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A B S T R A C T

Background: The Foot and Ankle Ability Measure (FAAM) was developed by involvement of patients with
chronic ankle instability (CAI) and has acceptable measurement properties, but is not available in Danish.
Methods: FAAM was translated and culturally adapted into Danish, and its measurement properties were
assessed using Rasch analyses.
Results: A Danish version was produced with small adaptations, and content relevance was confirmed by
Danish patients. The 21-item ADL domain showed misfit to the Rasch model, but after removing six
items, the resulting 15-item scale displayed adequate fit. The Sports domain also exhibited misfit, but
after removing one item and adjusting due to differential item functioning related to age for another item,
a 7-item scale showed good fit. This resulted in a 22-item 2-dimensional Danish version of FAAM.
Conclusion: The 22-item Danish FAAM exhibits robust measurement properties for patients with various
conditions of the lower leg, ankle, and foot, including CAI.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of European Foot and Ankle Society. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Patient reported outcome measures (PROMs) are essential to
report outcomes of musculoskeletal conditions [1]. PROMs must
be adequate and valid for the target patients. Good measurement
properties are secured by high content validity (what does the
PROM measure?), and construct validity (how does it measure
it?) [2].

Chronic ankle instability (CAI) is a common condition, often
affecting younger persons [3]. Content validity is the most
important property of a PROM [4]. An optimal PROM to evaluate
CAI must be developed by involvement of patients with ankle
sprain/instability (e.g., through semi-structured interviews). How-
ever, to our knowledge, such a PROM does not yet exist.

There are PROMs that have involved patients with an ankle
sprain/CAI in some way, or have involved experts on ankle
instability, in the development processes. However, through
analyses of these PROMs for content validity in relation to patients
with CAI, it was concluded, that no existing PROM has been
adequately developed for patients with ankle instability. The two

best candidate PROMs [5] are the Lower Extremity Function Scale
(LEFS) [6], and the Foot and Ankle Ability Measure (FAAM) [7]. The
content and construct validity of LEFS and FAAM are described in
supplementary material 1. In conclusion, FAAM (developed for
“musculoskeletal disorders of the lower leg, foot, and ankle”) was
more specific than LEFS (developed for “any lower-extremity
musculoskeletal conditions”) [5], and there is strong evidence that
the measurement properties (construct validity) of LEFS are not
acceptable for patients with soft tissue ankle injuries [9,10].
Moreover, a recent Rasch analysis of the US version of FAAM was
conducted, and it was found that with some adjustments, FAAM
yields quite robust measurement properties in two dimensions of
outcome (ADL and Sport) [39].

FAAM is not available in a Danish version.
The aim of this study was to translate and culturally adapt FAAM

into Danish, and to assess its measurement validity through Rasch
analyses.

2. Materials and methods

2.1. Translation

Contents lists available at ScienceDirect
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re described in Supplementary material 2. Backward translation is
ot necessary when the dual panel method is used because the
ranslation is reconciled through consensus in the bilingual group.
he two methods have been subjected to a head-to-head
omparison and were found to be equal in terms of psychometric
esults, although the dual panel method was preferred by the
argeted patient population and by lay people [38]. A preliminary
ersion of the Danish FAAM (FAAM-DK) was generated.

.2. Cultural adaptation

To secure content validity [17] when adapting PROMs across
ultures, each item must be translated while maintaining the
ntended meaning [16,18]. Differences in culture or traditions can
lter the understanding or relevance of an item, which can be
djusted by field-testing the items on patients in the target setting.
herefore, we conducted individual cognitive interviews using a
hink aloud’ method with eight Danish patients with foot and
nkle problems (Table 1) recruited for the study at the outpatient
rthopedic foot and ankle clinic at Bispebjerg and Frederiksberg
ospital. The patients were asked to complete the translated PROM
hile reading each item aloud, then an experienced interviewer
robed the respondent about whether the questions, response
ptions, layout, and instructions were understandable and
eaningful in a Danish context.

.3. Face validity

Face validity, meaning that health care experts who treat these
atients perceive the items as relevant and understandable
19,20], was explored through telephone interviews with a group
f medical professionals comprised of three foot/ankle surgeons, 1
ports surgeon, and 3 physiotherapists specialized in the treatment
f foot and ankle conditions. This was done while they completed
he Danish FAAM. Each was sent a link to the digital version of the
ROM and asked to read the content of the PROM aloud, consider
ts format, layout, and content. Suggestions as to clarity and format
ere addressed.

