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Abstract
Background
A scientifically sound validated foot and ankle specific score validated ab initio in different languages is
missing. The aim of a project of the European Foot and Ankle Society (EFAS) was to develop, validate,
and publish a new score (the „EFAS Score”) conceived and validated in different European languages.

Methods
The EFAS Score was developed and validated in three stages: 1) item (question) identification, 2) item
reduction and scale exploration, 3) confirmatory analyses and responsiveness. The following score
specifications were chosen: scale/subscale (Likert 0-4), questionnaire based, outcome measure,
patient related outcome measurement. For stage 3, data were collected pre-operatively and postoperatively at a minimum follow-up of 3 months and mean follow-up of 6 months. Item reduction, scale
exploration, confirmatory analyses and responsiveness were executed using analyses from classical
test theory and item response theory.

Results
Stage 1 resulted in 31 general and 7 sports related questions. In Stage 2, a 6-item general EFAS Score
was constructed using English, German, French and Swedish language data. In Stage 3, internal
consistency of the scale was confirmed in seven languages: the original four languages, plus Dutch,
Italian and Polish (Cronbach’s Alpha >0.86 in all language versions). Responsiveness was good, with
moderate to large effect sizes in all languages, and significant positive association between the EFAS
Score and patient-reported improvement.
No sound EFAS Sports Score could be constructed.

Conclusions
The multi-language EFAS Score was successfully validated in the orthopaedic ankle and foot surgery
patient population, including a wide variety of foot and ankle pathologies. All score versions are freely
available at here.
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Introduction
A scientifically sound validated foot and ankle specific outcome measure for different European
languages is still missing. Indeed, language-specific cross-cultural validation in other languages than
English is largely absent [1,2]. Some outcome measures were validated for specific pathologies such
as hallux valgus, ankle arthritis or flatfoot [3-6]. The European Foot and Ankle Society (EFAS)
established in 2013 a Score Committee to develop, validate, and publish a new score, the „EFAS
Score”, which is not specific for single pathologies for different European languages. The principal aim
of this project was to develop and validate the EFAS Score simultaneously for different European
languages.

Methods
Previous scores were analysed, and different types of scores were taken into consideration [1-31]. The
EFAS patient-reported outcome measure (PROM), the ‘EFAS Score’, was developed and validated in
three stages: 1) item identification, 2) item reduction and scale exploration, 3) confirmatory analyses
and responsiveness.
Type of score
We aimed to develop a questionnaire-based PROM, with one or more subscales depending on the
results of the development process. After discussing different types of rating scales, a 5-point Likert
scale (0-4) was chosen.
Questions – Item identification
In the first stage, potentially relevant items from existing questionnaires were identified [1,2,4,6-30].
These items were combined into one pool of items that were taken forward into stage 2 of the
development process. Given the low relevance of items related to sports activities for some diagnostic
groups, it was decided at this point to develop two separate scores: a general item score and a sportsspecific score. Additionally, to ensure comparability of outcomes, it was decided to use 5-point Likert
rating scales for all items in the patient data collections for stages 2 and 3 of the process, regardless of
the original scoring method of the questionnaire from which the item had been mutated. In total, 31
general items and 7 sports-specific items were taken forward into the second phase of the project.

Item reduction and scale exploration
Through a process of forward and backward translation performed by bilingual translators, the original
English pool of 38 items was translated into German, French and Swedish. These four language
versions were then used for the Stage 2 data collection. Participants were recruited from orthopaedic
foot and ankle surgery departments. Inclusion criteria for participants were clinical and imaging
indications for foot and ankle surgery and age ≥ 18 years. No exclusion criteria were used other than
an inability to complete a written questionnaire. Data collection was performed in France, Germany,
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Sweden and Ireland. In addition to providing an answer to each item on a 5-point scale, all participants
also rated the relevance of the item to their situation on a 5-point scale.

