact 
on measurement may be minor from a practical point of 
view. The artefact caused by the differential item function-
ing can be quantified and if it is shown to be minor, the 
differential item functioning can be eventually ignored,30 
which is ultimately how we were able to navigate the 
observed differential item functioning for sex and brace. 
However, the ultimate goal of the current work is to pro-
vide a questionnaire for measuring quality of life in ado-

Table V.—��Score-to-measure conversion table of the Spine health 
domain of the ISYQOL International (English version).
Score Measure (%) SE (%)
0 100.00 18.49
1 86.73 10.82
2 77.83 8.30
3 71.74 7.27
4 66.82 6.69
5 62.52 6.33
6 58.61 6.09
7 54.93 5.93
8 51.42 5.83
9 48.01 5.75
10 44.67 5.72
11 41.34 5.73
12 37.97 5.80
13 34.46 5.97
14 30.66 6.27
15 26.33 6.82
16 20.93 7.87
17 12.75 10.47
18 0.00 18.30
Score: total score of the Spine-health domain of the ISYQOL questionnaire 
(Items 1 to 9). Remaining abbreviations as in Table IV. This score-to-measure 
conversion table is for patients not wearing a brace, who only completed the first 
nine items of the questionnaire (i.e. the Spine-health domain).
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ease and its treatments cause problems to patients, their 
quality of life is decreased. For this reason, our group chose 
to collaborate directly with Italian adolescents with scolio-
sis and kyphosis to identify from their perspective the prob-
lems related to their disease through the use of interviews.11 
Next, a content analysis was run on the participants’ tran-
scripts, and a set of potential questionnaire items emerged. 
Finally, expert clinicians were asked to choose the items 
best suited to measure the quality of life in idiopathic scoli-
osis. It must be stressed that this whole process, which was 
run in Italian and with Italian patients, gives high validity to 
the ISYQOL as a quality of life measurement.45

Biasing the sample size toward Italy ensures that the 
framework in which the measurement of quality of life in 
spinal deformities was initially developed is maintained 
throughout the assessment of the cross-cultural equiva-
lence of the questionnaire (i.e. the DIF analysis). In a 
sense, the comparison is between the translated and the 
Italian versions, with the six translations conforming to 
the source questionnaire. In this “paired” comparison, it 
is noteworthy that the number of Italian questionnaires re-
corded is about as numerous as those completed by the 
remaining countries put together.

In addition, to check that the difference in the sample 
size did not bias the study’s main findings, a complemen-
tary analysis was also run on 350 questionnaires, with a 
sample of 50 questionnaires randomly extracted from the 
250 Italian ones and 50 questionnaires for each of the re-
maining countries. The complete analysis and complemen-
tary returned the same results (Supplementary Text File 4).

It is almost superfluous to stress that assessing the cross-
cultural invariance of questionnaires is of paramount im-
portance. In that regard, it suffices to recall that any pooling 
of data in international studies implicitly assumes that the 
different translations of the questionnaire are equivalent 
in the different cultures.35 Similarly, cross-cultural equiva-
lence is also presumed when studies’ results are pooled at 
a meta-analytic level.46

The current one is not the first study in which a cross-
cultural evaluation of ISYQOL has been provided. Eng-
lish,13 French19 and Polish14 versions of ISYQOL are al-
ready available, and ISYQOL has also been translated into 
languages not tested here, such as Chinese,15 Korean,18 
Persian16 and Arabic.17 According to these works, ISY-
QOL works well in its current form, a conclusion in con-
tradiction with the current analysis findings. The explana-
tion for this can be twofold. First, to our knowledge, this 
is the first study in which several translations were simul-
taneously tested and compared with the original version of 

disease and bracing. The more the problems, the higher the 
total questionnaire score, and the lower the quality of life. 
This relationship still holds when the total questionnaire 
score is converted in the logit measure. The higher (i.e., 
the more positive) the logit measure, the lower the qual-
ity of life, as shown in Figure 1 and Supplementary Text 
File 6. However, we overturned the relationship between 
measures and quality of life, when these are expressed on 
the 0-100 scale. In this case, the higher the measure, the 
better the quality of life. This choice was dictated by the 
fact that quality of life is a positive construct (the higher, 
the better), and we feel more meaningful that a scale aimed 
at measuring quality of life also reflects this. This should 
also be more acceptable in a clinical context. Full quality 
of life is indicated by 100 (out of 100). As the disease and 
bracing cause more and more problems, the measure of 
quality of life is reduced.

In the current analysis, four items of the translated ver-
sion of ISYQOL original poorly fitted the model of Rasch, 
a finding suggesting that their ability actually to contribute 
to measurement should be questioned. We feel that this 
malfunctioning is most likely attributable to linguistic 
rather than cultural reasons.

Items with a poor fit were related to positive thoughts 
about scoliosis. Items of this type were included in the 
questionnaire since it was previously shown that patients 
could also find positive aspects of their disease and back 
condition.11 We believe that these items are too convoluted 
when translated from Italian into different languages.21 
Their phrasing is “too Italian,” and they do not work any-
more in other languages. In addition, the lack of idiomatic 
equivalence21 cannot be completely ruled out. For exam-
ple, item 10 of ISYQOL original contains a colloquialism 
(“non è una tragedia”; in English: “it’s no big deal”). In the 
forward-backwards procedure, equivalent expressions in 
the target languages have been looked for. Still, the chance 
that this item did not retain a similar meaning in the differ-
ent translations remains.

