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Abstract

Objective: Large numbers of people are subject to alterations and pathologies in the foot. To quantify
how these problems of foot function affect the quality of life, clinicians and researchers have developed
measures such as the Foot Function Index (FFl). Our aim is to determine the methodological quality of
the FFl including adaptations to other languages.

Data sources: The studies considered in this review were extracted from the PubMed, Embase and
CINAHL databases. The inclusion criteria were followed: (1) studies of patients with no previous foot
or ankle pathology and aged over |8 years; (2) based on English-language patient-reported outcome mea-
sures that assess foot function; (3) the patient-reported outcome measures should present measurement
properties based on COnsensus-based Standards for the selection of health Measurement Instruments
(COSMIN) criteria.

Review methods: The systematic review was conducted following the COSMIN criteria to establish the
methodological quality of the original FFl, together with its variants and adaptations. The last search was
carried out in May 2024.

Results: Of the 1994 studies obtained in the preliminary search, 20 were eligible for inclusion in the final
analysis. These results are the validations and cross-cultural adaptations to the following languages: the ori-
ginal FFI has cross-cultural adaptation in |3 languages and the FFI-Revised Short Form has been adapted
and validated for use in 2 languages.

Conclusion: In terms of methodological quality, the FFI-Revised Short Form questionnaire is a valuable
instrument for evaluating ankle and foot function and could usefully be expanded to be available in
more languages.
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Introduction

The lower limb in general, and the foot and ankle in
particular, is the anatomical structures responsible
for human mobility and movement, for both
walking and running, performing the functions of
absorbing impact forces and adapting to the land
surface.'”

The continuous strains to which the foot and
ankle are subjected can produce pathologies in
these structures, which may be traumatic or non-
traumatic. Such alterations include hallux valgus,
plantar fasciopathy, ankle sprains, osteoarthritis
and rheumatoid arthritis.> These foot problems
have an overall prevalence of about 30% in the
general population®; among adults, 24% of these
problems are persistent.” Their appearance may
be influenced by variables such as sex, age or path-
ologies affecting other areas of the body.*¢

Among the instruments developed to evaluate
and monitor the treatment of problems in the foot
and ankle, patient-reported outcome measures
have proven very useful. These tools are very spe-
cific, valid and reliable, both in research and in clin-
ical practice.”® A wide range of patient-reported
outcome measures have been created, but among
the most common are the Self-reported Foot
and Ankle Score,” Foot and Ankle Ability
Measures,10 the Foot and Ankle Outcome Score'!
and the Foot Function Index (FFI).'?

The FFI in particular has good reliability and
validity.'* Many cross-cultural adaptations have
been made of the FFL.'*? A revised short-form
version, the FFI-Revised Short Form,28 has been
adapted for use in several languages other than
English. The objective of the present study is to
analyse these cross-cultural adaptations of the FFI
and the Revised Short Form variant from a meth-
odological standpoint to determine which presents
the best quality and properties.

Methods

The protocol for this study is registered in the
PROSPERO database for systematic reviews
(CRDA42023444657).

The measurement properties and methodo-
logical quality of the original FFI questionnaire
and of all its cross-cultural adaptations and
validations were analysed in accordance with the
systematic review protocol presented in the
COnsensus-based Standards for the selection of
health Measurement Instruments (COSMIN)
checklist.? COSMIN criteria are used to select
the most suitable measurement instrument for a
population and a specific alteration through the ana-
lysis of reliability, validity, responsiveness and
interpretability of the tools, following a reliable
and systematic methodology.

The search was carried out using three data-
bases, PubMed, Embase and CINAHL, with no
time limitation and following the PRISMA state-
ment for systematic reviews. The last search was
carried out in May 2024, following the search strat-
egy protocol for the PubMed database described by
Terwee et al. This consists of a construct search
(patient-reported outcomes specific to foot and
ankle), a population search (non-pathological
population) an instrument search (instruments,
questionnaires, index, scales), the identification of
measurement properties and the application of
inclusion and exclusion filters. The aim is to critic-
ally evaluate, compare and summarize the measure-
ment properties’ quality of all self-administered
questionnaires that assess foot and ankle function
in patients with or without pathologies.