Following data collection, the following analytic steps were taken to reduce the item pool into one
general PROM and one sports PROM. All steps were performed separately for each language version
and separately for the general and sports-specific items unless stated otherwise.
1. Items with a ceiling effect (i.e. already at the highest possible level for a large proportion of
patients), low perceived relevance and a high proportion of missing values were noted and
shortlisted for exclusion in subsequent steps.
2. Using all items, a principal component analysis (PCA) was performed. A PCA identifies clusters
(principal components) of closely related items through a matrix of inter-item correlations.
Principal components were retained into the next step if the eigenvalue > 1 and if it was located
left of the elbow of the screen plot. Then, items were excluded from further analysis if they
showed no clear association with any of the retained principal components, or if they showed
a high association (item load > 0.40) on more than one principal component. Cronbach’s Alpha
was computed for each of the identified principal components to explore their reliability. Any
item showing a detrimental effect on scale reliability (i.e., Cronbach’s Alpha would improve if
the item was removed) was then excluded from further analysis. Finally, any item showing an
item-scale correlation of r<0.60 was excluded. At the end of this step, the remaining items in
their respective principal components would provide optimal scale reliability according to classic
test theory.
3. An Item-response theory (IRT) analysis was performed for each of the identified scales (i.e.,
principal components) to further reduce the number of items and optimize scale unidimensional.
These analyses were performed combining available data from all language versions. Items
were first excluded if they showed reverse thresholds. It is expected that for any valid item, the
probability of providing a certain response is closely linked to the underlying level of the trait
that is measured. The order in which each response is the most likely response is a logical
sequence. Two examples are provided to illustrate this in Figure 1a-b. Figure 1a shows an item
with no reverse thresholds: for each of the five responses to the item, a level of the underlying
trait (on the x-axis) can be identified at which that response is the most likely response (as
signified by the probability level on the y-axis)and the order in which the five responses are
most likely is logically progressing from response 1 to response 5. In contrast, figure 1b shows
an item for which only the two most extreme responses are ever the most likely. This item in
1b would not pass the test for reverse thresholds and would therefore be excluded from the
scale.
Then, a backward elimination process was used. Starting from the full remaining pool of items, at each
step the worst-performing item was excluded. This was based on three parameters:
•

The slope parameter (a). This parameter represents how well an individual item can
differentiate between patients with different “true” levels of the trait that is being measured.
Higher values indicate better discrimination, with a=0.3 as the minimum acceptable value.

•

The item difficulty parameter (b). This parameter indicates how commonly and severely a
specific health issue (i.e. individual item) is flagged up by patients due to their foot/ankle
problem. E.g., if ‘pain during walking’ is more likely to occur than ‘pain while at rest’ this would
4

be reflected in different ‘b’ parameters for those two items, showing that more patients are
experiencing more severe pain during walking than at rest. A value between -3.0 and +3.0 was
deemed acceptable.
•

The p-value of the Chi-Square statistic. A significant p-value shows that the item does not fit
the IRT model. Essentially, an IRT model expects items to fit into one hierarchy, from ‘easy’ to
‘difficult’ items. If a patient identifies severe health issues by selecting an affirmative response
to a ‘difficult’ item, then logically ‘easier’ items should also show an affirmative response given
that they ask after closely related but mild- to-moderate health issues. A significant p-value
flags up that an item does not fit into this hierarchy and therefore does not fit the scale.

The worst performing item was removed from further analyses. The item to be excluded at each step
was identified through the following hierarchy of criteria:
1. a slope parameter of a<0.3.
2. an item difficulty parameter outside the accepted range of values, i.e. b< -3.0 or b>3.0.
3. If criteria a) and b) did not apply to any item, the item with the most significant p value of the
Chi-Square statistic was removed. For this criterion, the significance level was Bonferroni
corrected per analysis for an overall critical value of p<0.05.
•

The process was concluded when all remaining items showed good fit to the IRT model by
having acceptable slope and item difficulty parameters and a non-significant p value for the
Chi-square test.

Confirmatory analysis and responsiveness
Data collection for this final stage took place in the four original language versions, as well as Dutch,
Italian and Polish.
Inclusion criteria for participants were scheduled foot and ankle surgery and age ≥ 18 years. No
exclusion criteria were used other than an inability to complete a written questionnaire. Data was
collected preoperatively and at postoperative follow-up. Minimum postoperative follow-up of 3 months
and mean follow-up of 6 months was postulated (Table 1). As necessary score sheet numbers, 500
were postulated for two languages and 100 for all others (Table 1). To confirm the internal consistency
for each language version, Cronbach’s Alpha of the EFAS Score was computed for each language
version separately. To establish the responsiveness of the EFAS Scores, both distribution-based and
criterion-based analyses were used. Distribution-based measures of responsiveness included the effect
size (ES) and minimal important difference (MID). The criterion-based measure of responsiveness used
was the linear association (Pearson’s correlation) between improvement on the EFAS Score and a 5point Likert scale anchor question: did the surgery improve the foot and/or ankle problem? (0= no, not
at all; 4 = Yes, very much).
The ES was calculated as the difference between the baseline and 6-month follow-up mean EFAS
Score, divided by the standard deviation of the baseline EFAS Score:
The MID was considered to be equal to the standard error of measurement (SEM) of the baseline EFAS
Score. The SEM was calculated as:
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(Formula 1), where:
SD
r

= standard deviation of the EFAS Score baseline score
= value of Cronbach’s Alpha for the EFAS Score at baseline.

