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A B S T R A C T

Background: To provide a cross-cultural French adaptation of the Achille’s Tendon Total Rupture Score
(ATRS) and to assess its psychometric performances.
Method: The ATRS questionnaire was first translated and inter-culturally adapted into French according to
international guidelines. Then, 95 subjects were recruited to complete the French version of the ATRS
twice (2 weeks of interval). The SF-36 and VISA-A were used as comparative questionnaires. The
psychometric properties of the questionnaire were evaluated (test-retest reliability, internal consistency,
construct validity, floor/ceiling effects).
Results: Thetest-retest reliability was excellent (ICC of 0,966 (95% CI:0.644–0.879)) and the internal
consistency very high (Cronbach’s alpha of 0,98). The convergent and divergent construct validity were
also confirmed. Finally, none of the subjects obtained the lowest score (0) or the maximal score (100) to
the questionnaire.
Conclusion: A valid and reliable French version of the ATRS is now available.
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1. Introduction

Patient Reported Outcome Measures (PROMs) are self-
reported questionnaires that have become a cornerstone in
evaluating the effectiveness of a treatment and patient’s
satisfaction [1]. In light of this, the Achilles Tendon Rupture
Score (ATRS) has become an important tool in assessing
functional outcomes following interventions among patients
who have suffered from a complete Achilles tendon rupture [2].
The ATRS was first developed in 2007 and is a valid, reliable and
sensitive questionnaire [3]. Originally developed in Swedish [3],
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previous studies performed a cross-cultural adaptation of the
ATRS in various languages (i.e. Polish [4], Greek [5], Norwegian
[1], Chinese [6], Turkish [7], Italian [8], Brazilian Portuguese [9],
Persian [10], Dutch [11], Danish [12], British English [13]). To
date, while French is the fifth most spoken language world-
wide, there is no validated French instrument for measuring
outcomes related to symptoms, function and physical activity
after treatment of Achilles tendon ruptures. To fill this gap in the
literature, the present study aimed to linguistically and cross-
culturally translate the ATRS into French and then to investigate
its psychometric properties. Indeed, validity and reliability are
population-specific and, if an instrument shows satisfactory
properties in one population, there is no guarantee that it is
appropriate for use in a culturally different population. Cross-
cultural adaptation of the ATRS for the French speaking
population is warranted to facilitate comparison among studies
at an international level but also to facilitate future research on
the treatment of Achilles tendon rupture.
ts reserved.
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2. Methods

2.1. French translation and cross-cultural adaptation of the ATRS
questionnaire

The ATRS was translated according to the “Guidelines for the
Process of Cross-Cultural Adaptation of Self-Report Measures”,
following 6 standardized steps, in order to achieve a linguistic and
cultural equivalence between the original version and the
translated version of the questionnaire [14].

� Step 1: initial translation

The first step was to translate the questionnaire from the
original language (English) into the target language (French). Two
bilingual translators (who are not part of the author team), both
native French speakers, both with masters degrees (one of whom is
an expert in the field of health and the other is unexperienced in
this area) provided two independent translations (T1 and T2) of the
original questionnaire.

� Step 2: synthesis of the first two translations

The second step was to combine the results of T1 and T2. Two
translators and a recording observer (i.e. the main investigator)
provide a single “version 1” of the translated questionnaire, taking
into account any difficulties encountered when translating certain
words or expressions.

� Step 3: back translation

The third step was to translate the version 1 back into the
original language, to check that the translated version incorporated
and respected the concepts of the original version. Two indepen-
dent bilingual translators (one who was not part of the author team
and XX), both native English speakers (one in the medical field and
one outside the medical field), blinded to the original version of the
questionnaire performed two independent backwards trans-
lations.

� Step 4: expert committee

The fourth step was to compare the backwards translations with
the original questionnaire, in order to provide a “version 2” of the
translated questionnaire, with semantic, idiomatic, experiential
and conceptual equivalence. The expert committee, composed of
one health professional (XXX), one expert in French language (XXX)
and all the translators met to agree, by consensus, on a “version 2” of
the translated questionnaire. Indeed, the expert committee
discussed the differences observed between the 2 versions of the
questionnaire and reached agreement on the final version.