The following inclusion criteria were applied:
studies carried out of patients with no previous
foot or ankle pathology; patients aged over 18
years; studies based on patient-reported outcome
measures assessing foot function; published in
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English; studies obtaining measurement properties
based on the COSMIN criteria (structural validity;
internal consistency; reliability; measurement
error; hypothesis testing for construct validity;
cross-cultural validity/measurement invariance; cri-
terion validity and responsiveness).

Any studies based on questionnaires that had not
been validated with reliable criteria, or that were
specific to other areas of the human body, or
which had been carried out on animals, were
excluded.

Two members of the research team, experts in
psiychometrics, clinimetrics and systematic
reviews, analysed the obtained results. Each
reviewer applied the COSMIN criteria separately,
and then common points were discussed. In cases
of discrepancies, the two reviewers reached an
agreement and consensus with the rest of the team.

The data of each studio were extracted using a
standardized template according COSMIN criteria:
full title, year and country of publication, as well as
information on the number of dimensions and
items, type of population used for each study, pub-
lished cross-cultural adaptations, and measurement
properties and methodological quality of each
study.

Results

Thousand nine hundred and ninety-four studies
were identified in the first phase of the review. Of
these, 532 were eliminated due to duplication
among the databases. After reading the title and
abstract of the remaining 1462 papers, another
1375 were found to be inappropriate and were dis-
carded, leaving 87 to be read in full. This process
showed that another 67 were not related to foot or
ankle function, and were also discarded. Thus, 20
studies remained for the definitive analysis. This
selection process was designed in accordance
with the PRISMA statement for systematic
reviews (Figure 1).

Study population

The total sample population, among the 20 studies
analysed, was 1867 participants, of whom 42.7%

were men and 57.3% were women. The average
age of these participants was 47.85 years, ranging
from 18 to 88 years.

Dimensions and items

In this study, we analyse studies based on the ori-
ginal version of the FFL,'? the subsequent modifica-
tion, the FFI-Revised Short Form?® and are included
16 cross-cultural adaptations of the FFI and 2 cross-
cultural adaptations of the FFI-Revised Short Form.

The FFI is a self-administered questionnaire
containing 23 items divided into 3 subscales: pain
(9 items), disability (9 items) and activity limitation
(5 items). The respondent is instructed to complete
the questionnaire according to his/her experience
during the last week, using a Visual Analogue
Scale that ranges from 0 (minimum item score) to
9 (maximum score).'? In one adaptation of the
FFI, this score was made on a scale ranging from
0 to 4.2

Two adaptations of the FFI-Revised Short
Form®® were analysed. This version includes 34
items grouped into 5 subscales: pain (7 items), stiff-
ness (7 items), disability (11 items), limitation (3
items) and quality of life (6 items).

Cross-cultural adaptation

To date, 18 cross-cultural adaptations of the FFI
questionnaire or the FFI-Revised Short Form
variant have been made. The original The Foot
Function has been adapted and validated for use
in Dutch, German, Taiwan-Chinese, Danish,
Italian (2 versions), Spanish, Brazilian (3 versions),
French, Korean, Chinese, Thai, Turkish and Arab.
The FFI-Revised Short Form has been adapted
and validated for use in Polish and Norwegian
(Table 1).

Methodological quality

In terms of methodological quality, the original The
FFI questionnaire obtained the best results accord-
ing to the COSMIN criteria, with positive values
for the items Internal consistency, Reliability,
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Figure |. PRISMA flow diagram.

Hypothesis testing, Cross-cultural validity and
Responsiveness, and a negative value for
Criterion validity (Table 2).

The cross-cultural adaptations that obtained the
best results was the French version, with four posi-
tive points, followed by the German, Italian (2014),
Korean, Brazilian (2016) and Chinese versions,
each with three positive points.

