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ARTICLE INFO ABSTRACT

Level of Evidence: 3 The Foot and Ankle Ability Measure (FAAM) is a patient-reported outcome measure that is available in several lan-

Keywords: guages. We aim to assess the structural and construct validity of the FAAM with an emphasis on pain and function-
convergent validity ality after foot surgery. The activities of daily living (ADL) and Sports subscales of the Finnish version of the FAAM
foot were completed by 182 patients who underwent operative treatment for disorders of the foot. Convergent validity
was assessed by principal component analysis using Spearman’s correlation coefficient between the FAAM sub-
scales and the principal components (Function-PC and Pain-PC) derived from validated patient-reported outcome
measures. Subscales were studied for floor and ceiling effects, internal consistency and unidimensionality. Internal
consistency was examined with Cronbach’s alpha and the subscale structure with exploratory factor analysis.
FAAM-ADL had high correlation with the Function-PC (r = 0.87, 95% confidence interval [CI] 0.81-0.91) and the
Pain-PC (r = 0.75, 95% CI 0.65-0.83). FAAM-Sports had moderate correlation (r = 0.64, 95% CI 0.50-0.74) with the
Function-PC and high correlation (r = 0.74, 95% CI 0.64-0.82) with the Pain-PC. No floor or ceiling effects were
observed. Cronbach’s alpha was 0.97 (95% CI 0.96-0.98) for the ADL and 0.93 (95% CI 0.91-0.95) for the Sports sub-
scales. The results supported the unidimensionality of the FAAM-Sports. Within the ADL subscale, 3 factors were
identified, suggesting a 3-factor model for the FAAM overall. Results highlighted the inter-relationship of pain and

physical function. Further research on longitudinal validity is needed.
© 2021 The Author(s). This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

outcome measure
psychometrical properties
questionnaire

The evaluation of patients with musculoskeletal disorders cannot
solely rely on solely on clinical examination, impairment-orientated
data, or radiological imaging. Indeed, validated and reliable outcome
measures are fundamental for the evaluation and comparison of the
effects of functional restrictions and rehabilitation. The Foot and Ankle
Ability Measure (FAAM) is an instrument used to evaluate the physical
function and activities of daily living (ADL) from a patient-reported per-
spective in individuals with foot and ankle impairments. Originally
developed in 2005 by Martin et al, the FAAM has been validated for
foot and ankle assessment and is widely used by orthopedic surgeons
(1-4). The FAAM is a 29-item questionnaire consisting of 21-item ADL
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and 8-item sport subscales (Sports). Translations and cross-cultural val-
idations of the FAAM are available for several languages, such as Dutch,
Turkish, French, Japan, Chinese, Persian, and Spanish (5-11). The Finn-
ish version of the FAAM has also been established and validated (12).
Patient-reported outcome measures (PROMs) should be chosen
according to their measurement properties, which include reliability,
validity, and repeatability (13). Previous studies have shown FAAM to
be a reliable instrument for the evaluation of several foot and ankle
pathologies, with both good content and construct validity and respon-
siveness (2,4,14). Additional evidence in support of the construct valid-
ity of the FAAM has been provided for chronic ankle instability (5,6).
Furthermore, systematic reviews by Eechaute et al and Martin et al
have described the evaluative aspects and the usefulness of the FAAM
in the quantifying of functional limitations in patients with a variety of
leg, foot and ankle pathologies (15,16). A recent study found a correla-
tion between self-reported depression and higher dysfunction
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measured with the FAAM (17). Moreover, structural validity with unidi-
mensionality on both subscales of the FAAM has been confirmed with
Rasch Measurement Theory analysis in traumatic foot and ankle
patients (18).

There is significant variance in the measurement properties
between different PROMs. Furthermore, it is important that the areas of
disability experienced by patients after foot and ankle surgery are fully
understood. Therefore, more research is needed to reveal the psycho-
metrical properties of the existing instruments. Pain-related disability
can be a central feature of the patient-experience of operated foot
patients. However, there is a scarcity of studies that have directly inves-
tigated the correlation between physical function and pain interference
and the FAAM.

Our primary aim was to determine whether physical function and
pain correlate with the FAAM in surgically treated patients with chronic
foot pathology. Our secondary aim was to assess the structural and con-
struct validity of the FAAM by studying the psychometrical properties
of the FAAM subscales. We undertook a principal component analysis
to analyze the convergent validity for the pain and functionality
aspects, using the pain and functionality subscales from previously vali-
dated PROMs as a reference tool. To analyze the unidimensionality, an
exploratory factor analysis (EFA) was used to analyze the subscale
structure.