� Step 5: pre-final version testing

The fifth step was to test, using a group of 44 pathological
subjects, the “version 2” of the questionnaire, to ensure good
comprehension of each question (i.e. subjects understand how to
answer the questionnaire alone) and conclude with a “version 3”,
the final version of the ATRS.

� Step 6: expert committee approval

The last step is the approval of the version 3 of the ATRS-French
(ATRS-F) questionnaire, based on the information gathered from
the previous steps (i.e., no difficulties answering the questionnaire
and no misunderstanding or confusion with any item).
2.2. Psychometric validation of the ATRS-F

A validation phase was mandatory to ensure that the translation
and use of the ATRS-F were reliable and valid. Therefore, an
evaluation of its psychometric performances was carried out.

2.2.1. Study population
Pathological subjects, presenting with a diagnosis of Achilles

tendon rupture, surgically and conservatively (i.e. non-surgically)
treated, were recruited in the Physical Medicine and Rehabilitation
Department of the University Hospital, in XXXXX. Patients surgically
treated were recruited between the 3rd and the 12th month
following their operation. Patients conservatively treated were
recruited between the 3rd month and the 3rd year after their injury.
The inclusion criteria were (1) to have Achilles tendon rupture that is
clinically diagnosed by an orthopedic surgeon, (2) to be aged
between 20 and 70 years old, (3) to speak and understand French.
Bilateral rupture of the Achilles tendon was an exclusion criterion.

Healthy subjects (i.e. not suffering from Achilles tendon
rupture) were recruited in Liège via social media. To be included
in this study, subjects need to be aged between 20 and 70 years old
and have no history of Achilles tendon rupture.

The people who took part in the study were informed of the
objectives pursued and gave their oral consent to participate. After
consultation of our institution’s Ethics Committee, an ethics
approval was not required as per applicable institutional and
national guidelines and the informed consent of the participants
was implied through survey completion. On the other hand, an
informational note on the use and processing of data was attached.

2.2.2. Study organization and instruments
Once the ATRS translation was carried out according to the

international guidelines (Guidelines for the Process of Cross-Cultural
Adaptation of Self-Report Measures), the translated questionnaire was
submitted to all subjects (i.e. surgically and non-surgically treated for
Achillestendonruptureandhealthypopulation)betweenOctober2017
and April 2018. Each subject was asked to answer the ATRS
questionnaire twice, within 2 weeks, in order to evaluate the test-
retest reliability. In addition, all participants in the study were asked to
answer two additional questionnaires, the VISA-A (The Victorian
Institute of Sport Assessment) and the SF-36, validated in French [15].
The used of these additional questionnaires made it possible to
establish correlations between various items that also measure
subjects’ quality of life.

� ATRS
questionnaire

The ATRS is a self-reported questionnaire composed of ten items
that reflects the opinion of patients regarding their symptoms,
limitations in daily activities and physical activities after a complete
rupture of the Achilles tendon. At the end of each question, the
patient is given a scale from 0 to 10, where 0 corresponds to worse
symptoms and greater limitations of physical activity, and 10
indicates no symptoms and limitations. The final score is obtained by
the sum of the answers of each item. The ATRStotal score ranges from
0 to 100, with higher scores equal to less symptoms and limitations
[3,9]. Previous validation studies of the ATRS questionnaire were
performed up to 3 years after the injury. Therefore, the ATRS the
questionnaire allows the follow-up of patients until this deadline.

� VISA-A (The Victorian Institute of Sport Assessment)
questionnaire

The Victorian Institute of Sport Assessment-Achilles tendinop-
athy questionnaires (VISA-A) is a self-administered questionnaire
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assessing the symptoms of Achilles tendinopathies and their
impact upon physical activity [16]. It has been validated in French
and consists of eight questions split into three categories, the first
three focusing on pain, the next three on the functional
consequences of Achilles tendinopathies and the last two on the
consequences for sporting activity [17].
Fig. 1. Final version
� The SF-36 questionnaire

The Short-Form 36 questionnaire (SF-36) is a 36-item
questionnaire that measures quality of life (QoL) across eight
domains, both physical and emotional. The eight domains that the
SF-36 measures are as follows: physical functioning, role
 of the ATRS-F.
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limitations due to physical health, role limitations due to
emotional problems, energy/fatigue, emotional well-being, social
functioning, pain and general health. In summary, an aggregate
percentage score is produced for each of the eight domains that the
SF-36 measures. The percentage scores range from 0% (lowest or
worst possible level of functioning) to 100% (highest or best
possible level of functioning) [18].