The original version of the FFI-Revised Short
Form questionnaire obtained positive values for
Internal consistency and Reliability and a negative
value for Criterion validity. For the remaining
measurement properties, no data were provided.

The cross-cultural adaptation of the FFI-Revised
Short Form that obtained the best score was the
Norwegian version, with 6 positive values and 2
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Table I. Instruments included.
Number
Questionnaire title of items  Dimensions Cross-cultural adaptations
Foot Function Index (FFl) 23 items |: Severity of pain Dutch (Netherlands), German (Switzerland),
USA; 1991 2: Degreee of difficulty Taiwan-Chinese (Taiwan), Danish
3: Frequency (Denmark), Italian (Italy), Spanish (Spain),

French (France), Brazil (Brazil), Korean
(Korea), Chinese (China), Turkish (Turkey),
Thai (Thailand) and Arabic (Saudi Arabia)

Foot Function Index 34 items |: Pain and stiffness Polish (Poland) and Norwegian (Norway)

Revised Short Form
(FFI-RSF)
USA; 2006

2: Social/emotional issues
3: Personal disability
4: Social activities limitation

negative ones (Criterion validity and Hypothesis
testing).

Most of the studies examined did not report data
for structural validity. The only exceptions were the
Spanish adaptation of the FFI, which obtained a
negative value in this respect, having performed a
three-factor Confirmatory Factor Analysis, produ-
cing a Comparative Fit Index of 0.78 and a Root
Mean Square Error of Approximation of 0.23. On
the contrary, the Norwegian adaptation of the
FFI-Revised Short Form obtained a positive value
for a four-factor Confirmatory Factor Analysis,
with a comparative fit index of 0.10 and a standar-
dized Root Mean Square Error of Approximation of
0.07 (Table 3).

Practically all versions of the FFI obtained a
positive value for internal consistency, with a
Cronbach’s alpha value >0.70 for each subscale.
The Chinese adaptation of the FFI obtained the
highest value (0.99), followed by the Norwegian
version of the FFI-Revised Short Form, with
0.97. Two Brazilian versions of the FFI (2015
and 2017) did not report data in this respect.

For reliability, an Intraclass Correlation
Coefficient value >0.70 and a positive result were
obtained in most of the versions included in our
study. The Brazilian (2016) and Chinese versions
obtained a value of 0.99, and the original version
of the FFI-Revised Short Form obtained an
average value of 0.945. The Spanish and
Brazilian versions of the FFI (2015 and 2017) did
not report data in this respect.

The Chinese and the Brazilian 2016 versions of
the FFI and the Norwegian version of the
FFI-Revised Short Form obtained a positive value
for their results, with the smallest detectable
change being greater than the minimal important
change. In the other versions considered, minimal
important change was not defined and/or data
were not provided.

Most versions of the Index obtained an indeter-
minate score in the Hypothesis testing for construct
validity item, because the hypothesis was not
defined. The only exception to this was the original
English FFI, which obtained a positive value in this
respect.

Only six versions scored positively in the
Cross-cultural validity; the original English, the
Italian 2014, the Spanish, the French and the
Korean versions of the FFI, and the Norwegian
version of the FFI-Revised Short Form. No assess-
ment could be made of the other versions, as the
data provided were insufficient, non-homogeneous
or dissimilar to the original version.

The vast majority of versions scored negatively
for criterion validity, with <0.70 in their correla-
tions with the different tools used. Only the
German and French versions of the FFI reported
positive values.

