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Abstract
Purpose  Aim of this study was to evaluate the responsiveness of the Dutch version of the Achilles tendon Total Rupture 
Score (ATRS-NL).
Methods  Patients (N = 47) completed the ATRS-NL at 3 and 6 months after Achilles tendon rupture (ATR). Additionally, 
they filled out the Euroqol-5D-5L (EQ-5D-5L) and Global Rating of Change Score (GRoC). Effect sizes (ES) and standard-
ized response means (SRM) were calculated. The anchor-based method for determining the minimally important change 
(MIC) was used. GRoC and improvement on the items mobility and usual activities on the EQ-5D-5L served as external 
criteria. The scores on these anchors were used to categorize patients’ physical functioning as improved or unchanged between 
3 and 6 months after ATR. Receiver operating curve (ROC) analysis was performed, with the calculation of the area under 
the ROC curve (AUC) and the estimation of MIC values using the optimal cut-off points.
Results  There was a large change (ES: 1.58) and good responsiveness (SRM: 1.19) of the ATRS-NL between 3 and 6 months 
after ATR. Using ROC analysis, the MIC values ranged from 13.5 to 28.5 for reporting improvement on EQ-5D-5L mobility 
and GRoC, respectively. The AUC of improvement on mobility and improvement on GRoC were > 0.70.
Conclusion  The ATRS-NL showed good responsiveness in ATR patients between 3 and 6 months after injury. Use of this 
questionnaire is recommended in clinical follow-up and longitudinal research of ATR patients. MIC values of 13.5 and 28.5 
are recommended to consider ATR patients as improved and greatly improved between 3 and 6 months after ATR.
Level of evidence  II.

Keywords  Achilles tendon rupture · PROM · Questionnaire · Epidemiology · ATRS · Dutch · Responsiveness · Minimally 
important change · Follow-up

Introduction

Patient-reported outcome measures (PROMs) provide the 
patient’s perception of the recovery and outcome of treat-
ment [1]. To be applicable and useful in research, PROMs 
must show adequate measurement properties [2]. Tradition-
ally, validity and reliability were considered the fundamental 
characteristics of a measurement instrument [3]; while these 
provide sufficient information on an instrument’s descriptive 
properties, responsiveness is required before it can be used 
as an outcome measure to assess change over time [4–6]. 
Responsiveness is defined as ‘the ability of an instrument 
to detect changes over time’ [7]. Without evidence that 
the PROM is sensitive to changes over time, usefulness in 
longitudinal research is insufficient, as meaningful effects 
go undetected [8]. PROMs are also increasingly used to 
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enhance clinical management and to evaluate the results of 
treatment over time [1, 9]. Given that the primary goal of 
medical treatment is to produce change, responsiveness is 
also an essential property for clinicians choosing a PROM 
for patient follow-up [6, 10].

Several PROMs are available to assess outcome in foot 
and ankle and Achilles tendon disorders [11, 12]. To assess 
the outcome after Achilles tendon rupture (ATR) specifi-
cally, only one tool exists that is considered valid and reli-
able: the Achilles tendon Total Rupture Score (ATRS) 
[13]. This 10-item questionnaire has been translated and 
shows sufficient validity and reliability in several languages 
[14–24], including Dutch (ATRS-NL) [25]. However, data 
on the responsiveness of the ATRS-NL are lacking.

Overall, there are two methods to assess the responsive-
ness of a PROM: a distribution-based and an anchor-based 
method. Besides the study regarding the development and 
validation of the ATRS [26], only three studies have assessed 
the responsiveness of a translation of the ATRS, determin-
ing effect size (ES) and relative efficiency using distribu-
tion-based approaches [17, 18, 27]. Distribution-based 
approaches assess change based on the statistical charac-
teristics of the sample. A limitation of distribution-based 
approaches is that they do not provide data on clinically 
relevant change [28–30]. Using anchor-based approaches, 
the smallest change in score that is considered a relevant 
change by either the patient or the clinician, the minimally 
important change (MIC), can be calculated [7]. These data 
facilitate the interpretation of change scores and increase 
the usability of PROMs [31]. To our knowledge, there are 
no data on the MIC of the ATRS questionnaire in any lan-
guage. The aim of this study was therefore to investigate the 
responsiveness of the ATRS-NL.

Materials and methods

Data for this study were collected from a study population 
of a multicentre prospective cohort study. The study proto-
col has been previously described [32]. All participants that 
participated in the 3-month (T1) and 6-month (T2) follow-
up measurements were included in the current study. This 
study was approved by the local Medical Ethical Commit-
tee (METc) of the University Medical Center Groningen 
(UMCG) (METc 2017/126). This study was locally approved 
(local feasibility) by the Medical Ethical Committees of the 
Martini Hospital Groningen (MHG) (MEC 2017–087) and 
Medical Center Leeuwarden (MCL) (COV 274(a)).

Participants

A multicentre prospective cohort study was performed at the 
UMCG, MHG and MCL in the Netherlands between July 

2017 and May 2019. Inclusion criteria for this study were 
patients aged 18 or older who were diagnosed and treated 
for an acute total ATR at UMCG, MHG, and/or MCL. Par-
ticipants were included within the first 3 months post-injury. 
Exclusion criteria were inability to read Dutch or cognitively 
understand the questionnaires. All participants were given 
written and oral information prior to granting informed 
consent.