2.2.3. Assessment of the test-retest reliability
This is the evaluation of the stability of the scale over time using

the intra-class correlation coefficient (ICC) and 95% confidence
interval. When no health change was observed among individuals,
the score of the ATRS-F was expected to be unchanged. The
patients completed the questionnaire twice, within a 14 day
interval, while the subjects’ status remained unchanged. Note that
a single investigator evaluated the health status of the subjects at
baseline and after 14 days. During the 14 days, patients were not
engaged in rehabilitation, nor did they receive any treatment that
could affect their condition. The closer the coefficient is to 1, the
higher the reliability. An ICC over 0.7 was considered indicative of
acceptable reliability [19]. To complete this result, the Standard
Error of Measurement (SEM) was calculated by first creating a
variable for the difference between the score obtained during the
first and the second administration (test score–retest score = dif-
ference). Next, we calculated the standard deviation of difference
in our sample (SD difference) and divided the obtained value by the
square root of 2 (SEM = SD difference/

p
2). The Minimal Detectable

Change was calculated with the formula (MDC = 1.96 �p
2 � SEM)

[20].

2.2.4. Assessment of the construct validity
The construct validity was investigated by measuring two

components: convergent and divergent validity. The correlation
between the F-AKPS and other questionnaires or domains of
questionnaires which have similar dimensions (convergent
validity) or different dimensions (divergent validity) was assessed.
The assessment of this psychometric property was based on two
hypotheses: (1) there is a strong correlation between the score of
the ATRS-F and subscales of the VISA-A and the SF-36 regarding the
evaluation of similar concepts (i.e. convergent validity); (2) there is
a weak correlation between the score of the ATRS-F and subscales
of the VISA-A and the SF-36 regarding the evaluation of different
concepts (i.e. divergent validity).

2.2.5. Assessment of internal consistency
Internal consistency is the estimation of homogeneity across

items. Cronbach’s alpha coefficient assesses the internal consis-
tency of a set of items, scale or subscale, corresponding to a single
Table 1
Comparison of the obtained scores for the different translation.

Score of the pathologic population 

n Test n
French version 44 65.09 � 21.84 4
Original version [3] 43 77 � 21.4 

Polish version [4] 71 87.4 � 14 

Greek version [5] 46 84.1 (34–100) 

Norwegian version [1] 94 87 (16–100) 

Chinese version [6] 112 57.4 � 13.2 

Turkish version [7] 74 78.1 � 23.1 7
Italian version [8] 80 68.5 � 25.1 

Brazilian portuguese version [9] 46 94.3 � 5.9 4
Persian version [10] 30 39.5 � 25.3 3
Dutch version [11] 103 / 7
Danish version [12] 52 70 � 22 5
British english version [13] 81 57 � 24.7 8
clinical dimension. The aim is to estimate the strength of the inter-
correlations between items. The value of alpha varies between 0
and 1, with the internal consistency increasing as alpha approaches
1. A coefficient value greater than 0.70 indicates a high level of
internal consistency [12]. Spearman correlations between the total
ATRS-F score and each individual item was also calculated to
further test this psychometric performance. A correlation above
0.6 is considered as relevant (strong correlation) [21].

2.2.6. Assessment of floor and ceiling effects
Floor and ceiling effects were defined when at least 15% of the

population obtains the lowest (floor effect) or the highest score
(ceiling effect) to the questionnaire [19]. When either of these
effects are present, subjects with a minimum or a maximum score
cannot be distinguished from each other, decreasing the discrimi-
native power of the questionnaire.

The priori hypothesis is that the ATRS-F will have good
psychometric properties, just as the other versions of the
questionnaire have.

