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Translating patient-reported outcome measures (PROMs) can alter the meaning of 
items and undermine the PROM's psychometric properties (quantified as cross-cul-
tural differential item functioning [DIF]). The aim of this paper was to present the 
theoretical background for PROM translation, adaptation, and cross-cultural valida-
tion, and assess how PROMs used in sports medicine research have been translated 
and adapted. We also assessed DIF for the Knee Injury and Osteoarthritis Outcome 
Score (KOOS) across Danish, Norwegian, and Swedish versions. We conducted a 
search in PubMed and Scopus to identify the method of translation, adaptation, and 
validation of PROMs relevant to musculoskeletal research. Additionally, 150 preop-
erative KOOS questionnaires were obtained from the Scandinavian knee ligament 
reconstruction registries, and cross-cultural DIF was evaluated using confirmatory 
factor analysis and Rasch analysis. There were 392 studies identified, describing the 
translation of 61 PROMs. Ninety-four percent were performed with forward-back-
ward technique. Forty-nine percent used cognitive interviews to ensure appropriate 
wording, understandability, and adaptation to the target culture. Only two percent 
were validated according to modern test theory. No study assessed cross-cultural 
DIF. One KOOS subscale showed no cross-cultural DIF, two had DIF with respect 
to some (but not all) items, and thus conversion tables could be constructed, and two 
KOOS subscales could not be pooled. Most PROM translations are of undocumented 
quality, despite the common conclusion that they are valid and reliable. Scores from 
three of five KOOS subscales can be pooled across the Danish, Norwegian, and 
Swedish versions, but two of these must be adjusted for DIF.
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1 |  INTRODUCTION

A common reason for translating and adapting patient-related 
outcome measures (PROMs) from one language to another 
is that a specific PROM is needed for a study but does not 
exist in the local language. If a PROM has been developed 
with help from relevant patient groups, using valid methods, 
so it has content relevance and coverage for the patients in 
the planned study, then this is a good reason to translate and 
adapt the existing PROM instead of developing a new one. 
This is easier and less time-consuming.

In other cases, there is a desire to conduct studies across 
countries, languages, or cultures, for instance in multi-center 
trials involving different countries or trials in countries where 
there is more than one national language. Also, international 
clinical databases need the same outcome measures in all the 
participating countries, so data can be pooled or compared, 
and this includes relevant PROMs. There is an increasing 
need in relation to planning and financing in health policy 
to be able to compare clinical outcomes from different coun-
tries or cultural groups. PROMs are important in this context, 
which emphasizes that measurement must be independent of 
language and culture.

To adapt a PROM to a new language or culture is not 
trivial. Even for languages that are spoken by many people 
globally across different countries, such as Spanish, English, 
and Arabic, the same basic language can have quite varied 
versions, as the habits and cultures of the different countries 
can diverge substantially. The same word or expression can 
carry different connotation and meaning across the different 
countries, or objects can be described by different words in 
the same language, dependent on culture or geography. For 
example, “braces” in the United Kingdom (UK) are called 
“suspenders” in the United States (US), where “braces” are 
used to straighten teeth.

Also, life conditions can be very different within language 
areas, dependent on socioeconomic, religious, and cultural 
conditions and are often very different between countries. 
Therefore, the content of the items in a PROM may not have 
the same meaning or importance when it is translated to a 
new culture.

All these issues create methodological challenges when 
a PROM is translated and adapted to a new language and 
culture.

There are several ways to conduct translation and adap-
tion, and there is evidence that a rigorous and multistep pro-
cedure leads to a better translation and adaption.2

Once a PROM has been translated and adapted, it should 
be confirmed that it measures in the same way (invariantly) 
for all persons. Even within the same language and culture, 
items can function differently dependent on for instance gen-
der or age, and this is called differential item functioning 
(DIF).3,4 This is probably even more pronounced between 

countries and cultures (cross-cultural DIF), for instance do 
Norwegians understand and respond to items in the same 
way as Americans? If results are compared between cultures 
or countries, or if data from several countries are pooled, 
items that have cross-cultural DIF introduce a systematic 
bias that will give respondents in different countries a dif-
ferent score, even though their condition is the same. For ex-
ample, it was demonstrated by comparing results from the 
three Scandinavian knee ligament reconstruction registries 
that Danish patients have significantly lower scores in the 