.4. Construct validity and statistical methods

Construct validity relates to whether the response scores from
ach item, when added together in a summary score, satisfy the
onstraints of fundamental measurement [21–23]. When PROM
ata is congruent with (i.e., ‘fits’) certain statistical measurement
odels, such as a Rasch MTT model, it follows that the PROM
ossesses construct validity [21–23]. Construct validity of a PROM
s assessed by confirming its psychometric properties (described in
upplementary Table 1).
When PROM data fit a Rasch MTT model, this means that its

sychometric properties are satisfied and the instrument is said to
xhibit criterion-related construct validity [27,28].
In the present study, fit to a Rasch unidimensional measure-

ent model was assessed using Andersen’s conditional likelihood
atio test (CLR) [21]. Overall fit was investigated through obtaining

item-trait interaction chi-square values (a non-significant chi-
square indicates adequate model fit) [29,30], and individual item
fit was assessed by standardized item-person fit residuals (i.e., the
difference between observed and expected scores) to approximate
a Z-Score. Values between �2.5 indicates adequate fit to the model
[29,30].

Differential item functioning (DIF) was assessed using analysis
of variance [31] for three exogenous covariates: (1) Type of injury
(i.e., lower leg, ankle, or foot), (2) Gender, and (3) Age group (over/
under 50 years).

Local response dependency (LD) was assessed using principal
component analysis (PCA) of the residual correlations after
extraction of the Rasch factor [32], where positive residual
inter-item correlations of 0.3 above the mean total correlation
indicated significant LD [32].

Tests of unidimensionality were performed using the T-test
protocol described by Smith [33]. All above-mentioned tests are
implemented in the software program Rasch Unidimensional
Measurement Model (RUMM) [34], which was used to carry out all
psychometric analyses.

2.5. Subjects

For recruitment, 293 Danish-speaking patients seen in the
Department of Orthopedic Surgery outpatient clinic at Bispebjerg
and Frederiksberg Hospital for musculoskeletal disorders of the
lower leg, ankle, or foot were enrolled after relevant information
and written consent. The FAAM-DK questionnaire was sent to the
patients using the REDCapTM secure web application for online
surveys. There were 206 of the 293 recruited patients (70%) that
responded to the FAAM-DK questionnaire, 120 were females
(58.3%), and mean patient age was 49.5 years (range 19–91 years).
99 patients had conditions in the fore- or midfoot, 71 with ankle-
and hindfoot problems, and 36 with problems in the lower leg,
including the Achilles tendon. Data extraction from REDCap,
anonymization and SPSS formatting (version 26) for Rasch
analyses in RUMM (version 2030).

3. Results

3.1. Dual panel translation

The bilingual panel translated the US version of FAAM to
Danish, while finding and suggesting what they felt were
appropriate wordings for all items, introduction texts, and
instructions for completing the questionnaire. For some items,
more than one formulation was suggested by the bilingual panel,
and the most appropriate version was selected by the lay panel. For
example, the dual panel suggested several ways to translate Item
10 in the ADL subscale, ‘squatting’. This could be translated to the
closest thing in Danish (‘sidde på hug’ = crouching deeply, for
instance when talking to a small child), or it could be expressed as
something closer to a deep knee bend, or as ‘squatting’, a word
increasingly used amongst younger Danes. The lay panel chose the
broader form of ‘sidde på hug’, mostly because the target
population included all ages. All subsequent respondents in the
patient and clinician interviews supported this version. Very few
adjustments were suggested by the bilingual panel or subsequent
respondents. However, one adjustment worthy of note is Item 3 in

able 1
haracteristics of the eight patients who participated in cognitive interviews.

Female 64 years Osteochondral lesion ankle
Male 34 years Peroneal tendon and retinacle injury

Male 63 years Achilles tendon rupture.
Female 50 years Hallux valgus
Female 74 years Osteoarthritis ankle
Female 47 years Achilles tendinitis
Female 48 years Cavus foot
Female 34 years Nonunion of metatarsal fracture

58
the Sports scale, ‘landing’. In both panels, it was suggested the item
should become ‘landing after a jump’, which was endorsed by all
subsequent respondents. Most other items, text, and layout were
also endorsed without discussion or adjustment, which resulted in
a final Danish version of FAAM (Supplementary Fig. 1). A digital
version was used in the validation survey.
9
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3.2. Face validity

The content of the translated version of the FAAM was endorsed
by all seven health care professional who found the items to be
relevant with no suggestions for adjustments, and yielded practical
advice on the formatting and the text message that accompanied
the digital survey.