2.3. Statistical analysis

Normality of quantitative variables was tested by the Shapiro–
Wilk test. According to this test, quantitative variables were
expressed as mean � SD whereas qualitative variables were
reported as absolute and relative frequencies (%). Reliability has
been measured by Cronbach's alpha coefficient to test the internal
consistency and ICC to test the reliability between the first and the
retest scores of the ATRS-F questionnaire. Finally, Spearman's
correlations were used to evaluate the construct validity of the
ATRS-F questionnaire and therefore, to measure the correlations
between the ATRS-F questionnaire and SF-36 and VISA-A. Analyses
were performed using SPSS Statistics 24 software (IBM, Armonk,
New-York, USA). Results were considered statistically significant at
the 5% critical level (p < 0.05).

3. Results

3.1. French translation of the ATRS questionnaire

Based on the procedure detailed above, the ATRS was French-
translated without any difficulties. A few semantic differences
between the translations T1 and T2 were observed and were
resolved during analysis of the two translations. No major issues
were observed during the back translations and the versions
obtained were very similar to the original English version. The pre-
final version of the ATRS-F was tested by 10 subjects (5
pathological subjects and 5 healthy subjects), who were
Score of the healthy population

 Re-test n Test
4 67.07 � 20.49 51 100

/ 52 99.8 � 1.1
/ /
/ /
/ /
/ /

4 79.1 � 22.5 /
/ /

6 93.8 � 6.1
0 40.2 � 25.4 84.9 � 18.5
5 / /
2 73 � 22
1 56 � 25.7
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subsequently integrated into the validation step. None of these
subjects expressed any difficulties understanding the question-
naire’s various items or had particular difficulty to complete the
questionnaire. The Expert Committee gave their approval to this
pre-final version of the questionnaire that became the definitive
finale version ATRS-F (Fig. 1)

3.2. Psychometric validation of the ATRS-F

3.2.1. Description of the population
The total study sample for ATRS-F validation step consisted of

95 subjects (44 pathological subjects and 51 healthy subjects).
Among the pathological subjects, 30 were surgically treated for
Achilles tendon rupture whereas 14 patients were conservatively
treated (i.e. non-surgically). The mean age of the general
population was 34.41 �12.88 years old and was 37.50 � 13.8 years
old in the pathological group and 31.75 � 11.47 years old in the
healthy group (p = 0.03). In the total population, 64.2% were men,
and was respectively 72.7% and 56.9% in the pathological and the
healthy group. All participants were athletes and the most
represented sports were soccer (29% in the pathological group
and 14% in the healthy group) and running (16% in both groups).
Total scores of the different versions of the ATRS are presented in
Table 1. The total score obtained for the different translation, in
previous studies, are close to those obtained with the ATRS-F.

3.2.2. Test–retest reliability
Excellent test–retest reliability was found, with an overall

Intraclass Correlation Coefficient (ICC) of 0.996 (95% CI : 0.934–
0.982). As shown in Table 2, the ICC ranged between 0.789 (95%CI :
0.644–0.879) (item 1) and 0.967 (95%CI : 0.940–0.982) (item 10)
for individual items of the questionnaire. All the ICC are above 0.7
and are therefore considered as acceptable reliability.

3.2.3. Construct validity
Regarding the convergent validity, the ATRS-F total score was

significantly correlated with the VISA-A total (r = 0.621, p < 0.0001)
and with some domains of the SF-36 which have similar
dimensions, such as physical functioning, role limitation due to
physical problem, bodily pain and general health (r ranged
between 0.604 and 0.848 ; p < 0.001).

Regarding the divergent validity, the ATRS-F total score was
weakly correlated or not correlated with the domains of the SF-36
which have different dimensions, such as mental health (r = 0.07,
p = 0.652), emotional role (r = 0.146, p = 0.345), social function
(r = 0.361, p < 0.05) and vitality (r = 0.392, p < 0.05).

Results of construct validity are available in Table 3.

3.2.4. Internal consistency
As indicated by the ATRS-F Cronbach’s alpha, which is 0.98, an

excellent level of consistency was observed. Moreover, Cronbach’s
Table 2
Test-restest reliability of the ATRS-F.