Case
Three strategies (debridement, microfracture, and no 
treatment) to handle full-thickness lesions of knee 
hyaline cartilage were evaluated by identifying pa-
tients with a knee ligament reconstruction and a car-
tilage lesion in the Norwegian and Swedish National 
Knee Ligament Registries. The outcome two years 
after surgery was the Knee Injury and Osteoarthritis 
Outcome Score (KOOS). Linear regression analyses 
were used to evaluate the effect of debridement and 
microfracture on the domain scores of KOOS1.
No significant effects of debridement were found 
on any of the KOOS subscales at two-year follow-
up compared to no treatment. Microfracture treat-
ment was associated with significantly worse scores 
compared to no treatment at two-year follow-up in 
the KOOS Sport and Recreation and Knee-related 
Quality of Life subscales. For the remaining KOOS 
subscales of Pain, Symptoms, and Activities of 
Daily Living, there were no significant effects of 
microfracture.
It was concluded that microfracture of concomitant 
full-thickness cartilage lesions showed adverse ef-
fects on patient-reported outcomes at two-year fol-
low-up after ACL reconstruction. Debridement of 
concomitant full-thickness cartilage lesions showed 
neither positive nor negative effects on patient-re-
ported outcomes at two-year follow-up after ACL 
reconstruction.1

Comment: The psychometric properties of the 
Norwegian and Swedish versions of KOOS have not 
been compared in a joint data set with individuals 
from both countries, so it is not known, if data from 
the two cohorts can be directly pooled. Whether 
KOOS functions differently across countries can be 
tested in a pooled dataset. If items or scales func-
tion differently between countries, this can often be 
adjusted for by using conversion tables derived from 
pooled data sets.
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KOOS domain “Symptoms” compared to their Norwegian 
and Swedish counterparts, both preoperatively and postop-
eratively.5 Therefore, cross-cultural DIF can be suspected for 
items in this domain.

The presence of cross-cultural DIF is of course most 
important if data from different countries or cultures are 
pooled into one dataset. This is typically done in interna-
tional databases or when national clinical databases are 
pooled, but also randomized multicentre studies and stud-
ies including cohorts in different countries can be affected 
by cross-cultural DIF, like the Delaware-Oslo cohort of 
ACL patients.6,7

1.1 | The theoretical background

In most cases, PROMs are developed in one language and 
culture and then translated and adapted to other languages 
and settings. The most commonly used PROMs in sports 
science were all developed within the Western culture.8 The 
main and most important objective of the translation and 
adaptation process of a PROM across settings is to transfer 
the meaning of each item and construct encompassed in the 
PROM from the original language and culture into another 
language and culture. This involves transfer of the wording 
as well as the relevance of each item.

There are four criteria, which must be considered for the 
translated PROM, as defined by Beaton9:

1. Semantic equivalence, meaning grammatical, and vocab-
ulary equivalence with the original PROM. Ambiguous 
wordings are avoided (ie, the translated words must 
have one meaning and be understandable to everyone).

2. Idiomatic equivalence. Some expressions are idioms, 
meaning that the words themselves give no under-
standing of the expression. An example is “feeling 
downhearted and blue” (from Short Form 36 (SF-36)). 
Idioms must be reworked beyond translation, but for 
some idioms, there is no equivalent expression in target 
languages.

3. Experiential equivalence, meaning that some activities 
are not the same in the local setting and must be replaced 
by something equivalent. An example is that skiing was 
replaced by surfing in the translation of a PROM from 
American English to Brazilian Portuguese.10

4. Conceptual equivalence, meaning that specific concepts 
(for instance “family,” “work,” and “leisure time”) may 
have very different meanings in different cultures, which 
can result in different answers.

It is generally recommended that questionnaires can be 
understood by the equivalent of a 12 year old (Grade 6 read-
ing level),9 but the importance of this is of course dependent 

on the target population and its educational level. This can be 
a problem in countries, where a larger proportion of inhabi-
tants do not have an educational level past Grade 6.