To assess the responsiveness of the EFAS Score using the MID, the percentage of participants with
an improvement in their EFAS Score between baseline and follow-up exceeding the MID was identified.
Statistical analyses were performed in SPSS (IBM SPSS Statistics 23, IBM, Armonk, NY, USA). The
IRT modelling was performed in XCalibre 4 (Assessment Systems, Inc.)

Ethics
Approvals from the relevant ethical committees in different contributing countries were obtained,
adhering to all local legislation.

Results
Table 1 and Table 2 and show the language-specific demographic data (Table 1) and diagnoses
(Table 2) for the patient samples in stages 2 and 3 of the development process.

Item reduction
The 31 general items showed a wide spread of perceived relevance, proportion of missing values and
floor and ceiling effects. Full descriptive for the four languages can be found in the supplementary
materials (Tables S1a-d). Then, the PCAs were performed and item contribution to the identified
subscales was analysed. Full results of the PCA for each of the four languages (scree plots, item loading
on the principal components, item-scale correlations and Cronbach’s alpha if item deleted) can be found
in the supplementary materials, Figures S1a-d, Tables S2a-d and S3a-d. Table 3 summarises the
findings, indicating which items were retained for further analyses and which items were dropped due
to any of the previously stated criteria.
In two languages, French and English, the dominant principal component included both pain and
physical function items. In the two other languages (German and Swedish), pain and physical function
were identified as two separate principal components. In both cases, however, the correlation between
those two subscales was significant: r=0.66 in German, and r=0.28 in Swedish.
Based on these findings, the retained items were taken forward into the IRT modelling with the aim to
construct a single scale including both pain and physical function items. Additionally, to preserve the
potential of the final EFAS Score to cover other issues relevant to patients than pain and physical
function, two items relating to footwear were retained for the final step of the item reduction process. In
total, 16 of the general items proceeded into the IRT modelling.
The results of the item reduction through the IRT analysis are provided in Table 4 for the general items.
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This process resulted in a 6-item scale. Table 5 lists the six items in order of difficulty, providing insight
into the hierarchy of items within the scale. The table shows that patients will most easily provide a low
score to Q17 (indicating severe issues with pain during physical activity) while pain at rest (Q1) is least
likely to be flagged up as a problem by patients. Both footwear items, retained after the previous step,
were excluded in the first step of IRT modelling due low relevance.

Confirmatory analyses and responsiveness
Using news samples of patients, and including three new languages (Dutch, Italian and Polish), the 6item EFAS Score was then evaluated for internal consistency and responsiveness.
The internal consistency of the scale was excellent in all seven language versions. Cronbach’s Alpha
was 0.86 in German; 0.86 in French; 0.92 in English; 0.87 in Swedish; 0.91 in Italian; 0.88 in Dutch and
0.86 in Polish.
Responsiveness of the EFAS Score is shown in Table 6 and Figures 2a-g. Moderate (ES>0.5) or large
(ES>0.8) effect sizes were found in all language versions. A clear majority of patients showed a
minimally important difference following surgery, ranging from 57.6% in German to 94.1% in English.
The change in EFAS Scores between baseline and follow-up was significantly correlated with the
patient-reported change in health status. Figures 3a-g show this positive association.

EFAS Sports Score
The separate EFAS Sports Score was developed similarly to the general EFAS Score. For the sportsrelated items (QS1-QS7), descriptives from stage 2 of the process can be found in supplementary
Tables S1a-d. The PCA found one principal component for these items in all four languages. Based on
the descriptives and the outcome of the PCA, all seven sports-related items were retained into the IRT
modelling step, with an aim to construct a single EFAS Sports Score.
Table 7 shows the results of the IRT modelling on the sports-related items. No scale meeting the
requirements of the IRT model could be constructed in these analyses. Due to this result, no
confirmatory and responsiveness analyses were performed for the EFAS Sports Score.