Intraclass Correlation Coefficient (ICC) 95% CI

Item 1 0.789 0.644–0.879
Item 2 0.835 0.717–0.906
Item 3 0.838 0.722–0.908
Item 4 0.845 0.733–0.912
Item 5 0.942 0.897–0.968
Item 6 0.915 0.849–0.953
Item 7 0.862 0.762–0.923
Item 8 0.957 0.923–0.976
Item 9 0.955 0.919–0.975
Item 10 0.967 0.940–0.982
Total 0.966 0.934–0.982

In our sample, SEM = 2.58 points and MDC (ind) = 7.16 points.
alpha values vary between 0.91 and 0.98 for each item of the
questionnaire. All items of the questionnaire were positively and
significantly correlated with the total score of the ATRS-F, with
Spearman correlation ranging from r = 0.82 (item 2) to r = 0.96
(item 9) (Table 4).

3.2.5. Floor and ceiling effects
None of the pathological subjects obtained the lowest score (0)

or the maximal score (100) on the questionnaire. Therefore, no
floor neither ceiling effects were found for the questionnaire.

4. Discussion

The main finding of the present study is that, after following
standardized translation and cross-cultural adaptation processes,
the final French version of the ATRS shows adequate validity and
reliability. The questionnaire can therefore be used in the French-
speaking countries to assess clinical results in patients sustaining
Achilles tendon rupture. No major difficulties were encountered
during the translation process and the expert committee consid-
ered the final ATRS-F equivalent to the English version.

The total score obtained for the different translation, in previous
studies, was close to the score obtained with the ATRS-F. The slight
differences observed could be explained by the characteristics of
the population. Indeed, our subjects are younger (34.4 � 12.8 years
old) than those included in other studies (45.3 � 8.5 years old in
Norway, 42.6 � 8 years old in Poland, 44.5 � 9.7 years old in China).
Moreover, the proportion of men in our sample (64%) is lower
compared to other countries (95% in Norway, 71% in Poland, 92.8%
in China, 94.7% in Brazil, 73.8% in Dutch). Finally, we recruited
patients surgically treated between the 3rd and the 12th month
following their operation. Patients conservatively treated were
recruited between the 3rd month and the 3rd year after their
injury. These delays are somewhat variable between studies (for
example, 20 months after the rupture in Dutch, between 6 and 64
months after surgery in Poland).

Regarding the psychometric properties, the ATRS-F question-
naire showed excellent test-retest reliability and therefore
excellent stability over time, since the ICC of the total score was
0.966. In case of clinical use, the ICC should be greater than 0.9 to
indicate a high test reliability [10]. The ICC found in this study is
close to that observed in the original version of the ATRS
(ICC = 0.98) and corroborates those observed with the Polish
(ICC = 0.90) [4], Greek (ICC = 0.97) [5], Norwegian (ICC = 0.90) [1],
Chinese (ICC = 0.986) [6], Turkish [7], Italian (ICC = 0.93) [8],
Brazilian Portuguese (ICC = 0.93) [9], Persian (ICC = 0.98) [10],
Dutch (ICC = 0.852) [11], Danish (ICC = 0.908) [12] and English
(ICC = 0.98) [13] versions of the ATRS. The few differences observed
across the studies could probably be explained by the time interval
between tests and retests. Moreover, the precision of the
measurement was calculated using MDC and SEM. It is accepted
that a SEM variability of a measure lower than 10% could be
considered appropriate for clinical purposes [22]. We are below
this threshold because our SEM was 2.58 points (total score ranged
between 0 and 100 points)

We observed excellent construct validity (i.e. convergent and
divergent). We performed analyses showed that the ATRS-F was
strongly and significantly correlated with the VISA-A questionnaire
and the physical functioning subscores of the SF-36 questionnaire.
A correlation of r = 0.621 with the VISA-A questionnaire is observed
and is close to that obtained with the Italian and Swedish
adaptations of the ATRS (r = 0.72 and r = 0.78, respectively). It is
considered as relevant because the instrument measures pain,
symptoms and physical activity aspects among patients with
chronic Achilles tendinopathy [17]. Therefore, the VISA-A ques-
tionnaire also contains items which are not appropriate for



Table 3
Construct validity of the ATRS.