1.1.1 | Translation and cultural adaption

The first part of the process to translate a PROM into a local 
language is of course to translate the wording of the items and 
the instruction. The two most accepted methods are some-
what different: forward-backward translation and dual-panel 
translation. The steps are described in Boxes S1 and S2.

Of the two methods, the most frequently used is for-
ward-backward translation, described in detail by Beaton.9 
With this method, the translation is sometimes performed by 
linguistic experts (eg, professional translators) or healthcare 
professionals, and thus, there is a risk that the wording will 
not be in common lay language and thereby has suboptimal 
meaning or readability for the majority of the general popula-
tion. This can only be addressed by conducting some kind of 
cognitive interviewing or field test of the understandability of 
the wording after the forward-backward translation has been 
conducted to ensure that meaning is not lost and that the trans-
lated version of the PROM is understandable for lay people.9 
As PROMs in most cases are completed by laypersons who 
are patients, cognitive interviewing regarding the wording 
should primarily be performed with laypersons. Healthcare 
professionals tend to use professional phrases, and patients 
tend to focus more on their disease(s) and thereby the subject 
matter in the PROM than on the actual language, meaning, 
and understandability, and neither of these groups are opti-
mal for cognitive testing of the wording (the language).

However, patients with the condition that the PROM is 
meant to cover can participate in cognitive testing of the un-
derstandability of the translated PROM—does the wording 
make sense for the subjective understanding of the condition? 
This can be necessary, as a translation by professional trans-
lators can be linguistically correct, but not meaningful for 
the target group. This means that after the forward-backward 
translation has been carried out, the PROM needs to be field-
tested through cognitive interviews for understandability, 
and, if necessary, modified.

Conversely, the main purpose of the dual-panel transla-
tion and adaptation method is to ensure the quality of the 
translation during the translation process itself11 (Box  S2). 
The primary translation is made in a group of bilingual per-
sons, and the wording is discussed (and possibly modified) 
until the group agrees that meaning of the wording in the 
original version is covered in the translated version. The sec-
ond panel includes a lay panel of 3-5 local persons, who in 
plenum can discuss the wording and modify the items that 
have been proposed by the first bilingual panel. So, if the 
dual-panel method is used, it is not necessary additionally to 
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test the translated version for wording or understandability, as 
this is already part of the method.

Preferably, the researcher involved in developing the orig-
inal PROM can be part of the entire translation and adapta-
tion process and help ensure that the meaning of the items 
and constructs are kept in the translation process across the 
settings.11

1.1.2 | Assessing the psychometric 
properties of the translated PROM

Regardless of which translation and adaptation method is 
used, an equally important aspect is to conduct psychometric 
analyses to confirm the construct validity of the PROM scales 
in the new setting and ideally whether there is DIF across the 
settings (ie, across the two versions).4 Does the PROM meas-
ure the same single construct, or multiple constructs, in both 
settings, and do people in both settings interpret the items 
in the same way? Language DIF is in particular important 
to consider when comparing data and results from different 
countries, for instance in relation to publications of combined 
data from several countries (eg, from National clinical da-
tabases such as knee ligament reconstruction registries, and 
arthroplasty registries). However, when psychometric prop-
erties are tested, it is usually only performed on data col-
lected from one country, and thus, cross-cultural analyses 
of the psychometric properties between the original and the 
translated measure are not addressed.4 This is suboptimal if 
results are compared between countries. When PROM data 
are analyzed in pooled data sets with data from more than 
one country, simple adjusting for the effect of country in a 
regression model is not sufficient. Consider the following 
analogy: A multi-center study measures the primary outcome 
as changes in temperature. Some centers use Celsius while 
others use Fahrenheit. Adding an effect of country in your 
regression model will not yield a correct analysis. However, 
knowing how to translate from one temperature scale to the 
other will enable you to do a valid analysis. Therefore, con-
version tables are required.

The optimal procedure of cross-cultural analysis is to 
evaluate validity in each language version separately and 
subsequently pool collected data and assess measurement in-
variance and DIF relative to language for each domain score 
in the pooled data set. In this way, it is possible to reveal 
whether persons with the same overall score on the remain-
ing items systematically give different responses to the item 
being tested. If the difference in mean item scores for an item 
with DIF for the pooled scores (ie, the combined data) is uni-
form along the scale (as measured by the total score), then 
this difference can be adjusted across the settings, so long as 
fit to a measurement model is maintained.3 If this is the case, 
the item displays DIF across country, language, and culture. 