A total of 50 participants were included in the multicentre 
prospective cohort study, three of whom were lost to follow-
up between T1 and T2. This study, therefore, included a total 
of 47 participants who had measurements at both T1 and T2.

Outcome measures

Dutch version of the Achilles tendon Total Rupture Score 
(ATRS‑NL)

The ATRS-NL is a disease-specific, self-administered 
PROM that can be used to measure outcome related to 
symptoms and physical activity after treatment in patients 
with an ATR [25, 26]. This PROM consists of 10 questions 
using an 11-point (0–10) Likert scale, with a maximum 
score (= maximum disability) of 100 points. A minimum 
score of 0 indicates no symptoms and full function/recovery. 
Five questions address symptoms and five questions address 
physical activity related to ATR [26]. This instrument is con-
sidered a valid and reliable method to evaluate outcome in 
ATR patients [25, 26].

Dutch version of the Euroqol‑5D‑5L (EQ‑5D‑5L)

The EQ-5D-5L is a commonly used generic questionnaire 
to measure health-related quality of life. It encompasses 
five subdivisions related to physical, mental, emotional and 
social functioning where, in the 5L-version, questions are 
administered on a 5-point Likert scale pertaining to the five 
levels/dimensions of severity: no problems (1), slight prob-
lems (2), moderate problems (3), severe problems (4) and 
extreme problems (5) [33].

Anchors

No gold-standard external criterion for improvement (after 
ATR) exists, therefore it is recommended to use multiple 
independent anchors [34–37]. Both global ratings and lon-
gitudinal disease-related measures of outcome are recom-
mended for determining meaningful clinical change [34]. 
This study, therefore, used three patient-reported anchors as 
external criteria: the Global rating of Change score (GRoC) 
and the EQ-5D-5L items mobility and usual activities.

The GRoC was constructed based on the meth-
ods of Jaeschke et al. [38]. It can quantify the degree in 
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patient-perceived improvement over a specified period of 
time [38]. Participants were asked to report the perceived 
change in symptoms and impairment regarding the injured 
Achilles tendon at 6 months compared to 3 months after 
ATR. The magnitude of this change was scored on a 5-point 
Likert scale ranging from ‘much more impairment’ (− 2), to 
‘more impairment’ (− 1) ‘about the same’ (0), ‘less impair-
ment’ (+ 1) and ‘much less impairment’ (+ 2).

Two other anchors were derived from the Dutch version 
of the EQ-5D-5L. Because the ATRS was developed and 
found valid to measure outcome related to symptoms and 
physical activity, this study used the EQ-5D-5L items related 
to mobility and usual activities. An evaluation of responsive-
ness of the English ATRS also used these subdivisions [27].

Study procedures

At T1 ATR patients were administered the ATRS-NL and 
the Dutch version of the EQ-5D-5L. Three months later (T2) 
participants were administered both these questionnaires for 
the second time in combination with the GRoC.

Data analysis

The scores on the GRoC scale were dichotomized. Partici-
pants who reported ‘much less impairment’ (+ 2) were cat-
egorized as improved. Similarly to other researchers, par-
ticipants reporting ‘less impairment’ (+ 1) were classified as 
equivalent to ‘about the same’ (0) for the MIC analysis [39] 
and categorized as unchanged. Participants reporting ‘more 
impairment’ (− 1) and ‘much more impairment’ (− 2) were 
excluded from the anchor-based MIC analysis.

The change in scores on the EQ-5D-5L subdivisions 
mobility and usual activities were also dichotomized. Partic-
ipants reporting an increase in at least one dimension (≥ 1) 
were considered improved and those reporting no increase 
in dimensions (0) were considered unchanged. Participants 
reporting a decrease in at least one dimension were excluded 
from the anchor-based MIC analysis.

For the ATRS-NL to be responsive it needs to demon-
strate a lack of floor and ceiling effects, meaning participants 
should not record the maximum or the minimum score for 
each time point. Floor and ceiling effects were present if 
more than 15% of respondents achieved the lowest or highest 
possible scores [30].

Statistical analysis

All statistical analyses were performed using IBM SPSS 
software, version 23.0 for Windows (IBM Corporation, 
Armonk, NY). A p value < 0.05 was considered statistically 
significant in all analyses. Descriptive statistics (mean and 
standard deviation (SD), median and interquartile range 

(IQR), and frequencies) were used for participant charac-
teristics and to display outcomes of the questionnaires. Both 
distribution-based and anchor-based methods were applied 
to assess responsiveness.

Distribution‑based approach

The effect sizes (ES) as described by Cohen et al. were cal-
culated [40, 41]. Using this method the difference between 
the mean ATRS-NL T2 and T1 scores, divided by the SD of 
T1 scores was calculated. A value of 0.2 represents a small 
change (one-fifth of the baseline SD), 0.5 a moderate change 
and > 0.8 a large change in score.

The standardized response mean (SRM) was calculated 
according to the method described by Liang et al. [42]. This 
measure compares the results of the ATRS-NL scores at T1 
and T2 and examines the magnitude of the change in scores. 
The SRM is the ratio of the mean change between T2 and T1 
to the SD of this mean change [29, 42]. SRM values < 0.5 are 
considered to indicate low responsiveness, 0.5–0.8 moderate 
and > 0.8 large responsiveness [43]. According to Norman 
et al. [44], a value of half the SD of the mean change in score 
was used as a conservative estimate of the MIC.