Patients and Methods

This was a multicenter study conducted between January 2018 and November 2018.
Potential participants consisted of patients who were receiving surgical treatment for a
chronic foot disorder. The patients for this study were recruited from 2 large academic
centers: Oulu University Hospital (Oulu, Finland) and Peijas Helsinki University Hospital
(Vantaa, Finland). The inclusion criteria of the study were at least 18 years of age, a
chronic foot pathology diagnosed by a physician, a full understanding of the written lan-
guage, and the signing of an informed consent from adhering to the principals of the Dec-
laration of Helsinki (19). Exclusion criteria were aged less than 18 years, severe untreated
mental illness and not understanding the Finnish language. The study protocol was
approved by the Ethics Committee of Helsinki and Uusimaa Hospital District and study
permission was obtained from the recruiting hospitals.

Patients completed a preoperative information form containing clinical and sociode-
mographic questions as well as an item regarding the current state of their general health.
Patients completed either a paper version of the Finnish version of the FAAM or an elec-
tric version on a tablet computer (iPad, Apple) simultaneously with selected Visual Ana-
logue Scale Foot Ankle (VAS-FA), Foot and Ankle Outcome Score (FAOS), Manchester-
Oxford Foot Questionnaire (MOXFQ), Lower Extermity Function Scale (LEFS) and Euro-
pean Foot and Ankle Society Score (EFAS) subscales concentrating on pain and functional-
ity. Electronic data were collected 6 months after the surgery using the Webropol survey
platform (Webropol Oy, Helsinki, Finland).

Patient-Reported Outcome Measures
FAAM

Each item of the FAAM is scored on a 5-point Likert scale with 4
points representing no difficulty at all; 3 points, slight difficulty; 2
points, moderate difficulty; 1 point, extreme difficulty; and 0 points,
unable to do. The sixth option is not applicable (N/A) if patients feel
that this item does not concern them. If all items are answered, the ADL
and Sports subscales have a maximum score of 84 and 32, respectively.
The obtained scores are transformed to percentages by dividing them
with the maximum potential score and then multiplying the result by
100. Higher scores indicate a higher level of functional status in each of
the 2 subscales (2). Previous research suggests that the electronic ver-
sion of the Finnish version of the FAAM has satisfactory construct valid-
ity, coverage, and targeting of the scales in electively operated foot and
ankle patients (14).

VAS-FA

The VAS-FA is a foot and ankle-specific PROM, in which 20 items
have been divided into 3 modules: (1) Pain (4 items), (2) Function (11
items), and (3) Other complaints (5 items). For each question, a VAS-
value ranging from O to 100 points is possible. Therefore, the total value
for the entire score (all 20 questions answered) is therefore 0 to 2000
points, which is divided by 20, resulting in a possible total score ranging
from 0 to 100 points. To assess the results from a single category, the
total score from the category is divided by the number of questions.
The VAS-FA questionnaire has been validated in several languages,
including Finnish (20-23).

FAOS

FAOS, developed from the self-reported questionnaire KOOS (Knee
Injury and Osteoarthritis Outcome Score) questionnaire, consists of 42
items divided into 5 subscales covering different dimensions: (1) Symp-
toms (7 items); (2) Pain (9 items); (3) ADL (17 items); and (4) Sport and
Recreation Activities (5 items), and foot and ankle-related quality of life
(QoL, 4 items). Each item is scored on a 5-point Likert scale from 0 to 4.
Raw scores are standardized into a 0 to 100 scale, with higher scores
indicating higher dysfunction. FAOS has been validated for a variety of
foot and ankle disorders (24,25,42,43).

MOXFQ

Developed originally for the evaluation of the results after hallux
valgus surgery, the MOXFQ has been validated for foot and ankle sur-
gery (26-28). Furthermore, it has been proved to be a reliable and valid
patient-reported instrument with acceptable responsiveness in
patients with various foot and ankle conditions (29). The MOXFQ con-
sists of 16 items, divided into 3 subscales: (1) Walking/standing (7
items), (2) Pain (5 items), and (3) Social interaction (4 items). Items are
scored on a 5-point Likert scale from 0 to 4, with 4 denoting the most
severe response. Raw scores are then converted to a 0 to 100 scale in
which the maximum score indicates the highest dysfunction.

Modified LEFS

The modified LEFS consists of 15 items, evaluated on a 5-point scale
with scores ranging from 0 (extreme difficulty/unable to perform activ-
ity) to 4 (no difficulty). The maximum score of 80 indicates no func-
tional limitations and the minimum score of O indicates extreme
limitations. The literature concerning the measurement properties of
LEFS scores indicates that it is a reliable, valid, and responsive tool for
assessing functional status in several populations with lower extremity
musculoskeletal conditions (30). A recent study concerning LEFS
showed suboptimal longitudinal validity in a generic sample of ortho-
pedic foot and ankle patients (44).