ATRS vs. Spearman correlation (r) p-value

Convergent validity
VISA-A Total Score 0.621 p < 0.001
SF-36
physical functioning

0.706 p < 0.001

SF-36
role limitation due to physical problem

0.604 p < 0.001

SF-36
bodily pain

0.848 p < 0.001

SF-36
general health

0.639 p < 0.001

Divergent validity
SF-36
emotional role

0.146 0.345 (NS)

SF-36 Vitality 0.392 p < 0.05
SF-36
mental health

0.070 0.652 (NS)

SF-36
social function

0.361 p < 0.05

Table 4
Internal consistency of the ATRS-F.

Spearman correlation (r) Cronbach alpha coefficient

Item 1 0.94 0.96
Item 2 0.82 0.91
Item 3 0.90 0.91
Item 4 0.86 0.91
Item 5 0.86 0.97
Item 6 0.86 0.95
Item 7 0.95 0.92
Item 8 0.92 0.97
Item 9 0.96 0.97
Item 10 0.95 0.98
Score total 0.98
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patients with acute Achilles tendon rupture. Nevertheless, this tool
was used as it was previously validated in French [17].

Furthermore, a strong internal consistency was observed
(Cronbach’s alpha of 0.98). The items are therefore very sensitive
to the concepts being evaluated and there is no redundancy
between items in the questionnaire. This result is comparable to
the original version (Cronbach’s alpha of 0.96). Moreover, other
ATRS studies also found strong internal consistency, with
Cronbach’s alpha ranging from 0.89 [6] to 0.97 [8].

Finally, there is evidence that instruments with good content
validity have low ceiling and floor effects [23]. This is the case with
our study because none of the pathological patients achieved the
minimum or the maximum scores. This is consistent with the other
translated versions of the ATRS since none of them found floor
effect [1,4,6,7,10,11]. Ceiling effects were found only in Dutch,
Turkish and Norwegian versions (i.e. Respectively 7.8%, 14% and
6.4% of the subjects achieve the maximum score). However, these
percentages are still below the cut-off point of 15% which is
considered as relevant. Note that floor/ceiling effects have not been
measured in Danish [12], Brazilian Portuguese [9], Italian [8],
Greek [5] and British English versions [13].

We acknowledge some potential limitations in this study. The
first limitation concerns the external validity of our results. The
total sample tested in this study consisted of 95 athletes (64% of
men) from Liège, aged 34.41 �12.88 years old, so they are not
entirely representative of the French-speaking population. How-
ever, the population is quite similar to those included in the
original study during the development of ATRS or in the other ATRS
validation studies in other languages, except the Polish version. In
the latter, only men were included. Moreover, the patients enrolled
in the present study were at different stages of rehabilitation
(patients surgically treated were recruited between the 3rd and the
12th month following their operation and patients conservatively
treated were recruited between the 3rd month and the 3rd years
after their injury). The stage of rehabilitation could have influenced
the reliability data, because the more the subjects are advanced in
their rehabilitation, the more likely there will be a change in
conditions between the two tests. Another weakness could be
in our recruitment method: controls subjects were recruited via
social media. This introduces a selection bias by potentially over-
representing those individuals who spend the most amount of
time on social media communities. Another concern with the
control group was that patients with clinical complaints of Achilles
tendinopathy were not excluded. This may have introduced a
recruitment bias.

The second limitation concerned the responsiveness, or
sensitivity to change, that could not be measured in our study
given its cross-sectional design and because all subjects reported
no change in their health status (i.e. to assess the test-retest
reliability). This assessment is however essential in other contexts,
for example, in assessing therapeutic intervention. This could bring
additional values into our psychometric validation. Cui et al.
highlighted a great responsiveness for the Chinese version of the
ATRS, as the absolute values of Effect Size (ES) and Standard
Response Mean (SRM) were 1.01 and 4.81 [6]. This data needs to be
confirmed for the French version of the ATRS.

Overall, the results of this research, highlighted that the French
version of the ATRS is valid and reliable, are similar to previous
adaptations of the ATRS.

5. Conclusion

A valid and reliable French version of the ATRS is now available
and can be used to assess symptoms, function and physical activity
after treatment in patients with a total Achilles tendon rupture.
With this study, we validated the ATRS for French speakers and this
version demonstrated adequate psychometric properties. Further
studies are still needed to determine the responsiveness of the
French version of the ATRS.
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