Only two versions reported positive values for
Responsiveness: the original English FFI (because
its results were in accordance with the study
hypothesis) and the Norwegian FFI-Revised Short
Form, which obtained an Area Under the Curve



"X3PU| UONUNY 3004 |44 ‘SIUSWNIISU| JUSWS.INSES]| I[ESY JO UONIS[SS Y3 I0) SPJBpUBI§ Paseq-snsuasuQD NIWSOD

+ - + i + + + +  wJo4 1oys AemioN 7Z0T
i - - i i + + i wlio4 310ys ysljod £10¢
i - i i i + + ¢ ysy3u3 d4s 144 40 9007
i - - i i + + i dlqely 770t
é - - i i + + { eyl 020t
i - - i i + + i YsPanL 0ot
i i - i i i i { pasiasd jizedg /10T
i - - i + + + i assulyd £10T
i - - i + + + i AupI[eA |1zeig 910T
i - + & i + + { uea.oy 910¢
i i - i i i i { I'zedg §10C
i - - { i + + { paylpow uel®| q0¢
i + + i i + + { Yousl4 §10¢
i - + i i i + - ysiueds 4107
i - + i i + + i Uel®| +10¢
i i - i i + + { ysiueq 10¢
¢ - - i i + + i asauIyD-UEMIE] 800T
i + - i i + + i uewLIg: 800T
i i - i i + + ¢ UOISJSA 340ys y:ang S00¢

+ - + + i + + i ys1duz 40 1661

ssauaAlsuodsay Aupifea Aplfea Suns: Jouss  Aujiqerpy Aoudasisuod Apifea Aijenb [eoi8ojopoyialy
uoLRIID [en3n2-ss0JD) sosayodAH  juswiunses) [euJaau] [ean1on.aag

“ujenb [ed180jopoyrsw NIWSOD °T 2IqeL



(ponunuo))

pasiAad |izedg /0T

8980
/558°0- 100©04n3
9020
/9980 TATILS
6190
- /9980~ uemie| |44 /TT L6'0 966'0/986°0 866'0/9660 - 9saulyd £10T
61°0-/85°0"
SOvAH 80°|
- S10-/9€0- 9€4S TW'C 12E°| 660 8.0 - Aupifea 1zeag 910t
880~ 9¢4S
- 18°0 SVA - - ¥180 £v6°0 - ueaJo3 910¢
- - - - - - - l'zeag §10C
€9°0 S431
- [AYAVREE WA - - 26'0/06°0 560 - payipow uelel] g10C
1270 YVLOVI
€£°0 OVH
- €£°0/69°0 SVA - 8 26°0/6L°0 £6°0/98°0 - Yyoaus.i4 910¢
81°0-/6£°0"
OHSA
91°0-/6%°0- T14S €0
€9°0 SVA V3ISWY
- £5°0- |0Do4n3 - - - 9960 8£°0 14D 403108} € ysiueds 0T
- 1€°0-/690- 9€4S - - ¥6°0 960 - uelel] 10t
- - - - 960 L60 - ysiueq ¢10¢
- ¥¥°0/99°0- 9€4S - - 80 ¥60 - asaulyD-uemie] 800t
¢5°0- V10N
LL°0
uonduNg4 SYA
18°0 SVA
- 8'0-/€F'0— 9€4S - - 860 L60 - uew.R9 800¢
UOISJIA
- - - - 940 €60 - 3oys yaIng S00T
- 6¢50=Y - - 180 S6°0 - ysiduz 40 1661
Ny uonep.Io) DN VOl oas DI eyde V4D % aunnng  Awadoud juswaansesyy
s ysequouaD ddUBLIBA Joioey
ssauaAisuodsay ApI[eA uoLIIID Aijqelay Aduaasisuod
J0JJ3 JUSWRINSED|,| [eusoaU ApieA [eamonaasy