Discussion
A six-item, single-scale EFAS Score was successfully developed and validated simultaneously in seven
European languages. This outcome measure covers pain and physical function and was found to be
internally consistent, unidimensional and responsive to change in samples of orthopaedic foot and ankle
surgery patients. The maximum score is 24 points (best possible), and the minimum 0 points (worst
possible).
Many foot and ankle scores were developed previously [1,2,4,6-30]. However, all of the above cited
scores were developed and/or validated in English except VAS FA (Visual Foot and Ankle Scale,
English, German, Italian, Thai) and SEFAS (Self-Reported Foot and Ankle Score, Swedish version)
[1,2,32]. The language-specific validation was necessary because simple translation of a validated
score does not necessarily result in a validated translated score [1,2]. This issue is especially important
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for Europe with numerous languages. The mostly spoken mother tongues in Europe are German
(18%), English (13%), Italian (13%), French (12%), Spanish (8%), Polish (8%) and Dutch (4%) (source
Wikipedia, February 20, 2018). Therefore, a need for different language-specific (validated) scores,
especially in Europe, is clear. Another issue is that some scores are only validated for specific
pathologies such as hallux valgus, ankle arthritis or flatfoot [3-6]. EFAS recognized the need and
importance for a non-pathology specific score in different European languages and therefore undertook
the process described in the present study. The core committee comprised foot and ankle surgeons
from different European countries completed with technical advisor (PhD for biomechanics) and an
expert in outcome measure development and validation [33-39]. Patient involvement in the
development of the EFAS Score was twofold: items were selected from questionnaires that had been
developed using patient statements, and in stage 2 of the process, all questions that were deemed to
be of low relevance by patients were excluded from further consideration.
The process of item reduction started with a pool of 31 candidate items and finished with the definitive
6-item EFAS Score. Using an analytical approach from classical test theory, the pool was reduced to
15 items while identifying the main underlying constructs of pain and physical function. Then, using
item-response modelling, an unidimensional scale was identified comprising six items covering both
pain and physical function. This scale had superior measurement properties over other variants that
captured wider issues such as footwear and assistive device use, and was therefore preferred. Due to
the simultaneous development of the EFAS Score in multiple languages, the development and
validation process was highly complex. The analytical process was designed to do justice to the original
aim of developing an outcome measure that is easy to use in clinical practice (i.e., short; relevant;
generically applicable; valid and responsive) across different languages, health care systems and
diagnostic groups, while maintaining optimal scientific credibility.
Not all measurement properties of the EFAS Score have been established. In particular test-retest
reliability, i.e. reproducibility of the score in a stable (pre-surgery) population, was not included in the
present study. As a result, the MID of the EFAS Score as reported in this study was based on the
internal consistency of the scale (Cronbach’s Alpha) rather than test-retest reliability. In future, if the
test-retest reliability becomes available, this may lead to an adjustment in the SEM and therefore MID
of the EFAS Score.
The process to develop the EFAS Sports Score was ultimately unsuccessful. The questions related to
sports activities were not relevant to a large proportion of the patient samples, and suffered from a high
proportion of missing values. This meant the IRT modelling did not result in a unidimensional EFAS
Sports Score. Based on the findings of the IRT model, a 4-item EFAS Sports Score could be considered,
as this was the best-performing option. In that scale, three items fit the scale well with a fourth item
showing some issues. Removing the fourth item, however, then resulted in the remaining three items
not forming a scale that fit the constraints of the IRT model. Further analyses in specific patient groups,
for whom sports-related questions are relevant, is warranted.
In conclusion, the EFAS Score has been successfully validated for orthopaedic foot and ankle surgery
populations incorporating a wide variety of foot and ankle pathologies, including language-specific
validation in seven languages so far (English, German, French, Swedish, Dutch, Italian,
Polish). Validation for other languages (Finnish, Portuguese, Spanish) is in progress. All validated
score versions are freely available here.
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Legend
Figure 1a and 1b. Cumulative Response Functions for an item showing no reverse thresholds (1a) and
an item showing reverse thresholds (1b). X-axis: ‘true level of underlying trait; y-axis: probability of
response.
Figure 2a-g: Association between change in EFAS Score from pre- to post-surgery and patient selfreported improvement (a, German; b, French; c, English; d, Swedish; e, Dutch; f, Italian; g, Polish)
Table 1. Demographic data. N = sample size; F = Female; L/R/B = Left/Right/Both; N/A = not available
Table 2. Prevalence of primary diagnoses, in %, based on ICD-10 codes
Table 3. Summary of results of the PCA. For the four individual language columns: √ = item retained,
<blank> = item excluded. For the Overall column: Y = item retained in all four languages, ~ = item
retained in three languages, <blank> = item retained in <3 languages.
Table 4. Results of the item reduction through the IRT analysis. RT = reverse thresholds.
Table 5. Items included in EFAS Score based on IRT modelling with their item difficulty parameter
Table 6. Responsiveness of the EFAS Score.
Table 7. Results of the IRT modelling on the sports-related items. K = number of items in analysis; RT =
reverse thresholds; OK = item retained for next step of analysis; a significant P-value (P<0.05) indicates
lack of fit to the IRT model.
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