3.3. Results Rasch analysis

An initial analysis of all 29 items failed to fit a partial credit
Rasch model (X2 = 149, df = 58, p = 0.000). Further analyses were
conducted on the 21-item ADL scale and the 8-item Sports scale
separately.

3.4. ADL

For ADL, a 21-item model was also rejected (X2 = 130, df = 42, p
= 0.000), with excessive fit residual values for multiple items (see
Table 2). Six items (items 1, 10, 11, 12, 18, and 21) were
problematic, exhibiting either misfit to the model (excessive fit
residuals) or LD. Multidimensionality was then assessed using the
t-test procedure in RUMM to see if the 21 items constituted
separate subscales. This revealed that items 1–9 and item 12
loaded positively on the first principal component after extraction
of the Rasch factor, while the 11 other items loaded negatively,
thus indicating a bi-dimensional ADL scale. However, neither of
the resulting item sets displayed well-functioning Rasch scales.

Therefore, a strategy of item reduction based on fit statistics,
assessment of DIF and LD, and qualitative item content assessment
was employed. This resulted in a 15-item Rasch ADL scale, without
DIF for any exogenous covariates. Overall model fit was robust
(X2 = 28, df = 30, p = 0.59), with a reliability index (Person
Separation Index) of 0.95. The scale and its items are presented in
Table 3, which also shows the fit statistics for the individual items.
Item 15, ‘walking 15 min or more’, showed a moderately excessive
fit residual, which is likely due to local dependence with item 14
‘walking approximately 10 min’. The inter-item residual

Table 2
Individual item fit statistics for the 21-item ADL domain.

Item Location SE Residual DF ChiSq DF Prob

01 1.682 0.121 2.238 179.64 11.687 2 0.002899
02 0.618 0.116 �1.917 179.64 1.736 2 0.419846
03 �0.275 0.105 0.396 179.64 0.756 2 0.685343
04 �0.287 0.107 �1.945 177.78 4.516 2 0.104548
05 �0.303 0.108 �1.665 179.64 4.362 2 0.112915
06 0.254 0.108 �1.466 180.57 3.128 2 0.209302
07 �0.042 0.113 �1.326 180.57 4.46 2 0.107524
08 �0.839 0.107 �1.801 181.5 6.285 2 0.043179
09 0.242 0.106 �0.048 180.57 0.523 2 0.769814
10 �1.437 0.091 6.203 173.13 37.429 2 0.000000
11 �1.494 0.094 6.845 176.85 14.581 2 0.000683
12 0.387 0.102 2.015 180.57 7.139 2 0.028165
13 0.992 0.112 �1.162 181.5 2.855 2 0.239945
14 0.221 0.102 �1.34 180.57 2.985 2 0.224771
15 �0.594 0.099 0.755 180.57 0.708 2 0.701700
16 0.895 0.113 �2.036 179.64 6.619 2 0.036542
17 0.701 0.114 �1.28 178.71 2.874 2 0.237681
18 2.203 0.126 �0.014 177.78 1.451 2 0.484201
19 0.208 0.11 �1.458 172.2 4.816 2 0.089996
20 �1.679 0.102 �0.633 169.4 1.698 2 0.427815
21 �1.453 0.099 2.933 168.47 9.918 2 0.007021

Table 3
Item description and fit statistics for the 15-item ADL scale.

Item Type Location SE Residual DF ChiSq DF Prob

I0002 Walking even ground 0.724 0.126 �1.166 174.12 0.575 2 0.750049
I0003 Walking barefoot �0.331 0.114 2.003 174.12 5.685 2 0.058276
I0004 Walking up hills �0.343 0.118 �1.09 172.3 1.591 2 0.451458
I0005 Walking down hills �0.352 0.118 �0.726 174.12 1.538 2 0.46353
I0006 Going up stairs 0.286 0.119 0.537 175.04 0.052 2 0.974558
I0007 Going down stairs �0.076 0.124 �0.129 175.04 0.56 2 0.755772
I0008 Walking uneven ground �1.015 0.118 �1.085 175.95 5.722 2 0.057205
I0009 Stepping up/down curbs 0.272 0.116 1.217 175.04 1.625 2 0.443848
I0013 Walking 5 min 1.224 0.122 �0.479 175.95 0.818 2 0.664353
I0014 Walking 10 min 0.279 0.112 0.092 175.04 1.564 2 0.457464
I0015 Walking 15 min �0.696 0.109 2.947 175.04 1.621 2 0.444716
I0016 Home responsibilities 1.019 0.123 �0.684 174.12 2.22 2 0.329574
I0017 Activities of Daily Living 0.767 0.125 0.2 173.21 0.851 2 0.653567
I0019 Light/moderate work 0.243 0.12 �0.359 166.83 1.238 2 0.53838
I0020 Heavy work �2.001 0.112 1.126 164.1 1.924 2 0.382194

Table 4
Inter-item residual correlations. Note high correlation between items 14 and 15 (more than 0.3 above mean of all correlations).