Anchor‑based approach

The diagnostic performance including calculation of MIC 
values of the ATRS-NL for detecting improvement was 
assessed by constructing receiver operating curves (ROC) 
[45] to evaluate the change in ATRS-NL scores as hav-
ing improved based on GRoC and the EQ-5D-5L subdivi-
sions mobility and usual activities. For all ROCs, the point 
on the curve nearest the upper-left corner was selected as 
the cut-off score for the MIC to minimize the sum of the 
percentage of patients being misclassified ((1 − sensitiv-
ity) + (1 − specificity)) [46, 47]. This point was determined 
by drawing a diagonal line from the upper-left corner of 
the ROC to the lower-right corner. The coordinate closest 
to this line or at which this line intersects the curve is con-
sidered to be the point closest to the upper-left corner [48] 
and, in this case, reflects the MIC of the ATRS-NL. The 
diagnostic performance of this MIC value was evaluated: 
sensitivity, specificity, and positive and negative predictive 
values (PPV/NPV) were calculated. Additionally, the per-
centage of patients misclassified as improved on the anchor 
using the MIC was calculated. Responsiveness was further 
assessed by determining the area under the ROC (AUC). 
AUC values > 0.5 were interpreted as the ATRS-NL having 
some discriminating ability concerning improvement in an 
anchor: 0.6–0.7 sufficient, 0.7–0.8 good, 0.8–0.9 very good 
and > 0.9 outstanding [49].
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Sample size

There is no general agreement on the appropriate sample 
size for PROM evaluations [10]. Previous studies that pro-
vided distribution-based responsiveness data of the English 
ATRS included 49 [17] and 64 [27] patients. The COSMIN 
initiative recommends a sample size of at least 30 and pref-
erably more than 50 participants for responsiveness evalua-
tions [50], and this study’s sample of 47 patients is therefore 
considered sufficient.

Results

Study population

A total of 47 patients were available for follow-up at both 
3 months (T1) and 6 months (T2). Patient characteristics 
including primary treatment are presented in Table 1. In 
terms of complications, there were three re-ruptures, one 
deep vein thrombosis and two infections that occurred after 
primary treatment (surgical/non-surgical). One re-rupture 
occurred between T2 and T1 in a non-surgically treated 
patient, who was subsequently treated surgically.

Distribution‑based approach

Data on the ATRS-NL and ES and SRM values are pre-
sented in Table 2. As expected, the ATRS-NL did not dis-
play any floor or ceiling effects, as no participant achieved 
the minimum or maximum score at T1 or T2.

The ES (1.58) indicated a large change in ATRS-NL score 
between T2 and T1, and the SRM (1.19) a large responsive-
ness of the ATRS-NL for the entire study population. Using 
the criterion of half of the SD of the change in ATRS-NL, 
the estimated MIC is 10.

Anchor‑based approach

The scores on the anchors are presented in Table  3. 
For each anchor, two participants (4%) reported ‘more/
much more impairment’ on GRoC, decreased mobility 

on EQ-5D-5L or decreased usual activity functioning on 
EQ-5D-5L, and were excluded from the anchor-based MIC 
analyses.

Data on the ATRS-NL for patients categorized as 
improved and unchanged based on the GRoC and EQ-
5D-5L subdivisions mobility and usual activities are pre-
sented in Table 4.

MIC estimation for improvement

The results of the ROC analysis for determining MIC cut-
off using the three patient-reported anchors are presented 
in Table 5. The MIC ranged from 13.5 for improvement 
using EQ-5D-5L mobility to 28.5 using the GRoC. The 
AUC showed good (≥ 0.7) discriminating ability of the 
ATRS-NL in detecting improvement on the GRoC and the 
subdivision mobility of the EQ-5D-5L, and poor (0.49) 
discriminating ability for detecting improvement of the 
EQ-5D-5L subdivision usual activities. The results show 
that the calculated MIC scores misclassify less than 25% 
of all patients as improved.

Table 1   Baseline characteristics

*Presented as mean (SD) or count

Characteristic Participants* (N = 47)

Age (years) 41.6 (11.7)
Gender (male/female) 31/16
BMI (kg/m2) 25.4 (3.2)
Physically active (yes/no) 39/8
Surgical/non-surgical treatment 13/34

Table 2   Mean ATRS-NL scores 
at follow-up and distribution-
based statistics for entire sample 
(n = 47)

T1, mean (SD) 65.5 (15.4)
T2, mean (SD) 41.2 (21.8)
T1–T2, mean (SD) 24.4 (20.4)
ES 1.58
SRM 1.19

Table 3   Anchor outcomes

*Categories that together form the category unchanged

Anchor Dimension T1, n (%) T2, n (%) p value

GRoC − 2 N/A 0
− 1 2 (4%)
0* 2 (4%)
+ 1* 18 (38%)
+ 2 25 (53%)

EQ-5D-5L mobility Level 1 2 (4%) 26 (55%) < 0.0001
Level 2 22 (47%) 13 (27%)
Level 3 19 (40%) 8 (17%)
Level 4 2 (4%) 0
Level 5 2 (4%) 0

EQ-5D-5L usual activi-
ties

Level 1 10 (21%) 32 (68%) < 0.0001
Level 2 17 (36%) 11 (23%)
Level 3 19 (40%) 4 (9%)
Level 4 1 (2%) 0
Level 5 0 0
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Discussion

The most important finding of this study is that the ATRS-
NL is a responsive instrument capable of detecting rel-
evant change between 3 and 6 months after ATR. This 
has been the first study to provide MIC data on the ATRS 
questionnaire in any language. There was a large range of 
MIC values depending on the approach used and anchor 
applied. Use of this injury-specific PROM can be recom-
mended both for longitudinal research and for clinicians 
in the follow-up of Dutch ATR patients.