EFAS Score

EFAS Score was developed, validated and published by the European
Foot and Ankle Society (31). Covering pain and physical function, the
EFAS Score has been validated in 7 European languages, including Finn-
ish, and has been found to be internally consistent, unidimensional,
and responsive to change in samples of orthopedic foot and ankle sur-
gery patients (31,32). The EFAS Score contains 6 questions with a maxi-
mum score of 24 points indicating no limitations and a minimum score
of 0 points indicating extreme limitations. In the original validation
process, the development of the EFAS Sports Score was unsuccessful.
According to the validation process in the Finnish language, a 4-item
Sports score could, however, be considered. The EFAS Sports Score has
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a maximum score of 16 points indicating no limitations and minimum
score of 0 points indicating extreme limitations.

Sample Size Calculation

To test the psychometrical properties, assuming the null hypoth-
esis of a mean square error of approximation (RMSEA) from 0.04 to
0.085, with an alpha value of 0.05, a statistical power of 0.8 and a
maximum of 26 degrees of freedom, as presented by MacCallum
et al, a sample size of 180 patients was required for the analyses
(33). This number was then over-estimated by approximately 10%
to cover possible losses.

Statistical Analysis

Descriptive statistics including means and standard deviations were
reported to assess and describe the ADL and Sport subscale outcome
measures. Floor and ceiling effects for the subscales were confirmed if
at least 15% of patients scored the minimum or maximum points (34).
Further, the proportions of minimum and maximum score responses
for each item were calculated. Cronbach’s alphas of the FAAM as well as
of the subscales were calculated to assess the internal consistency. A
Cronbach’s alpha value between 0.70 and 0.95 was considered ideal
(35). Bootstrapped 95% confidence intervals (95% Cls) were estimated
with 1000 repetitions.

The 2-subscale structure of the FAAM was examined using EFA.
The number of factors included in further examination was deter-
mined by conducting a parallel analysis. In the EFA, the maximum
likelihood method was used with varimax rotation. An item with
a factor loading value over 0.4 was interpreted as sufficiently rep-
resenting the given underlying factor. To assess the importance of
each identified factor, the proportion of the variance explained as
well as the sum of the squared loadings for each factor were cal-
culated. In addition, eigenvalues of each factor were examined to
measure how much of the variance of the observed variables a
factor explains. The sum of the squared loadings’ value and an
eigenvalue of 1 was used as a cut-off value with higher values
suggesting the retaining of the factor in the model. The total pro-
portion of the variance explained was then calculated. Communal-
ities of the items were examined to assess how strongly each
item contributes with the factor model provided by the factor
analysis.

To assess convergence of the FAAM subscales with the main con-
cerns of patients undergoing foot surgery, we formed principal compo-
nents (PCs) for pain and functionality using existing, validated PROM
instruments. Two separate principal component analyses were con-
ducted. All items of the Pain subscales of the VAS-FA, FAOS, and MOXFQ
instruments were included in the first analysis, and all items of the
LEFS, VAS-FA Function subscale, FAOS ADL subscale, and MOXFQ Walk-
ing subscale were included in the second analysis. In both principal
component analyses, the first factor with the highest eigenvalue was
selected for further examination. Spearman’s correlation coefficients
with 95% confidence intervals of the identified principal components of
pain and functioning with the FAAM ADL and Sports total scores were
calculated. Spearman’s correlation coefficients were interpreted as fol-
lows: negligible (from 0.00 to 0.29), low (from 0.30 to 0.49), moderate
(from 0.50 to 0.69), and high (from 0.70 to 1.00). Locally estimated scat-
terplot smoothing (LOESS) curves were drawn for the principal compo-
nents against the FAAM subscales to assess the further investigation of
the association between the FAAM scores with pain and function prin-
cipal components.

Patients with more than 2 missing values for each of the FAAM
subscales were excluded from the analysis. Statistical significance
was defined at the 5% (p < .05) level. Statistical analyses were

performed using R statistical software (version 3.1.6) (36). The R
packages tidyverse, psych, RVAideMemoire, and Itm were used in
the analyses (37-40).

Results

A total of 182 patients [47 male (25.8%) and 134 female (73.6%), p <
.001] with sufficient responses to the Finnish version of the FAAM and
the reference instruments were included in our study. The demo-
graphic information, the score distributions of the instruments, and the
proportions of disorders and surgical procedures are presented in
Table 1. The mean age of the patients was 56.8 years (standard devia-
tion [SD] 12.1, range 18-81 years). The most common diagnoses among
the patient population were hallux valgus (19.1%), hallux rigidus
(13.7%) and other toe deformities (13.2%). The most common surgical
operations carried out were fusion of the first metatarsal joint (32.4%),
osteotomy or rotation osteotomy of first metatarsal bone (13.7%) and
other operations on bones of the foot (11.0%). More detailed informa-
tion on the diagnoses and surgical operations are presented in Table 1.