'SUOISJDA & jo sanuadoud Juswaunsesw jo AJewwns g ajqeL



"X3pU| uondun4 1004 3|44

090
Aianoe ured QYN
890-
CISOW Tl-puey £00
L0 HWYS w.o4
8.0 DNV CTISDd Tl-puey - - 160 L60 01°0 ML/14D S10313¢4 § 110yg AemION 70T
970 8TSvd
15°0
3upjlep\ OVH
19°0 OVH
- ¥9°0 SVA - - ¥8'0/8L°0 560 - wiio4 34oys ysljod £10T
90€0 wl.io4 14oyg
- awi BupjjepA 3 0§ - - 96'0/€6'0 560 - 144 Ys!18u3 41O 900
£5°0-/99°0- 9€4S - - 680 9.0 - dIqely 7T0T
805°0- SVA O3
T1£0-15as-03
- §569°0 SVA - - 960 ¥L6'0 - eyl 020t
C0°0-/€L°0- 9¢€4S
SL°0
/S€°0 O4 XOW
- £€€°0/69°0- SOV4 - - 6960 6960 - ysbpnl 070t
oNY uonep.Iod DJW Vol as oe)| eydje V4D % aumpnng  Auadoud juswaunsesyy
s ysequouad ddoUueBLIBA Joldeq
ssauaAIsuodsay ApI[eA uoLIID Aupqerpy Aduazsisuo)
JO.LID JUBWRINSES|,] [euIRIU ApIeA [eamdnaasy

(penunuod) g ajqeL



Cervera-Garvi et al.

<0.70. The remaining versions either did not cor-
rectly define their hypothesis or failed to report
the variance data.

Methodological quality score per
patient-reported outcome measures

Table 2 shows the scores obtained for the methodo-
logical quality of the four validations analysed, of
the 20 studies in total. These four patient-reported
outcome measures in particular were chosen
because they met the greatest number of
COSMIN criteria with a positive score. Thus, the
Norwegian FFI-Revised Short Form obtained six
positive items, the English FFI, five, the French
FFI, four and the English FFI-Revised Short
Form, two (Table 4).

Our analysis of the patient-reported outcome
measures showed that none were of excellent meth-
odological quality, and that they failed to meet most
of the criteria considered. The above four versions
met the criteria of Internal consistency and
Criterion validity but were rated as insufficient or
doubtful for the remaining criteria. The
FFI-Revised Short Form Norwegian version, with
three ratings of Very Good (in Structural validity,
Internal consistency and Criterion validity), was
the best measure in this regard.

Discussion

The FFI is widely used to analyse foot function.
In this systematic review, we analyse the meth-
odological quality of the original FFI and that
of the numerous cross-cultural adaptations that
have been proposed. In addition, we consider
the FFI-Revised Short Form questionnaire,
which was first published in 2006 as the basis
for a theoretical model of foot function based
on the World Health Organization International
Classification of Function (28), and several of
its adaptations.

In total, we examined 20 patient-reported
outcome measures: the original FFI, the original
FFI-Revised Short Form and all of their cross-
cultural adaptations. Of these instruments, the

Responsiveness
Inadequate
Inadequate
Inadequate
Adequate

BOX 10

BOX 9

Hypothesis

testing
Very good Adequate
Very good Very good

Very good Adequate
Very good Adequate

Criterion
Validity

BOX 8

BOX 7
Measurement
error
Inadequate
Inadequate
Adequate

Adequate Adequate

Reliability
Doubtful

Adequate
Adequate

BOX 6

Cross-cultural
validity
Inadequate
Inadequate
Inadequate
Doubtful

BOX 5

Internal
Consistency

BOX 4

Very good
Very good
Very good
Very good

Structural
validity
Inadequate
Inadequate
Doubtful
Very good

BOX 3

Content
validity

Doubtful
Doubtful
Doubtful
Doubtful

BOX 2

BOX |
PROM
development
Inadequate
Inadequate
Doubtful
Inadequate

English
FFI French
English
FFI-RSF
Norwegian

Table 4. Methodological quality scores per PROMs on a measurement property.

FFl: Foot Function Index.

FFl Or.
FFI-RSF Or.
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original FFI presented the best measurement prop-
erties, with five positive scores, followed by the
French version of the FFI, with four. The original
version of the FFI-Revised Short Form question-
naire obtained two positive scores for measurement
properties, and the best adaptation was that made
into Norwegian, with six positive results. The
other adaptations of the FFI and the FFI-Revised
Short Form presented very few positive items,
either due to an absence of data or because the
results obtained did not meet the minimum criteria
for methodological quality.