This study adheres to the requirements of the COSMIN 
checklist [10, 50]. In the absence of a single gold-standard 
external criterion multiple ones were used in a longitudi-
nal design, and as expected most participants evidenced 
improvement. The distribution-based approach showed 
the ATRS-NL is responsive in detecting improvement at 
a group level. The latter was performed in a sample of 47 
patients, which is considered adequate for PROM evalu-
ations, especially given that SRM/ES data is independent 
of sample size [41]. The MIC values provide evidence for 
the use of the ATRS-NL by clinicians and researchers in 
selecting the group of patients who are improving. These 
MIC values can be applied in individual analyses too, as 
it is argued that similar MIC values are found for groups 
and individuals, albeit with a higher degree of uncertainty 
at the individual level [31].

Good responsiveness of the ATRS-NL was determined 
with the distribution-based approach. As expected, there 
was a large change in scores for the entire study popula-
tion between 3 and 6 months after ATR, shown by the ES 
(1.58) and SRM (1.19) values. The few prior studies that 
also assessed the responsiveness of the ATRS used only 
distribution-based approaches and found similar large ES 
values (1.01 and 0.93) in the first 6 months after ATR [17, 
18].

With the anchor-based approach the ability of the ATRS-
NL to discriminate between patients who retrospectively 
report much less impairment (MIC: 28.5) and who prospec-
tively report improved mobility (MIC: 13.5) was confirmed. 
Because of the lack of a gold-standard anchor for improve-
ment after ATR, the MIC of the change in ATRS-NL scores 
was calculated using three patient-reported external criteria 
(anchors). There was a wide range in calculated MIC values 
with this approach, depending on which anchor was used to 
assess improvement. Overall, the ATRS-NL proved to be 
accurate in classifying patients as improved on GRoC and 
the EQ-5D-5L mobility subdivision (AUC > 0.7) and showed 
a low percentage (13% and 21%) of misclassifying patients 
as improved based on the optimal cut-off MIC. Neverthe-
less, the corresponding MIC values showed that relatively 
large changes in ATRS-NL scores are required to accurately 
classify patients as improved, whereas the distribution-based 
data showed that these large changes were occurring in this 

Table 4   ATRS-NL data by 
transition category on GRC 
and EQ-5D-5L subdivisions 
mobility and usual activities 
(n = 45)

Anchor Transition N T1, mean (SD) T2, mean (SD) T2–T1, mean (SD)

GRoC Improved 25 63.3 (14.2) 32.2 (18.1) − 32.0 (19.3)
Unchanged 20 68.5 (15.5) 50.8 (21.9) − 18.0 (17.6)

EQ-5D-5L mobility Improved 35 67.1 (14.0) 39.1 (21.3) − 28.3 (21.0)
Unchanged 10 58.5 (20.0) 44.6 (23.4) − 13.9 (14.0)

EQ-5D-5L usual activities Improved 29 65.5 (15.8) 40.8 (21.6) − 25.1 (22.3)
Unchanged 16 65.0 (15.9) 38.9 (22.0) − 26.1 (16.2)

Table 5   Responsiveness measures and MIC values for improvement on the specific anchors (n = 45)

a Minimally important change
b Area under the ROC curve
c Positive predictive value
d Negative predictive value

Anchor MICa AUC​b (95% CI) Sensitivity 
(%)

Specificity 
(%)

PPVc (%) NPVd (%) Misclassifica-
tion percentage 
(%)

GRoC − 28.5 0.71 (0.56; 0.87) 60 80 79 62 21
EQ-5D-5L mobility − 13.5 0.72 (0.56; 0.88) 77 60 87 44 13
EQ-5D-5L usual activities − 25.5 0.49 (0.31; 0.66) 55 69 76 46 24
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study population. The latter can be explained by the follow-
up period in the recovery phase, where improvement can be 
expected. This period of follow-up resulted in the relatively 
large sample who were considered improved or unchanged 
and were thus available for anchor-based MIC analyses 
(n = 45). It is recommended that future studies also assess 
the responsiveness of the ATRS-NL in a more long-term 
follow-up, where relatively smaller changes in improvement 
can be expected.

It has been proposed that the observed MIC is smallest 
for the anchor that shows the highest correlation with the 
scale used in the study [51]. For the ATRS-NL, this con-
cerned determining improvement in mobility on EQ-5D-5L 
(− 13.5). This can be explained by the original purpose of 
developing the ATRS: to reflect the restrictions caused by 
symptoms during various physical activities after ATR [26]. 
The ATRS-NL was not responsive to improvement when 
using the EQ-5D-5L item usual activities. By using this 
anchor a large MIC was found (− 25.5), but a small AUC 
(0.49) and low sensitivity and specificity (55 and 69%, 
respectively). This finding contrasts with those of Kear-
ney et al. [27], who found similar correlations between the 
English ATRS and the EQ-5D-3L items usual activities and 
mobility. This is thought to be the result of using the 3-point 
Likert scale EQ-5D; in the present study the updated 5-point 
scale was used, allowing for more sensitive reporting in cat-
egorizing patients as having improved [52].