The ADL score distribution (mean 74.4, SD + 19.5) was not normal,
but skewed towards the higher scores, while the Sports score distribu-
tion (mean 55.9, SD + 27.0) was flat covering the entire scale (Fig. 1).
Maximum scores in the ADL subscale were obtained from 8 (4.3%)
patients, whereas no patients scored minimum points. In the Sports
subscale, one patient (0.5%) scored minimum points and 10 (5.4%)
patients scored maximum points. Thus, with the threshold of 15% of
patients, no floor or ceiling effects were observed in either of the sub-
scales. The mean scores of each of the PROM instruments are presented
in Table 2.

In the ADL subscale, the proportion of minimum score responses
was less than 15% in all items (Table 3). Conversely, the proportion
of maximum score responses was more than 15% in all items,
except 2. In the Sports subscale, 5 out of 8 items had the proportion
of maximum score over 15% and 1 out of 8 had the proportion of
minimum score over 15%. Cronbach’s alpha of the FAAM instrument
was 0.97 (95% CI from 0.96 to 0.98). Alphas of the ADL and Sports

Table 1

Sociodemographic characteristics of the participants (N = 182)

Age (years), Mean (SD) 56.8 (12.1)

Gender, n (%)
Male 47 (25.8)
Female 134 (73.6)
BMI (kg/m?), mean (SD) 27.3 (4.6)

Diagnosis, n (%)

Hallux valgus 53(19.1)
Hallux rigidus 25(13.7)
Other toe deformity 24(13.2)
Arthrosis 24(13.2)
Metatarsalgia 9(4.9)
Pes planus 9(4.9)
Rheumatoid arthritis 6(3.3)
Gout 5(2.7)
Cyst or ganglion 5(2.7)
Other 22(12.1)

Operation, n (%)

Fusion of first tarsometatarsal joint 59 (32.4)
Osteotomy or rotation osteotomy of first metatarsal bone 25(13.7)
Other operation on bone of foot 20(11.0)
Arthroplasty of tarsometatarsal or interphalangeal joint 15(8.2)
Osteotomy or rotation osteotomy of [I-V metatarsal bone 11(6.0)
Other joint fusion of foot 11(6.0)
Operation on muscle, tendon, fascia, ganglion, synovial sheath or bursa 10(5.5)
of foot
Other fusion between bones of foot 9(4.9)
Other 17 (9.3)
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Fig. 1. Distribution of the FAAM activities of daily living (ADL) and sports subscale scores among the patient population.

subscales were 0.97 (95% CI from 0.96 to 0.98) and 0.93 (95% CI
from 0.91 to 0.95), respectively.

The principal component formed of the function items (Function-
PC) of the reference instruments had an eigenvalue of 24.1. The func-
tion principal component explained 48.3% of the variance of the func-
tion items of the reference PROMs. Formation of the principal
component of the pain subscales (Pain-PC) of reference instruments
resulted in a principal component that explained 52.0% of the variance
of the pain items in the reference PROMs with an eigenvalue of 9.4. The
results of the correlation analyses between the FAAM subscales and the
pain and function principal components are presented in Fig. 2 with
Spearman correlation coefficients. The correlation between the ADL
subscale and the Pain-PC (Spearman’s r = 0.75, 95% CI from 0.65 to 0.83)
and the Function-PC (r = 0.87, 95% CI from 0.81 to 0.91) were high. The
correlation was moderate between the Sports subscale and the

Table 2

Scaled patient-reported instrument scores (mean 0-100) and standard deviations (SD)
Patient-Reported Outcome Measure Mean Score (SD)
FAAM ADL 74.4(19.5)
FAAM sports 55.9 (27.0)
EFAS score 47.5(21.1)
EFAS sport 38.9(26.3)
FAOS ADL 79.9 (19.0)
FAOS pain 57.0(20.1)
FAOS QoL 34.9(20.8)
FAOS sport 53.8(28.2)
FAOS symptoms 67.9 (20.7)
LEFS 82.1(14.6)
MOXFQ pain 42.1(19.2)
MOXFQ social 42.9(20.0)
MOXFQ walking 65.7 (19.8)
VAS-FA function 65.7 (19.8)
VAS-FA pain 53.7(19.7)
VAS-FA other 59.2(17.9)

Abbreviations: ADL, activities of daily living; QoL, quality of life.