Once DIF has been identified, it can be compensated for using 
conversion tables, when data are reported. Measurement in-
variance can be tested using multiple groups confirmatory 
factor analysis (CFA),12 while DIF is most easily tested using 
item response theory (IRT). DIF can best be explained using 
the item location. For example, in a scale that measures the 
impact of knee function on quality of life, an item that as-
sesses whether the respondent is able to go cross-country ski-
ing would have a different location (ie, level of difficulty on 
the scale) for Swedes and Norwegians (who have a long tra-
dition for skiing regularly) compared to Danes (who mainly 
go skiing during vacations). It would be expected that a small 
proportion of Danish respondents, but a larger proportion of 
Swedes and Norwegians, would report this to have an im-
pact on health-related quality of life. Since the ordering of 
all items in terms of level of difficulty included in a scale can 
be determined using IRT models, this provides a way to test 
items in scales for DIF in relation to country, language, and 
culture.3 Such analyses for unidimensionality and DIF can 
provide robust evidence that the same constructs are actu-
ally measured in the same way across different borders and 
that this is done invariantly.3 Results of PROM scores that are 
pooled from several countries can be different, dependent on 
whether DIF has been compensated for or not.

1.2 | Hypotheses and aims

It is stated in most articles reporting translation and adap-
tion of a PROM that it was found to be a valid and reliable 
measurement tool in the translated version. However, it is not 
known to which extent translation, adaptation, and validation 
of versions in languages other than the original PROMs in 
sports in fact has been performed optimally. It was hypoth-
esized that for a majority of PROMs used in sports research 
optimal methods had not been employed in the adaptation 
and validation of translated versions. Furthermore, it was 
hypothesized that calculation of local DIF and cross-cultural 
DIF was generally not performed.

In relation to the Scandinavian knee ligament reconstruc-
tion registries, it can be relevant to pool data from the three 
countries (Norway, Sweden, and Denmark). However, it has 
never been assessed whether there is cross-cultural DIF for 
the main outcome, KOOS. It was hypothesized that there may 
be cross-cultural DIF between the local Scandinavian ver-
sions of KOOS and that this can be compensated for, when 
pooled data are reported.

The aims were therefore twofold:

1. To study how translation, adaptation, and validation were 
performed in the local versions of the most commonly 
used and relevant PROMs in Sports. These comprised 
61 PROMs which had been identified from searches 
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in PubMed 2011-2020, being either commonly used 
(more than three times during this time period), used 
in randomized studies on musculoskeletal conditions or 
being the only PROM for a specific musculoskeletal 
condition of relevance. Translated versions of these 61 
PROMs were searched for in PubMed and Scopus. This 
is described in detail elsewhere.8

2. To assess cross-cultural DIF in the questionnaire KOOS 
between Denmark, Sweden, and Norway.

2 |  METHODS

2.1 | Aim 1

All published translated versions of the 61 PROMs that were 
identified in8 were analyzed.

The quality indicators for translation and adaptation of a 
PROM for use in another country, language, or culture were 
defined by three components:

1. Translation and adaptation: Has the meaning of the 
items and constructs in the PROM been adequately 
transferred from the original language and culture to 
the other language and culture?

2. Validation of the construct of the translated scale: Has 
a test of unidimensionality and DIF of the scale(s), opti-
mally using IRT models, been conducted?

3. Functioning of the translated PROM compared to the origi-
nal version: Has a test of item ordering in scale(s), using IRT 
models, been conducted, both separately for the countries 
and with the data from the different countries combined (ie, 
are the ordering and locations consistent across countries)? 
Has a cross-cultural DIF analysis been conducted with data 
from the different countries combined?

Validation of the construct(s) was not included in the anal-
yses for this study, as this has been assessed elsewhere.8 Also, 
assessment of development of the original version has been 
covered in.8

Details of the analyses are supplied in the supplementary 
materials (“Details of recorded information”).