The study population consisted of both non-surgical and 
surgically treated patients, which we believe does not influ-
ence the results, given that short-term ATRS scores are not 
significantly different between treatment groups [53]. Nev-
ertheless, only 10% of studies comparing ATR treatment 
methods use the ATRS as an outcome measure in comparing 
short-term results [53]. On the other hand, all studies com-
paring surgical and non-surgical treatment report re-rupture 
rates [53]. A limitation of this outcome measure is that it 
does not adequately represent the patient function. Given the 
discriminating ability of the ATRS-NL in detecting improve-
ment, we suggest this practice be re-evaluated and additional 
well-designed trials and observational studies are performed.

Up to 50 region-specific PROMs for foot and ankle dis-
orders are available and have been studied for their clini-
metric properties [11, 12]. Similar to the studies on the 
ATRS questionnaire, research tends to focus on the validity 
and reliability of these PROMs; data on responsiveness is 
mostly lacking [11]. To our knowledge, of these 50 PROMs 
only evidence for the responsiveness of the foot and ankle 
ability measure (FAAM), Manchester-Oxford foot question-
naire (MOXFX), foot and ankle outcome score (FAOS) and 
Oxford ankle foot questionnaire for children exists (OxAFQ) 
[11, 12, 54]. Additionally, all of the Dutch foot and ankle 
PROMs show either no data on responsiveness or poor 
responsiveness [55], which may explain why only 6% of 

Dutch surgeons treating ATRs use PROMs in monitoring 
treatment progress after ATR [56]. It is, therefore, recom-
mended that researchers and clinicians use the ATRS(-NL) 
as opposed to other foot and ankle PROMs in the follow-
up of ATR patients. The lack of responsiveness reporting 
contrasts with the recommendations made by the COSMIN 
expert panel, who state it to be an essential measurement 
property [10]. Hence it is recommended that in future 
research on the development and validation of foot and ankle 
PROMs responsiveness also be analyzed, preferably using 
distribution-based and anchor-based methods.

This study has several strengths. First of all, both dis-
tribution and anchor-based methods were used to evaluate 
responsiveness. Because no single valid gold-standard exter-
nal criterion exists and the validity of retrospective global 
rating of change is debated [57], this study used three dif-
ferent patient-reported anchors, both retrospective and pro-
spective, as recommended by the COSMIN initiative [2, 
10]. Nevertheless, no single individual external criterion is 
clearly valid, which is a limitation of this study. Data were 
gathered prospectively during a multicentre cohort study, 
increasing the generalizability of results. Also, this study 
focused on a follow-up period that is considered relevant 
for clinicians and researchers alike (3 and 6 months post-
ATR). This is when clinicians see patients for follow-up after 
primary treatment and early into rehabilitation (3 months), 
and before return to normal function (6 months). However, 
the focus on an identical follow-up period in the recovery 
phase is another limitation of this study. In the absence of 
complications most patients will have improved, limiting the 
sample of participants reporting deterioration of symptoms 
and physical activity following ATR. The design and follow-
up period of this study (3 and 6 months after ATR) resulted 
in the anticipated large improvement in ATRS-NL scores. 
Data on the ability of the ATRS-NL to detect regression are 
therefore lacking. Additionally, whether these data can be 
extrapolated to changes seen more in the long term—at the 
time of return to sport/usual function—might be debatable 
and would require assessing responsiveness using different, 
sport-specific anchors. Responsiveness at a later stage in 
ATR recovery should be assessed in future research, espe-
cially given that deficits persist for years [58] and return to 
sports is a tedious process [59].

This study provides evidence to support the use of the 
ATRS(-NL) by clinicians and researchers in the follow-up 
of ATR patients. The ATRS-NL is valid, reliable, easy to 
administer and score and—as shown by the current study—
responsive to change in the clinical follow-up period (3 and 
6 months) after ATR. In addition, MIC values have been 
derived from this study. De Vet et al. have already acknowl-
edged that no universal MIC value for a single PROM exists 
[47]. It is, therefore, advised that a single value be set, but 
with a small range to allow for variation in interpretation 
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[47, 60]. It is recommended researchers and clinicians use 
a MIC of 13.5 as the minimum change in score to consider 
patients as having improved, as the results show this value 
to accurately detect prospective improvement on EQ-5D-5L 
mobility. To identify the subgroup of patients who show the 
best improvement between 3 and 6 months after ATR, we 
suggest a MIC of 28.5, as this is the cut-off value for detect-
ing patients who retrospectively report ‘much less impair-
ment’ on GRoC.

Conclusion

The position of the ATRS-NL as a primary outcome meas-
ure in longitudinal research and clinical practice is con-
firmed: it is a valuable tool in investigating the efficacy and 
effectiveness of an intervention. MIC values of 13.5 and 28.5 
are recommended to consider patients as having improved 
and greatly improved between 3 and 6 months after ATR. 
Overall, we believe this study is an important step in value-
based healthcare by contributing towards more valid, reli-
able and responsive PROMs.

Author contributions  All authors drafted the study protocol. OCD 
drafted the initial manuscript, collected the data and performed 
the analyses. All authors revised the manuscript and supported the 
data analysis process. All authors have read and approved the final 
manuscript.