The COSMIN criteria were determined from the
measurement properties observed, for each of the
patient-reported outcome measures considered.
Those of Internal consistency (represented by
Cronbach’s alpha) and Reliability were met in
almost every case. All the studies that reported
results for [Internal consistency achieved a
Cronbach’s alpha of well over 0.7. Moreover,
none reported negative results; the Chinese
version of the FFI obtained an Intraclass
Correlation Coefficient of 0.99, with a time interval
of 4 days between repetition of questionnaires,
while the Brazilian version was found to be valid
for a maximum interval of 1 week in this respect.

On the other hand, for Criterion validity, the
vast majority of studies that provided results pro-
duced correlations with a negative rating. In this
respect, the German and French versions of the
FFI were the only ones to obtain positive ratings
in the COSMIN criteria. In most cases, the correla-
tions were obtained using the Visual Analogue
Scale or the Short Form-36 questionnaire. Among
the latter, the German and Korean versions of the
FFI obtained the best correlation results (0.81 in
both cases), while the Spanish FFI scored lowest,
with 0.63. All of the studies that used the
Short-Form-36 questionnaire to establish correla-
tions obtained a negative result.

Only two studies provided data regarding the
Structural validity criterion, the Spanish version
of the FFI and the Norwegian version of the
FFI-Revised Short Form. In both cases, a negative
score was obtained in this respect. Moreover, these
two studies were the only ones that performed a
confirmatory factor analysis of their questionnaires,

but the data obtained did not reflect a fit to the pro-
posed model.

Finally, only two studies provided data on the
Responsiveness item. The original English version
confirmed the study hypothesis in this respect, but
only the Norwegian version of the FFI-Revised
Short Form provided Area Under the Curve data
(0.78); the latter, moreover, was the only adaptation
to score positively for this item.

Our analysis shows the FFI-Revised Short Form
(both the original version and the adaptations) has
better measurement properties than the FFI and its
adaptations. In terms of methodological quality,
the Norwegian version of the FFI-Revised Short
Form presented the best cross-cultural adaptation
and validation, and therefore is considered most
useful for the analysis of foot and ankle function.
However, since this patient-reported outcome
measure has fewer adaptations than the FFI and
has been subjected to less critical analysis, further
validation is required, both of the original instru-
ment and of its different versions.

After analysing the methodological quality of
different transcultural adaptations of the FFI ques-
tionnaire, a deficit in positive scores related to
COSMIN criteria becomes evident. It is possible
that many of these adaptations are influenced by
the time when they were developed, although
there are also cases of much more recent adapta-
tions that exhibit poor quality. For better practice
and utilization of these adaptations, they should
be updated to enhance their methodological
quality, thereby making their use more reliable.

The greatest strength of our systematic review is
the rigorous methodology and analysis made of the
patient-reported outcome measures considered and
of their measurement properties. On the other hand,
it is also subject to some limitations, especially the
lack of specific instruments for the analysis of foot
and ankle function, validated in a population with
specific pathologies. Furthermore, several of the
studies examined did not report all of the data
obtained in their statistical analyses.

In conclusion, the FFI-Revised Short Form
questionnaire can be a useful instrument for asses-
sing foot and ankle function in a given population,
with or without related pathologies, and merits
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further analysis. Healthcare personnel should
choose, according to the study population, the
most appropriate version of this questionnaire,
namely one that has been cross-culturally adapted
and validated and which meets the minimum cri-
teria for methodological quality.

Clinical messages

e The self-administered FFI questionnaire
and its modified version, the FFI-Revised
Short Form, are appropriate tools for evalu-
ating the functional status of the foot and
ankle.

e In general, the majority of patient-reported
outcome measures for foot and ankle func-
tion present little evidence of their meas-
urement properties.
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