The instruments used included Foot and Ankle Ability Measure (FAAM), European Foot
and Ankle Society (EFAS) Score, Foot and Ankle Outcome Score (FAOS), Lower Extremity
Function Score (LEFS), Manchester-Oxford Foot Questionnaire (MOXFQ), and Visual Ana-
logue Scale of Foot and Ankle (VAS-FA) (N = 182).

Function-PC (r = 0.64, 95% CI from 0.50 to 0.74) and high between the
Sports subscale and the Pain-PC (r = 0.74, 95% CI from 0.64 to 0.82). The
LOESS curves between the PCs and the FAAM subscales showed consis-
tent strength associations through the scale of the subscale scores.

Before conducting the factor analysis, patients with missing values
were excluded, resulting in 146 patients with complete data. Parallel
analysis resulted in 3 factors, which were included into the EFA. Instru-
ment items 1 to 12 and 16 to 18 loaded strongest on factor 1, items 19
to 29 on factor 2, and items 13 to 15 on factor 3. The results of factor
analysis are presented in Table 3. According to the results of the factor
analysis, the 3-factor model completely explained the total variance of
the item scores. The sum of the squared loading values of all 3 factors
was over 1, indicating the relevance of these factors. Communalities of
the items varied between 0.43 and 0.98, suggesting those items with
lower values may contain constructs beyond the factors of the model.

The results suggest a 3-factor model for the Finnish version of the
FAAM. Factor 1 included items concerning basic foot functions and ADL,
whereas Factor 2 concentrated on actual walking ability. Factor 3 con-
sisted of items concerned with heavy performance and sports.

Discussion

The purpose of this study was to examine the relevance of physical
function and pain interference in using the FAAM, to confirm any addi-
tional psychometric properties and to further validate the FAAM for
surgically operated patients with chronic foot conditions. Previous
research on the FAAM has conventionally used general PROMs in the
validation process. We are unaware of any previous study that has used
principal component analysis with Function- and Pain-PCs to investi-
gate the relationship between physical function and pain interference
and the FAAM as well as assessing the convergent validity of the FAAM.

High correlation of the ADL subscale with both principal compo-
nents representing function (Spearman’s r = 0.87) and pain (r = 0.75)
suggests that the ADL subscale captures the functional and pain out-
comes of the foot patients. Nevertheless, none of the 21 items in the
ADL subscale examine the pain condition, as questions related to pain
were left out during the validation process of the original FAAM (2).
Based on our findings, it seems that there may be an underlying
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Table 3
The floor and ceiling effects, identified factors, and the correlation coefficients of each factor derived from the FAAM subscale items
Item Floor and Ceiling Effect Results of Factor Analysis
Identified Factors Communality
Min (%) Max (%) 1 2 3
ADL
1 Standing 0 33 0.71 0.24 0.28 0.64
2 Walking on even ground 0 31 0.73 0.16 0.45 0.77
3 Walking on even ground without shoes 2 28 0.66 0.19 0.42 0.65
4 Walking up hills 1 25 0.83 0.29 0.25 0.84
5 Walking down hills 1 23 0.84 0.24 0.24 0.82
6 Going up stairs 1 30 0.81 0.31 0.27 0.82
7 Going down stairs 1 28 0.83 0.26 0.21 0.81
8 Walking on uneven ground 2 18 0.76 0.28 0.31 0.76
9 Stepping up and down curbs 1 34 0.76 0.32 0.25 0.73
10 Squatting 2 33 0.60 0.31 0.19 0.50
11 Coming up on your toes 9 22 0.61 0.40 0.24 0.59
12 Walking initially 0 40 0.64 0.21 0.45 0.65
13 Walking 5 minutes or less 0 49 0.49 0.10 0.81 0.89
14 Walking approximately 10 minutes 2 42 0.40 0.21 0.88 0.98
15 Walking 15 minutes or more 3 30 0.48 0.29 0.71 0.81
16 Home responsibilities 0 44 0.51 0.40 0.08 0.43
17 Activities of daily living 0 39 0.56 0.40 0.11 0.49
18 Personal care 0 56 0.56 0.38 0.13 0.47
19 Light to moderate work 0 22 0.50 0.56 0.03 0.57
20 Heavy work 6 13 049 0.68 0.03 0.70
21 Recreational activities 10 6 0.27 0.53 0.27 0.43
Sports
22 Running 4 20 0.18 0.68 0.13 0.51
23 Jumping 8 19 0.14 0.80 0.13 0.68
24 Landing 9 21 0.14 0.84 0.08 0.73
25 Starting and stopping quickly 15 11 0.35 0.79 0.13 0.76
26 Cutting/lateral movements 13 10 033 0.77 0.09 0.71
27 Low impact activities 12 11 0.22 0.73 0.15 0.61
28 Ability to perform activity with your normal technique 6 19 0.26 0.70 0.13 0.58
29 Ability to participate in your desired sport for as long as you would like 5 19 0.19 0.64 0.13 0.47
Eigenvalue 15.70 3.28 1.57
Sum of squared loadings 9.05 7.03 3.32
Proportion of variance explained 47% 36% 17%

To facilitate the interpretation of the results, items in the activities of daily living (ADL) and sports subscales are organized according to the factor loading values.