I0002 I0003 I0004 I0005 I0006 I0007 I0008 I0009 I0013 I0014 I0015 I0016 I0017 I0019

I0003 0.341
I0004 0.019 �0.062
I0005 �0.063 �0.087 0.392
I0006 �0.124 �0.158 0.208 0.045
I0007 �0.104 �0.216 0.049 0.324 0.327
I0008 0.03 �0.107 0.122 0.236 0.063 0.107
I0009 �0.112 �0.194 �0.036 �0.126 0.119 0.102 0.108
I0013 0.197 0.044 �0.175 �0.206 �0.233 �0.25 �0.311 �0.179

I0014 �0.028 �0.077 �0.185 �0.297 �0.212 �0.278 �0.317 �0.233 0.456
I0015 �0.048 �0.166 �0.247 �0.271 �0.203 �0.215 �0.254 �0.182 0.176 0.515
I0016 �0.125 0.006 �0.287 �0.202 �0.104 �0.178 �0.21 �0.119 0.064 �0.049 �0.119
I0017 �0.184 �0.209 �0.192 �0.21 �0.171 �0.231 �0.18 �0.087 �0.13 �0.05 �0.046 0.395
I0019 �0.238 0.008 �0.243 �0.203 �0.283 �0.239 �0.101 �0.125 �0.088 �0.077 �0.058 0.09 0.282
I0020 �0.341 �0.095 �0.202 �0.098 �0.181 �0.115 �0.032 0.014 �0.233 �0.211 �0.177 �0.006 0.099 0.213
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orrelations (including the evidence of LD between items 14 and
5) can be seen in Table 4. The category thresholds for all 15 items
unctioned as expected as seen in Fig. 1, which indicates that the
esponse options for these items are meaningful and relevant for
hese patients. Fig.1 also reveals the order of the items from easiest
bottom) to most difficult (top). The scale is well-targeted to the
roup, albeit there is a slight ceiling effect, as around 12% of the
ersons are at the ceiling, as seen in the person-item distribution
istogram in Fig. 2.

3.5. Sports

For the sports scale, an 8-item model was rejected (X2 = 29.5, df
= 16, p = 0.021). Item 6 ‘low load activities’ exhibited reversed
thresholds and response structure compared with the other seven
items (i.e., item 6 had a ceiling effect while all the other sports
items exhibited a floor effect or a symmetric response distribution
across all response categories as seen in Table 5). Deletion of item 6
revealed improved overall fit, but uniform DIF by age group for

Fig. 1. ADL scale showing ordered response categories and item difficulty from easiest (walk 5 min) to hardest (heavy work).

ig. 2. Distribution of person locations relative to item locations on the latent trait. The plot shows that the ADL items are well targeted the patients with a slight ceiling effect,
s around 25 patients (12%) are at the least affected end of the scale (to the left).

able 5
ategory frequencies for the full 8-item FAAM Sports scale.

Item Label No difficulty Slight difficulty Moderate difficulty Extreme difficulty Unable to do

1 Running 13 17 25 33 94
2 Jumping 22 18 44 31 74

3 Landing 21 23 32 40 72
4 Start/stop quickly 38 35 37 39 41
5 Cutting 34 39 40 37 43
6 Low impact activities 83 55 22 9 23
7 Ability to perform athletic activities normal.... 20 35 38 46 54
8 Ability to participate in sports.... 9 23 23 29 91

591



K.C. Obionu et al. Foot and Ankle Surgery 28 (2022) 588–594
item 2 ‘jumping’ was found (the over 50 group had elevated
scores). After splitting item 2 for age group, good overall fit to a
partial credit model was found (X2 = 14, df = 14, p = 0.45) and
individual item fit was also acceptable. DIF equating revealed that
raw score adjustment between the groups of 1 point across most of
the scale is appropriate (see Fig. 3). Thus, in order to compensate
for the DIF observed across age groups, the Sports scale should be
adjusted such that patients under 50 years old should receive an
extra point (on the raw scale from 0 to 28 points). If the total score
is transformed to a 0–100 scale, then the score should be adjusted
by approximately 3.5 points. Fig. 4 shows that the thresholds
across response categories were ordered as expected. Lastly,

targeting of the FAAM-DK Sports scale was found to be adequate, as
seen in Fig. 5, although a floor effect was seen for 14% of the
surveyed patients.