2.2 | Aim 2

To assess cross-cultural DIF for KOOS in Denmark, Norway, 
and Sweden, data from questionnaires completed preoperatively 
were obtained from National knee ligament reconstruction reg-
istries in each country. From each registry responses from 75 
women and 75 men, aged 18-37 years, between 2016 and 2018 
where included. Validity was evaluated using CFA and Rasch 
models and the hypothesis of measurement invariance that the 

latent variables are understood and measured in the same way 
across countries,13 and absence of cross-cultural DIF was tested 
using multiple groups CFA by the latest available guidelines14 
and graphical Rasch models.15 The R package lavaan16 and the 
software package DIGRAM17 were used.

For all subscales, the following analyses were considered: 
First, validity in each country was assessed using CFA and 
Rasch analysis, controlling the type I error rate using the false 
discovery rate.18 Second, the fit of a multiple groups CFA 
models with configural invariance and of graphical Rasch 
models were evaluated.

For subscales where these basic validity requirements 
were met, multiple group CFA models and graphical Rasch 
models with invariance were fitted. Subscales where these 
restricted models fitted were categorized as having measure-
ment invariance and no DIF. For subscales where this was not 
the case, models with partial invariance were applied to iden-
tify items with DIF. Model fit is evaluated using chi-square 
test for CFA models and Andersens conditional likelihood 
ratio test for Rasch models.19

For subscales where models with partial invariance could 
be fitted to the data, conversion tables are reported.

3 |  RESULTS

3.1 | Aim 1

3.1.1 | Translation

Of the analyzed 392 PROM studies, direct translation by 
the researcher, with no formal procedure to secure quality, 
had been performed in 16. In 368 PROM studies (94%), the 
forward-backward method was used, and one study used the 
dual-panel method (Tables S1-S9). In 6 cases, the method of 
translation had not been described.

3.1.2 | Language adaption

Among the 391 PROMs that had not been translated by the 
dual-panel method, wording had been discussed through indi-
vidual interviews in 192 (49%) (Tables S1-S9). In 120 cases 
(31%), the understandability was tested by analyses of filled 
out questionnaires but without interviews. In 61, the wording 
had not been discussed and in 16 it was not described if word-
ing had been discussed.

3.1.3 | Content adaption

In 291 (74%) of the translated PROMs, patients had been 
involved in testing relevance and understandability, while 
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this was not the case in 80 and not described in 19 cases 
(Tables S1-S9). In 194 cases (49%), the pre-version of the 
PROM had been modified after testing, while no changes had 
been applied in 168 cases.

3.1.4 | Unidimensionality

In 11 cases (3%), unidimensionality had been assessed for the 
translated version, in no cases for the original and the trans-
lated versions individually, and in no cases for the pooled 
data set (Tables S1-S9).

3.1.5 | Cross-cultural DIF

DIF had not been assessed for the local PROM in any case. 
Cross-cultural DIF had been assessed in one case (for The 
Western Ontario and McMaster Universities Osteoarthritis 
Index [WOMAC]) but not in relation to translation 
(Tables S1-S9).

3.2 | Aim 2

Fit indices for models where no items were restricted to be 
equal across countries (sometimes called “configural in-
variance” models) showed poor fit for all subscales except 
Quality of Life (QoL) (results not shown). Adjustment for 
multiple testing (five subscales in three countries using two 
different methods yielding 30 statistical tests) was used. 
Additional analyses using models with correlated error 
terms/local response dependence showed adequate fit for all 
subscales except Activities of Daily Living (ADL). No model 
with correlated error terms/local response dependence fitted 
this subscale.

Since there is no point in evaluating cross-cultural va-
lidity when there is no evidence of validity in any of the 
three countries, the question of cross-cultural validity was 
addressed for the four other subscales only. Fit indices for 

multiple group analyses for these are reported in Table 2. For 
the ADL subscale that did not meet validity requirements in 
any of the countries, evaluation of cross-cultural validity was 
meaningless.

Fit indices for models where no items were restricted to 
be equal across countries (sometimes called “configural in-
variance” models) showed adequate fit for the QoL subscale 
only (results not shown). Including local dependence (cor-
related error terms) yielded models with adequate fit (results 
not shown).