Spearman rho = 0.75; 95% Cl = 0.65 to 0.83 10 Spearman rho = 0.64; 95% CI = 0.50 to 0.7%
10 " g
O O S . %o .J s
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20 Spearman rho = 0.87; 95% Cl = 0.81 to 0.91 Spearman rho = 0.74; 95% Cl = 0.64 to 0.82
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Fig. 2. Correlation between the FAAM activities of daily living (ADL) and sports subscale scores and the function and pain principal components (PCs) derived from the reference instru-
ments and presented in locally estimated scatterplot smoothing (LOESS) curves.
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relationship between pain-related disability and the FAAM. This finding
is in line with previous research, as the Patient-Reported Outcome Mea-
surement Information System function and pain measures correlated
with FAAM ADL scores, highlighting the inter-relationship of pain and
function when assessing outcomes in patients with hallux valgus (41).
The Sports subscale had moderate correlation (r = 0.64) with the Func-
tion-PC and high correlation (r = 0.74) with the Pain-PC.

These findings suggest that pain has a prominent influence on both
daily living related- and sport-related outcomes. Furthermore, as
patients with severe pain may not participate in recreational activities,
they may report inaccurate function-related outcomes. The validity of
the original FAAM and the various translated versions has been investi-
gated by determining its relationship with other self-reported outcome
instruments. The original validation research on the FAAM along with
the French (7), Japanese (8), and Persian (10) translations have found a
good correlation between the FAAM subscales and the physical compo-
nent of the SF-36 questionnaire.

The FAAM and its subscales demonstrated good internal consistency.
The results were similar to those reported by previous validation studies
of the FAAM, such as Spanish (ADL and Sport: 0.95) (11), Turkish (ADL:
0.95, Sports: 0.91) (6), German (ADL and Sports: 0.97) (5), and Persian
(ADL: 0.97, Sports: 0.94) (10). Conversely, high (> 0.90) alpha values may
suggest redundancy among the test items, as the items may be too similar
(15). There were no floor or ceiling effects, which indicates a proper cover-
age of chronic foot conditions in the Finnish version of the FAAM.

Within the Sports subscale structure, the results supported unidi-
mensionality as factor 2 loaded on items concentrating on heavy per-
formance and sports (items 22-29). On the other hand, the ADL items
19 to 21 also loaded on factors concentrating on heavy performance,
suggesting that these factors could also be suitable for the Sports sub-
scale. Within the ADL subscale, 3 factors were identified. Therefore, the
assumption of the 2-subscale structure was dismissed, and a 3-factor
model was suggested. Those factors detected in the factor analysis
were referred to using the following dimensions: (1) ADL (with the
items number 1-12 and 16-18), (2) heavy performance and sports
(items number 19-29), and (3) actual walking ability (items number
13-15). The number of identified factors is not, however, consistent
with the original, Dutch, French, Japanese, or Persian versions, that
identified only 1 factor for the ADL subscale (2,5,7,8,10).

There were some limitations in the present study that need to be
recognized. Our results differ from the original FAAM, which identified
only 1 factor for the ADL subscale. In the Finnish version, the ADL sub-
scale seems to measure latent traits, which needs to be considered
when using the instrument. Although a large and heterogeneous study
population is excellent when considering analyses and generalizability,
it can cause some problems. The skewed distribution of subscale scores
in the ADL subscale could have influenced the EFA, which could there-
fore have resulted in the Finnish version having different factor struc-
ture compared with the original FAAM. Previously, the Spanish version
of the FAAM identified a 3-factor structure with a heterogeneous
patient population (11). Further, we were unable to retrieve enough fol-
low-up questionnaires from the patients, and thus we were unable to
obtain the test-retest responsiveness for the FAAM in this sample. In
addition, the dimensionality findings should be checked in a more
selected patient population, and the test-retest responsiveness should
also be checked. Despite the limitations, the findings of our study have
confirmed and extended the previous knowledge of the psychometric
properties of the FAAM. We used properly validated and widely used
foot and ankle specific PROMs, and the COSMIN checklist for psycho-
metric studies was used in the planning of the study analyses. The data
were collected from several large orthopedic centers which reduced
patient selection bias.