3.6. Rasch analysis of the combined adjusted scales

For good measure, we conducted an analysis of the combined
22 items derived from the adjusted ADL and Sports scales. As
expected, this also failed to generate a partial credit Rasch model
(X2 = 76, df = 44, p = 0.002). The translated version of the original
29-item FAAM is shown in supplementary figure 6 and the
adjusted 22-item Danish PROM in supplementary figure 7.

4. Discussion

FAAM was successfully translated from English to Danish using
the Dual-Panel translation method, with few cultural adjustments
and demonstrated face validity. However, the two domains showed
inadequate measurement properties when assessed using a Rasch
modern test theory model. It was therefore necessary to remove
seven dysfunctioning items across the two domains and adjust one
item in relation to age in the sports domain, which displayed
differential item functioning (DIF), in order to obtain two scales
with acceptable measurement properties.

The measurement properties of the original FAAM were initially
assessed in the development study and FAAM was found to be
construct valid through analyses with an MTT model (two-
parameter graded response and one-parameter partial-credit item

Fig. 3. DIF equating shows that the under 50 population is less impaired by a single
point across most of the scale.

Fig. 4. Items of the Sport scale showing the items and ordered thresholds. Item 2, jumping, was split into an under- and an over- 50 group.
Fig. 5. FAAM-DK Sports scale shows adequate targeting, although there is some floor effect.
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esponse theory models) in a cohort of 1027 patients with a broad
ariety of foot and ankle conditions, as well as reliable and
esponsive [7]. Our data did not support this entirely, since the
onstruct validity of the scale was inadequate. Although we are the
rst to report minor issues for the Sports subscale, similar concerns
ave been reported by others for the ADL-subscale. In the Brazilian
daptation [36], data also supported a bi-dimensional ADL-
ubscale, and in the Spanish version [37], a tri-dimensional scale
as suggested, which led to the removal of two and six items,
espectively. Additionally, a recent analysis of the English version
ound that items 10 “squatting” and 11 “coming up on your toes”
ere problematic, which is consistent with results of both this
aper and results by Moreira et al. [36]. All these examples had
sed Confirmatory Factor Analysis or Rasch analysis.
The Rasch analysis demonstrated the importance of involve-
ent of patients in the development of a PROM. Item 1,
tanding’, showed a severe ceiling effect in that 60% answered
hat they had no problem, and it was one of the items that were
emoved. In a group discussion with patients, this item would
ost likely not have been found relevant to include. Construct
alidation by item response model methods can identify
ysfunctioning and unnecessary items, but it cannot identify
opics that are relevant for patients but missing from the scale.
hese can only be identified in the developmental process with
elevant patients.

The original English version, as well as several translated
ersions of FAAM, were found to contain misfitting items [36,37].
emoving these items secured the validity of the measurement
roperties of the PROM. Hence, the options are either to accept that
he full version has inadequate measurement properties, and thus
hould not be used at all, or to use the adapted version, which
ossesses acceptable content validity and measurement proper-
ies. Even though the focus for this study was to translate and adapt

 PROM that can be used to evaluate treatment of CAI, FAAM was
eveloped for a broad spectrum of ankle and foot conditions.
herefore, we chose to include such patients and not only
ndividuals with CAI in the assessment of the construct validity
f the scale. Therefore, the translated version of FAAM can be used
or lower leg, ankle and foot conditions in general, including CAI.

. Conclusion

The Rasch validated 22-item FAAM-DK is a suitable PROM to
valuate groups of patients with common foot and ankle disorders,
ncluding ankle instability.

Future studies will focus on collecting longitudinal data with
ppropriate global items in order to calculate changes in status that
re considered clinically relevant for the targeted patients (i.e.,
inimum Clinically Important Difference – MCID) [5]. In addition,
ross-cultural DIF across the English and Danish versions should be
ssessed. For optimal precision, sum scores for the 15-item ADL
cale and the 7-item Sport scale must be reported separately, as an
ggregated score is not valid. A slight adjustment of the Sports
cale score should be used for patients <50 years of age.
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