Fit indices for models where all items were restricted to 
be equal across countries (sometimes called “scalar invari-
ance” models) showed adequate fit for the QoL subscale only 
(results not shown). For the three subscales Pain, Symptoms, 
and Sport, we used multiple groups CFA and graphical Rasch 
models in an attempt to identify models where some, but not 
all items were restricted to be equal across countries (some-
times called “partial invariance” models). The items, which 
are not restricted, are the items that have cross-country DIF. 
For the Pain subscale, the items P2 and P7 showed DIF, for 
the Symptoms subscale all items showed DIF, and for the 
Sport subscale the item Sp4 showed DIF (Table  1). This 
means that for the Pain subscale and the Sport subscale con-
version tables can be constructed (Table 2).

In summary, the assessment of cross-cultural DIF across 
Denmark, Norway, and Sweden for the KOOS subscales 
yielded different results for the five subscales. The ADL 
subscale did not show construct validity in any of the three 
countries, making evaluation of cross-cultural validity mean-
ingless. The Symptoms subscale was valid in all countries, 
but all items displayed evidence of DIF. As no items are on 
the same metric for this domain, translation from the metric 
of one country to the metric of another country is not possi-
ble. The Pain and Sport subscales were valid in all countries, 
but they had DIF with respect to some (but not all) items. As 
the items in these two domains without DIF are on the same 
metric, translation from the metric of one country to the met-
ric of another country can be based on these, and conversion 
tables could be constructed. The QoL subscale was valid in 
all countries with no evidence of DIF, and therefore, scores 

KOOS subscale
DIF 
items

CFA validation Rasch validation

Chi-
square DF P

Chi-
square DF P

Pain P2, P7 109.5 89 .070 129.5 106 .0602

Symptoms All

Sport Sp4 31.8 31 .425 91.3 71 .0529

QoL None 20.0 20 .459 28.0 20 .1098

Note: All models include local dependence/correlated error terms. For the Symptoms subscale, no differential 
item functioning (DIF) equating was possible because all items showed DIF. CFA, Confirmatory factor 
analysis; KOOS, the Knee injury and Osteoarthritis Outcome Score.

T A B L E  1  Evaluation of models with 
partial invariance
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from this subscale for the different countries can be pooled 
with no conversion.

The conversion table (Table  2) can be used to translate 
KOOS scores of the Pain and Sport subscales from one 
country to the metric of the corresponding KOOS subscales 
score in the other two of the three Scandinavian countries. 
For example, a Danish patient scoring (2,3,3,1,2) on the five 
items in the Sport subscale has a score of 50 for the sub-
scale (the mean item score is divided by four and the result is 
transformed linearly to a zero to 100 scale, 100 indicating no 
problems and 0 indicates extreme problems, according to the 
instructions for KOOS). If the score from this patient is com-
pared to or pooled with scores from Norwegians or Swedes, 
the score must be translated to 48.2 and 48.3, respectively. In 
a pooled dataset from all the three Scandinavian countries, 

one country is chosen as reference, and scores from the two 
other countries are transformed according to Table 2 before 
they are pooled.

4 |  DISCUSSION

4.1 | Aim 1

This study showed that almost all of PROMs had been trans-
lated by the forward-backward method based on the instruc-
tions described by Beaton et al in 2000,9 to which almost all 
authors referred. About half of the translations had followed 
the instructions regarding translation and cultural adaption in 
detail, which is better than hypothesized. However, for the 