In conclusion, our results highlight the interplay between pain inter-
ference and physical function in chronic orthopedic foot conditions.

Based on the heterogeneity of the study population, this relationship
seems to be only slightly influenced by demographic factors. Although
we were also able to expand the existing body of knowledge of the psy-
chometrical properties of the FAAM, further studies on longitudinal
validity are still, however, needed with this version of the FAAM.

References

1. Zwiers R, Weel H, Mallee W, Kerkhoffs G, van Dijk C, Ramos AJ, Ajis A, Toom A, Orto-
lani A, Russo A. Large variation in use of patient-reported outcome measures: a sur-
vey of 188 foot and ankle surgeons. Foot Ankle Surg 2018;24:246-251.

2. Martin RL, Irrgang JJ, Burdett RG, Conti SF, Swearingen JMV. Evidence of validity for
the Foot and Ankle Ability Measure (FAAM). Foot Ankle Int 2005;26:968-983.

3. Shazadeh Safavi P, Janney C, Jupiter D, Kunzler D, Bui R, Panchbhavi VK. A systematic
review of the outcome evaluation tools for the foot and ankle. Foot Ankle Spec
2019;12:461-470.

4, Sierevelt I, Zwiers R, Schats W, Haverkamp D, Terwee C, Nolte P, Kerkhoffs G. Mea-
surement 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 2018;26:2059-2073.

5. Nauck T, Lohrer H. Translation, cross-cultural adaption and validation of the German
version of the Foot and Ankle Ability Measure for patients with chronic ankle instabil-
ity. Br ] Sports Med 2011;45:785-790.

6. Kulunkoglu BA, Celik D. Reliability and validity of the Turkish version of Foot and
Ankle Ability Measure for patients with chronic ankle disability. ] Foot Ankle Surg
2019;58:38-41.

7. Borloz S, Crevoisier X, Deriaz O, Ballabeni P, Martin RL, Luthi F. Evidence for validity
and reliability of a French version of the FAAM. BMC Musculoskelet Disord
2011;12:40.

8. Uematsu D, Suzuki H, Sasaki S, Nagano Y, Shinozuka N, Sunagawa N, Fukubayashi T.
Evidence of validity for the Japanese version of the Foot and Ankle Ability Measure. ]
Athl Train 2015;50:65-70.

9. Gonzalez-Sanchez M, Li GZ, Ruiz Munoz M, Cuesta-Vargas Al Foot and Ankle Ability
Measure to measure functional limitations in patients with foot and ankle disorders: a
Chinese cross-cultural adaptation and validation. Disabil Rehabil 2017;39:2182-2189.

10. Mazaheri M, Salavati M, Negahban H, Sohani S, Taghizadeh F, Feizi A, Karimi A, Par-
nianpour M. Reliability and validity of the Persian version of Foot and Ankle Ability
Measure (FAAM) to measure functional limitations in patients with foot and ankle
disorders. Osteoarthr Cartil 2010;18:755-759.

11. Cervera-Garvi P, Ortega-Avila AB, Morales-Asencio JM, Cervera-Marin JA, Martin RR,
Gijon-Nogueron G. Cross-cultural adaptation and validation of Spanish version of the
Foot and Ankle Ability Measures (FAAM-Sp). ] Foot Ankle Res 2017;10:1-10.

12. Liedes J. Validity and Reliability of the Finnish Version of the Foot and Ankle Ability Mea-
sure. University of Turku, Turku, 2018.

13. Smith MV, Klein SE, Clohisy JC, Baca GR, Brophy RH, Wright RW. Lower extremity-
specific measures of disability and outcomes in orthopaedic surgery. ]BJS
2012;94:468-477.

14. Uimonen MM, Ponkilainen VT, Toom A, Miettinen M, Hakkinen AH, Sandelin H, Lat-
vala AQ, Sirola T, Sampo M, Roine RP. Validity of five foot and ankle specific electronic
patient-reported outcome (ePRO) instruments in patients undergoing elective ortho-
pedic foot or ankle surgery. Foot Ankle Surg 2021;27:52-59.

15. Eechaute C, Vaes P, Van Aerschot L, Asman S, Duquet W. The clinimetric qualities of
patient-assessed instruments for measuring chronic ankle instability: a systematic
review. BMC Musculoskelet Disord 2007;8:6.

16. Martin RL, Irrgang JJ. A survey of self-reported outcome instruments for the foot and
ankle. ] Orthop Sports Phys Ther 2007;37:72-84.