Funding  This study was not funded.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no competing 
interest.

Ethical approval  Approved by the local ethics committee of the Uni-
versity Medical Center Groningen (METc #2017.126).

Informed consent  All participants gave written and verbal informed 
consent prior to participation in this study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Black N (2013) Patient reported outcome measures could help 
transform healthcare. BMJ 346:f167. https​://doi.org/10.1136/bmj.
f167

	 2.	 Mokkink LB, Prinsen CAC, Bouter LM, de Vet HCW, Terwee 
CB (2016) The COnsensus-based standards for the selection of 
health measurement INstruments (COSMIN) and how to select an 
outcome measurement instrument. Braz J Phys Ther 19:105–113

	 3.	 Stewart A (1990) Psychometric considerations in functional status 
instruments. In: Greenfield S (ed) Functional status measurement 
in primary care. Frontiers of Primary Care. Springer, New York, 
pp 3–26

	 4.	 Fletcher A (1995) Quality of life measurements in the evalua-
tion of treatment: proposed guidelines. Br J Clin Pharmacol 
39:217–222

	 5.	 Kirshner B, Guyatt G (1985) A methodological framework for 
assessing health indices. J Chronic Dis 38:27–36

	 6.	 Streiner D, Norman G, Cairney J (2014) Health measurement 
scales: a practical guide to their development and use. Oxford 
University Press, Oxford, pp 258–261

	 7.	 Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, 
Knol DL, Bouter LM, de Vet HCW (2010) The COSMIN study 
reached international consensus on taxonomy, terminology, and 
definitions of measurement properties for health-related patient-
reported outcomes. J Clin Epidemiol 63:737–745

	 8.	 Revicki D, Hays RD, Cella D, Sloan J (2008) Recommended 
methods for determining responsiveness and minimally impor-
tant differences for patient-reported outcomes. J Clin Epidemiol 
61:102–109

	 9.	 Gagnier JJ (2017) Patient reported outcomes in orthopaedics. J 
Orthop Res 35:2098–2108

	10.	 Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, 
Knol DL, Bouter LM, De Vet HCW (2010) The COSMIN check-
list for assessing the methodological quality of studies on meas-
urement properties of health status measurement instruments: an 
international Delphi study. Qual Life Res 19:539–549

	11.	 Jia Y, Huang H, Gagnier JJ (2017) A systematic review of 
measurement properties of patient-reported outcome measures 
for use in patients with foot or ankle diseases. Qual Life Res 
26:1969–2010

	12.	 Sierevelt IN, Zwiers R, Schats W, Haverkamp D, Terwee CB, 
Nolte PA, Kerkhoffs GMMJ (2018) Measurement properties of 
the most commonly used Foot- and Ankle-Specific Question-
naires: the FFI, FAOS and FAAM. A systematic review. Knee 
Surg Sports Traumatol Arthrosc 26:2059–2073

	13.	 Kearney RS, Achten J, Lamb SE, Plant C, Costa ML (2012) A 
systematic review of patient-reported outcome measures used to 
assess achilles tendon rupture management: What’s being used 
and should we be using it? Br J Sports Med 46:1102–1109

	14.	 Ansari NN, Naghdi S, Hasanvand S, Fakhari Z, Kordi R, Nilsson-
Helander K (2016) Cross-cultural adaptation and validation of 
Persian Achilles tendon Total Rupture Score. Knee Surg Sports 
Traumatol Arthrosc 24:1372–1380

	15.	 Bąkowski P, Rubczak S, Wolff-Stefaniak M, Grygorowicz M, 
Piontek T (2018) Reliability and validity of the Polish version 
of the Achilles tendon Total Rupture Score. Knee Surg Sports 
Traumatol Arthrosc 26:2074–2079

	16.	 Buckinx F, Lecoq G, Bornheim S, Van Beveren J, Valcu A, Daniel 
C, Bruyère O, Reginster JY, D’Hooghe P, Kaux JF (2019) French 
translation and validation of the Achilles Tendon Total Rup-
ture Score “ATRS”. Foot Ankle Surg. https​://doi.org/10.1016/j.
fas.2019.08.010

	17.	 Carmont MR, Silbernagel KG, Nilsson-Helander K, Mei-Dan O, 
Karlsson J, Maffulli N (2013) Cross cultural adaptation of the 



	 Knee Surgery, Sports Traumatology, Arthroscopy

1 3

Achilles tendon Total Rupture Score with reliability, validity and 
responsiveness evaluation. Knee Surg Sports Traumatol Arthrosc 
21:1356–1360

	18.	 Cui J, Jia Z, Zhi X, Li X, Zhai X, Cao L, Weng W, Zhang J, Wang 
L, Chen X, Su J (2017) The chinese version of achilles tendon 
total rupture score: cross-cultural adaptation, reliability and valid-
ity. Health Qual Life Outcomes 15(1):2

	19.	 Ganestam A, Barfod K, Klit J, Troelsen A (2013) Validity and 
reliability of the Achilles Tendon Total Rupture Score. J Foot 
Ankle Surg 52:736–739

	20.	 Kaya Mutlu E, Celik D, Kiliçoglu Ö, Ozdincler AR, Nilsson-
Helander K (2015) The Turkish version of the Achilles tendon 
Total Rupture Score: cross-cultural adaptation, reliability and 
validity. Knee Surg Sports Traumatol Arthrosc 23:2427–2432