Because of the poor fit to the model and based on this 
reasoning, we ultimately chose to remove them. In so do-
ing, the process required to achieve the questionnaire’s to-
tal score summation procedure was simplified, given that 
the items investigating positive thoughts needed to be re-
coded before being added to the remaining items.11

Regarding sample size, it should be noted that there was 
a clear predominance of Italian questionnaires, which was 
done for a purposeful methodological reason. The ISYQOL 
was developed to measure quality of life in young people 
with spine changes. The questionnaire assumes that if dis-
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al also remains to be tested in different patient populations, 
common in the spine clinic.

For example, further questionnaire testing could be 
done in persons waiting for spinal surgery and with a his-
tory of spinal surgery. Since ISYQOL International does 
not directly ask about surgery-related problems, rightly 
one may ask if this questionnaire is suitable for measuring 
the quality of life in this patient group. However, in the 
Rasch analysis framework, items with very different con-
tent may mark the same level of quality of life. Therefore, 
the quality of life quantity assessed by a hypothetical item 
investigating a surgery-related problem could be already 
probed by one of the ISYQOL International items. Of 
course, despite this theoretical argument, the actual func-
tioning of ISYQOL International should be field-tested 
with dedicated data collection.

Similarly, field testing of ISYQOL International in 
patients with other spine conditions than idiopathic sco-
liosis, such as Scheuermann juvenile kyphosis in the first 
place, remains to be done. In this regard, it is worth not-
ing that the ISYQOL Italian version11 has been developed 
for scoliosis and kyphosis persons. ISYQOL Italy showed 
measurement invariance in these two spine conditions in-
dicating that it provides measures suitable for comparing 
the quality of life in the two primary diagnostic groups of 
idiopathic spine diseases.12 This finding bodes well also 
for ISYQOL International.

In any case, as done before, the DIF analysis would be 
the right tool for studying the stability of ISYQOL Inter-
national in scoliosis and kyphosis as well as in persons 
who had and those who had not had surgery and in other 
contrasts of clinical interest.

Concerning the disease progression and its treatments, 
ISYQOL International’s responsiveness and its measure-
ment properties’ invariance over time should also be eval-
uated.25, 28, 50

Conclusions

ISYQOL International is a 16 items questionnaire (each 
scored in three categories) to measure health-related qual-
ity of life in young people with idiopathic scoliosis. ISY-
QOL International was developed with the Rasch analysis 
starting from the ISYQOL Italian version. Rigorous test-
ing showed that ISYQOL International ordinal scores re-
turn sound quality of life measures. In addition to being 
psychometrically sound, these measures are also cross-
culturally equivalent in English Canada, French Canada, 
Greece, Italy, Spain, Poland, and Türkiye.

the questionnaire. Second, this is the first study that used 
the Rasch analysis, whereas statistics from the classical 
test theory were adopted in previous reports. The different 
results related to the cross-cultural validity of ISYQOL are 
not surprising if the methodological differences between 
item response theory (Rasch analysis included) and classi-
cal test theory are taken into account.47

Regarding the ISYQOL translations and dissemina-
tion, it is also noteworthy that a recent literature review 
endorsed ISYQOL as the appropriate patient-reported out-
come measure for measuring the quality of life of young 
people with idiopathic scoliosis or kyphosis who are under 
medical observation or brace treatment.6

Limitations of the study

We are aware of some of the limitations of our study. 
Firstly, even if we tested the cross-cultural equivalence of 
ISYQOL in seven different countries, the cross-cultural 
equivalence of the questionnaire could still be assessed in 
greater detail. For example, the English version of ISY-
QOL International could be tested on people from the 
United Kingdom or the United States and French on peo-
ple from France. In these cases, the linguistic equivalence 
of ISYQOL International can be reasonably assumed, but 
the cultural one remains to be evaluated.

Regarding the ISYQOL cross-cultural adaptation pro-
cess, one could consider it suboptimal that a software sup-
ported the forward translation from Italian into English. 
However, it has been experimentally shown that while 
fully automated translations from machine translators are 
weak, semi-automated translations (i.e., later reviewed 
and refined by humans, as done here) can be considered 
acceptable. For example, when machine translation is fol-
lowed by human editing, the translation of health docu-
ments is comparable to that obtained with human transla-
tion only.48 Intriguingly, machine translations could even 
have some strengths over human translations. For exam-
ple, they are said to ensure a translation that reflects a wide 
range of translators instead of the experience of two only, 
as is usually done.49

Still, on the subject of the forward translation of a ques-
tionnaire, it should also be stressed that this is only the 
first step of the questionnaire’s cross-cultural adaptation.21 
The forward translation cannot alone ensure or prevent 
equivalence between the translated and the source version. 
Instead, researchers decide equivalence by consensus. To 
this aim, they can (and should) refine the translation as 
needed.

The psychometrics functioning of ISYQOL Internation-
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