KOOS pain subscale KOOS sport subscale

Denmark Norway Sweden Denmark Norway Sweden

0.0 0.0 0.0 0 0.0 0.0

3.7 3.8 2.3 5 5.0 5.3

7.4 7.6 5.2 10 9.8 10.4

11.1 11.2 8.8 15 14.5 15.4

14.8 14.8 12.8 20 19.2 20.3

18.5 18.3 16.9 25 24.0 25.1

22.2 21.7 21.1 30 28.8 29.9

25.9 25.2 25.3 35 33.6 34.6

29.6 28.6 29.5 40 38.5 39.2

33.3 32.1 33.8 45 43.4 43.8

37.0 35.7 38.0 50 48.2 48.3

40.7 39.3 42.1 55 53.1 52.8

44.4 42.9 46.1 60 57.8 57.3

48.1 46.6 49.9 65 62.6 62.0

51.9 50.3 53.6 70 67.5 66.9

55.6 54.0 57.2 75 72.5 72.3

59.3 57.7 60.8 80 77.7 77.8

63.0 61.4 64.3 85 82.9 83.4

66.7 65.0 67.7 90 88.1 88.8

70.4 68.6 71.1 95 93.2 94.1

74.1 72.2 74.4 100 100.0 100.0

77.8 75.7 77.7

81.5 79.2 80.9

85.2 82.7 84.2

88.9 86.4 87.6

92.6 90.4 91.2

96.3 94.9 95.3

100.0 100.0 100.0

T A B L E  2  Conversion tables for 
adjusting for cross-cultural differential item 
functioning (DIF)
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vast majority construct validity had not been assessed by the 
most adequate methods (modern test theory models), which 
reduces confidence in the measurement properties.

This shows that the conclusion in most of the 392 man-
uscripts: “The translated PROM is a valid and reliable mea-
surement tool” would not necessarily be correct, if thorough 
translation, adaptation, and validation had actually been per-
formed by optimal methods. The better methods, the higher 
risk there is to find that the PROM is not reliable and valid. 
Therefore, instead of referring to the conclusion in the trans-
lation-manuscript when the choice of PROM for a study is 
argued for, authors should describe the methods that had been 
used for translation, adaption, and validation and search lit-
erature for additional assessments. There are several exam-
ples of translations, which have been assessed as reliable and 
valid using classical test theory methods only, that have been 
shown not to be valid when tested using modern test theory—
and this should of course be accounted for in the study article.

A surprising but potentially serious problem that this 
study has identified is that for several PROMs that had been 
developed in patient populations with a mother tongue which 
was not English, an English version of the questionnaire was 
published with the development article, but with no docu-
mentation that it had been translated through any controlled 
process or been adapted in an English speaking country. As 
these English versions have been basis for the majority of 
other translations of these PROMs, the validity of the trans-
lated versions can, in principle, be questioned. This is the 
case for the Copenhagen Hip and Groin Outcome Score 
(HAGOS), the Foot and Ankle Outcome Score (FAOS), and 
The Achilles Tendon Total Rupture Score. The 5 domains in 
KOOS and the Hip dysfunction and Osteoarthritis Outcome 
Score (HOOS) consist of 3 domains from the WOMAC, 
which were developed in a community of Canadian-English 
speaking patients, and 2 domains that were developed in a 
Swedish speaking population, but there is no documentation 
that WOMAC had been thoroughly translated to Swedish or 
the two other domains had been thoroughly translated into 
English. KOOS and HOOS were originally validated in a 
community of Swedish speaking patients. This means that 
there is no documented validity of the English versions of 
KOOS and HOOS, and the Swedish version is questionable, 
as the process of translation to Swedish of 3 of 5 domains 
has not been documented. KOOS-Child was developed in a 
Swedish speaking community, and there is no documenta-
tion that the English version is based on a thorough transla-
tional and cultural adaptation process. The Achilles Tendon 
Total Rupture Score was also developed in Swedish, but how 
translation into the English version that was published in the 
development article had been performed is not documented. 
Nine of the 12 translations of this PROM have been made 
from the English version. The Forgotten Joint Score was de-
veloped and validated in a German speaking community, but 

the English version (from which 5 of 7 translations have been 
made) has not been documented. The Kujala Score (Anterior 
Knee Pain Scale) was developed in a Finnish setting, but 
there is no documentation of the translation to English (from 
which 9 of 10 translations were made). The Lysholm score 
was developed in Swedish, and it is not documented how 
it was translated into English (from which 4 of 6 published 
translations were made).

In addition to the translations that were identified for this 
study through academic search strings, there is a large num-
ber of translated versions, which have either not been doc-
umented or have only been published in gray literature. As 
an example, there are 51 versions of KOOS, 14 versions of 
HAGOS, 25 versions of HOOS, 17 of FAOS, and 7 versions 
of KOOS-Child available (as of January 1, 2020) from www.
koos.nu, whereas the respective numbers of identified, pub-
lished translations are 19, 4, 13, 11, and 2. This shows that it 
is essential that reports on translation and adaption are actu-
ally peer reviewed and published.