	21.	 Myhrvold SB, Sandnes Ø, Hoelsbrekken SE (2018) Validity and 
reliability of the Norwegian translation of the Achilles tendon 
Total Rupture Score. Knee Surg Sports Traumatol Arthrosc 
26:2045–2050

	22.	 Touzopoulos P, Ververidis A, Giakas G, Drosos G (2019) Valida-
tion and cross-cultural adaptation of Greek version of Achilles 
tendon Total Rupture Score. Foot Ankle Surg 25:8–12

	23.	 Vascellari A, Spennacchio P, Combi A, Grassi A, Patella S, Bisic-
chia S, Canata GL, Zaffagnini S (2018) Cross-cultural adaptation 
and multi-centric validation of the Italian version of the Achilles 
tendon Total Rupture Score (ATRS). Knee Surg Sports Traumatol 
Arthrosc 26:854–861

	24.	 Zambelli R, Pinto RZ, Magalhães JMB, Lopes FAS, Castilho RS, 
Baumfeld D, Dos Santos TRT, Maffulli N (2016) Development 
of the Brazillian Portuguese version of the Achilles Tendon Total 
Rupture Score (ATRS BrP): a cross-cultural adaptation with reli-
ability and construct validity evaluation. BMC Sports Sci Med 
Rehabil 8:11

	25.	 Opdam KTM, Zwiers R, Wiegerinck JI, Kleipool AEB, Haverlag 
R, Goslings JC, van Dijk CN (2018) Reliability and validation of 
the Dutch Achilles tendon Total Rupture Score. Knee Surg Sports 
Traumatol Arthrosc 26:862–868

	26.	 Nilsson-Helander K, Thomeé R, Silbernagel KG, Thomeé P, 
Faxén E, Eriksson BI, Karlsson J (2007) The Achilles tendon 
Total Rupture Score (ATRS): development and validation. Am J 
Sports Med 35:421–426

	27.	 Kearney RS, Achten J, Lamb SE, Parsons N, Costa ML (2012) 
The Achilles tendon total rupture score: a study of responsiveness, 
internal consistency and convergent validity on patients with acute 
Achilles tendon ruptures. Health Qual Life Outcomes 10:24

	28.	 Guyatt G, Walter S, Norman G (1987) Measuring change over 
time: assessing the usefulness of evaluative instruments. J Chronic 
Dis 40:171–178

	29.	 Norman GR, Wyrwich KW, Patrick DL (2007) The mathematical 
relationship among different forms of responsiveness coefficients. 
Qual Life Res 16:815–822

	30.	 Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol 
DL, Dekker J, Bouter LM, de Vet HCW (2007) Quality criteria 
were proposed for measurement properties of health status ques-
tionnaires. J Clin Epidemiol 60:34–42

	31.	 de Vet HCW, Terluin B, Knol DL, Roorda LD, Mokkink LB, 
Ostelo RWJG, Hendriks EJM, Bouter LM, Terwee CB (2010) 
Three ways to quantify uncertainty in individually applied “mini-
mally important change” values. J Clin Epidemiol 63:37–45

	32.	 Dams OC, van den Akker-Scheek I, Diercks RL, Wendt KW, 
Bosma E, van Raaij TM, Munzebrock AV, Zijlstra WP, Zwerver 
J, Reininga IHF (2019) The recovery after Achilles tendon rup-
ture: a protocol for a multicenter prospective cohort study. BMC 
Musculoskelet Disord 20:69

	33.	 Lamers LM, Stalmeier PFM, McDonnell J, Krabbe PFM, Van 
Busschbach JJ (2005) Kwaliteit van leven meten in economische 

evaluaties: het Nederlands EQ-5D-tarief. Ned Tijdschr Geneeskd 
149:1574–1578

	34.	 Crosby RD, Kolotkin RL, Williams GR (2003) Defining clini-
cally meaningful change in health-related quality of life. J Clin 
Epidemiol 56:395–407

	35.	 Guyatt GH, Osoba D, Wu AW, Wyrwich KW, Norman GR, Aar-
onson N, Barofsky I, Berzon R, Bonomi A, Bullinger M, Cappel-
leri JC, Cella D, Fairclough D, Ferrans CE, Frost M, Hays RD, 
Marquis PD, Moinpour CM, Moynihan T, Patrick D, Revicki D, 
Rummans T, Scott C, Sloan JA, Sprangers M, Symonds T, Var-
ricchio C, Wong G (2002) Methods to explain the clinical signifi-
cance of health status measures. Mayo Clin Proc 77:371–383

	36.	 Revicki DA, Cella D, Hays RD, Sloan JA, Lenderking WR, Aaron-
son NK (2006) Responsiveness and minimal important differences 
for patient reported outcomes. Health Qual Life Outcomes 4:70

	37.	 Wyrwich KW, Bullinger M, Aaronson N, Hays RD, Patrick DL, 
Symonds T (2005) Estimating clinically significant differences in 
quality of life outcomes. Qual Life Res 14:285–295

	38.	 Jaeschke R, Singer J, Guyatt GH (1989) Measurement of health 
status: ascertaining the minimal clinically important difference. 
Control Clin Trials 10:407–415

	39.	 Juniper EF, Guyatt GH, Willan A, Griffith LE (1994) Determining 
a minimal important change in a disease-specific quality of life 
questionnaire. J Clin Epidemiol 47:81–87