It is rare that a PROM is developed simultaneously in 
different languages and settings. This has been described for 
KOOS, KOOS-Child, and the Functional Assessment Scale 
for Acute Hamstring Injuries (FASH). The latter was devel-
oped in a Greek community and translated into German and 
French by the forward-backward method.20 Even though the 
process is not described in all details, this has resulted in three 
valid PROMs. However, it is not a simultaneous development 
as only Greek patients participated in the development of 
items. KOOS is a mixture of subscales that were developed 
in Canada (3 domains) and in Sweden (2 domains) but not 
simultaneously. So, there are no examples related to muscu-
loskeletal conditions of PROMs developed simultaneously in 
difference countries or cultures. This would be an optimal 
method to develop PROMs for patients with rare diseases, 
for instance children with ACL-rupture, as it is difficult to 
involve enough patients for development in one country.

A very thorough guide to forward-backward translation 
and cultural adaption is available in Wild D et al.21

4.2 | Aim 2

When PROM data combined from several countries are pub-
lished, it is a general measure of quality to know, if there 
is cross-cultural DIF, and if there is, that this DIF is cor-
rected for, before data are pooled. This was first suggested 
in 2004,22 but it has not been assessed for PROMs that are 
relevant for musculoskeletal research.

For KOOS, this study showed that data can be pooled 
from 1 of the 5 subscales without conversion and for 2 sub-
scales if scores are corrected for cross-country DIF by con-
version. For 2 subscales, pooling of data is not meaningful. 
This is relevant when data from National clinical databases 

http://www.koos.nu
http://www.koos.nu


   | 9KROGSGAARD et Al.

from several countries are published, or when data from stud-
ies in different countries are pooled. There are no examples 
within sports research where cross-country DIF has been 
considered in studies where results from several language 
areas are represented. For observational studies compar-
ing different conditions or treatments (like the study in the 
opening case of this article), the error that cross-country DIF 
can introduce depends on the distribution of the conditions/
treatments between countries. If for instance one treatment 
is tradition in one country and another treatment in the sec-
ond country, comparison of the treatment results is affected 
by cross-country DIF. For randomized, controlled studies, 
where allocation to treatment arms is made separately in each 
country, the means of outcome in the two treatment arm are 
affected equally by a cross-country DIF, but the variation in 
the pooled data might increase, if cross-country DIF is not 
compensated for. If, however, allocation is made for the com-
plete cohort, treatments may not be distributed evenly in each 
country, and a cross-country DIF may affect the mean of the 
outcomes and thereby the assessment of a possible difference 
in outcome of the two treatments. This could be the case for 
an international multicentre study with a central computer for 
allocation.

5 |  CONCLUSION

About half of the PROMs were translated and adapted by 
accepted methods. However, the vast majority of translated 
PROMs have not been validated optimally and are therefore 
of questionable quality, despite the common individual con-
clusion of the actual PROM being a valid and reliable meas-
urement tool. There is differential item functioning (DIF) 
between Denmark, Norway, and Sweden in relation to many 
items of KOOS, meaning that if data are pooled or compared 
between countries, this should be corrected for. For two sub-
scales of KOOS, pooled data are not meaningful.

6 |  PERSPECTIVES

Ideally, all translated and adapted PROMs should be pro-
duced according to standard principles, and in cases where 
this has not been done, it can be considered to re-translate the 
PROM. It can be considered for PROMs that have not been 
validated by modern test theory model methods to re-vali-
date, for instance by use of already existing data. The meth-
ods for translation, adaption, and validation should always 
be described in detail, when results obtained by translated 
PROMs are published, and if optimal methods have not been 
used, the implications for the results should be discussed. 
If PROM scores from different countries are compared or 
pooled, it should be known whether there is cross-country 

DIF, and this can be assessed during the process of transla-
tion and cultural adaption. Data should be converted before 
pooling, if there is cross-country DIF.
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