	40.	 Cohen L (1988) Statistical power analysis for behavioral sciences, 
2nd edn. Acad Press, Lawrence Erlbaum Associates, Inc., New 
York, Hillsdalye, pp 1–66

	41.	 Husted JA, Cook RJ, Farewell VT, Gladman DD (2000) Methods 
for assessing responsiveness: a critical review and recommenda-
tions. J Clin Epidemiol 53:459–468

	42.	 Liang MH, Fossel AH, Larson MG (1990) Comparisons of five 
health status instruments for orthopedic evaluation. Med Care 
28:632–642

	43.	 Campbell DT, Fiske DW (1959) Convergent and discriminant 
validation by the multitrait-multimethod matrix. Psychol Bull 
56:81–105

	44.	 Norman GR, Sloan JA, Wyrwich KW (2003) Interpretation of 
changes in health-related quality of life the remarkable universal-
ity of half a standard deviation. Med Care 41:582–592

	45.	 Deyo RA, Centor RM (1986) Assessing the responsiveness of 
functional scales to clinical change: an analogy to diagnostic test 
performance. J Chronic Dis 39:897–906

	46.	 de Vet H, Terwee C, Mokkink L, Knol D (2011) Measurement 
in medicine: a practical guide (practical guides to biostatistics 
and epidemiology). Cambridge University Press, Cambridge, pp 
202–226

	47.	 De Vet HCW, Ostelo RWJG, Terwee CB, Van Der Roer N, Knol 
DL, Beckerman H, Boers M, Bouter LM (2007) Minimally 
important change determined by a visual method integrating an 
anchor-based and a distribution-based approach. Qual Life Res 
16:131–142

	48.	 Turner D, Schünemann HJ, Griffith LE, Beaton DE, Griffiths AM, 
Critch JN, Guyatt GH (2010) The minimal detectable change can-
not reliably replace the minimal important difference. J Clin Epi-
demiol 63:28–36

	49.	 Šimundić A-M (2009) Measures of diagnostic accuracy: basic 
definitions. EJIFCC 19:203–211

	50.	 Mokkink LB, Prinsen CAC, Patrick DL, Alonso J, Bouter LM, de 
Vet HCW, Terwee CB (2019) COSMIN study design checklist for 
patient-reported outcome measurement instruments—user manual 
2019. Available at: https​://www.cosmi​n.nl/wp-conte​nt/uploa​ds/
COSMI​N-study​-desig​ning-check​list_final​.pdf

	51.	 de Vet HC, Terwee CB, Ostelo RW, Beckerman H, Knol DL, 
Bouter LM (2006) Minimal changes in health status question-
naires: distinction between minimally detectable change and mini-
mally important change. Health Qual Life Outcomes 4:54



Knee Surgery, Sports Traumatology, Arthroscopy	

1 3

	52.	 Janssen MF, Bonsel GJ, Luo N (2018) Is EQ-5D-5L better than 
EQ-5D-3L? A head-to-head comparison of descriptive sys-
tems and value sets from seven countries. Pharmacoeconomics 
36:675–697

	53.	 Ochen Y, Beks RB, Van Heijl M, Hietbrink F, Leenen LPH, Van 
Der Velde D, Heng M, Van Der Meijden O, Groenwold RHH, 
Houwert RM (2019) Operative treatment versus nonoperative 
treatment of Achilles tendon ruptures: systematic review and 
meta-analysis. BMJ 364:k5120. https​://doi.org/10.1136/bmj.
k5120​

	54.	 Shultz S, Olszewski A, Ramsey O, Schmitz M, Wyatt V, Cook 
C (2013) A systematic review of outcome tools used to measure 
lower leg conditions. Int J Sports Phys Ther 8:838–848

	55.	 Weel H, Zwiers R, Siereveld I, Haverkamp D, van Dijk C, Kerk-
hoffs G (2015) Nederlandstalige patiëntgerapporteerde uitkomst-
maten voor voet- en enkelaandoeningen. Ned Tijdschr Geneeskd 
159:A8831

	56.	 Dams OC, van Den Akker-Scheek I, Diercks RL, Wendt KW, 
Zwerver J, Reininga IHF (2018) Surveying the management of 
Achilles tendon ruptures in the Netherlands: lack of consensus 
and need for treatment guidelines. Knee Surg Sports Traumatol 
Arthrosc 27:2754–2764

	57.	 Norman GR, Stratford P, Regehr G (1997) Methodological 
problems in the retrospective computation of responsiveness to 
change: the lesson of Cronbach. J Clin Epidemiol 50:869–879

	58.	 Olsson N, Nilsson-Helander K, Karlsson J, Eriksson BI, Thomée 
R, Faxén E, Silbernagel KG (2011) Major functional deficits per-
sist 2 years after acute Achilles tendon rupture. Knee Surg Sports 
Traumatol Arthrosc 19:1385–1393

	59.	 Zellers JA, Carmont MR, Grävare Silbernagel K (2016) Return to 
play post-Achilles tendon rupture: a systematic review and meta-
analysis of rate and measures of return to play. Br J Sports Med 
50:1325–1332

	60.	 Sloan JA, Cella D, Hays RD (2005) Clinical significance of 
patient-reported questionnaire data: another step toward consen-
sus. J Clin Epidemiol 58:1217–1219

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