17. Schultz BJ, Tanner N, Shapiro LM, Segovia NA, Kamal RN, Bishop JA, Gardner M]J.
Patient-reported outcome measures (PROMs): influence of motor tasks and psycho-
social factors on FAAM scores in foot and ankle trauma patients. | Foot Ankle Surg
2020;59:758-762.

18. Matheny LM, Clanton TO. Rasch analysis of reliability and validity of scores from the
Foot and Ankle Ability Measure (FAAM). Foot Ankle Int 2020;41:229-236.

19. World Medical Association. World medical association declaration of Helsinki: Ethical
principles for medical research involving human subjects. JAMA 2013;310:2191-
2194,

20. Gur G, Turgut E, Dilek B, Baltaci G, Bek N, Yakut Y. Validity and reliability of visual
analog scale foot and ankle: the Turkish version. ] Foot Ankle Surg 2017;56:1213-
1217.

21. Angthong C, Chernchujit B, Suntharapa T, Harnroongroj T. Visual analogue scale foot
and ankle: validity and reliability of Thai version of the new outcome score in subjec-
tive form. ] Med Assoc Thai 2011;94:952-957.

22. Repo JP, Tukiainen EJ, Roine RP, Kautiainen H, Lindahl J, Ilves O, Jarvenpaa S, Hakkinen
A. Reliability and validity of the Finnish version of the visual analogue scale foot and
ankle (VAS-FA). Foot Ankle Surg 2018;24:474-480.

23. Saarinen AJ, Uimonen MM, Sandelin H, Toom A, Richter M, Repo JP. Minimal impor-
tant change for the visual analogue scale foot and ankle (VAS-FA). Foot Ankle Surg
2021;27:196-200.

24. Negahban H, Mazaheri M, Salavati M, Sohani SM, Askari M, Fanian H, Parnianpour M.
Reliability and validity of the Foot and Ankle Outcome Score: a validation study from
Iran. Clin Rheumatol 2010;29:479-486.


http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0001
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0001
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0001
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0002
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0002
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0003
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0003
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0003
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0004
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0004
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0004
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0004
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0005
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0005
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0005
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0006
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0006
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0006
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0007
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0007
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0007
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0008
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0008
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0008
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0010
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0010
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0010
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0010
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0011
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0011
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0011
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0012
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0012
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0013
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0013
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0013
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0015
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0015
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0015
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0016
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0016
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0018
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0018
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0019
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0019
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0019
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0020
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0020
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0020
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0021
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0021
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0021
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0023
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0023
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0023
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0024
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0024
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0024

878

25.

26.

27.

28.

29.

30.

31.

32.

33.

AJ. Saarinen et al. / The Journal of Foot & Ankle Surgery 61 (2022) 872878

Mani S, Do H, Vulcano E, Hogan M, Lyman S, Deland ], Ellis S. Evaluation of the Foot
and Ankle Outcome Score in patients with osteoarthritis of the ankle. Bone Joint ]
2015;97:662-667.

Dawson J, Coffey J, Doll H, Lavis G, Cooke P, Herron M, Jenkinson C. A patient-based
questionnaire to assess outcomes of foot surgery: validation in the context of surgery
for hallux valgus. Qual Life Res 2006;15:1211-1222.

Morley D, Jenkinson C, Doll H, Lavis G, Sharp R, Cooke P, Dawson ]. The Manchester
—O0xford Foot Questionnaire (MOXFQ) development and validation of a summary
index score. Bone Joint Res 2013;2:66-69.

Ponkilainen VT, Miettinen M, Sandelin H, Lindahl ], Hdkkinen AH, Toom A,
Tillgren T, Ilves O, Latvala AO, Ahonen K. Structural validity of the Finnish Manches-
ter-Oxford Foot Questionnaire (MOXFQ) using the Rasch model. Foot Ankle Surg
2021;27:93-100.

Dawson J, Boller I, Doll H, Lavis G, Sharp R, Cooke P, Jenkinson C. Minimally important
change was estimated for the Manchester—Oxford Foot Questionnaire after foot/
ankle surgery. ] Clin Epidemiol 2014;67:697-705.

Mehta SP, Fulton A, Quach C, Thistle M, Toledo C, Evans NA. Measurement properties
of the lower extremity functional scale: a systematic review. ] Orthop Sports Phys
Ther 2016;46:200-216.

Richter M, Agren P, Besse ], Coster M, Kofoed H, Maffulli N, Rosenbaum D,
Steultjens M, Alvarez F, Boszczyk A. EFAS score—multilingual development and
validation of a patient-reported outcome measure (PROM) by the score commit-
tee of the European Foot and Ankle Society (EFAS). Foot Ankle Surg
2018;24:185-204.

Richter M, Agren P, Besse ], Coester M, Kofoed H, Maffulli N, Steultjens M, Irgit K,
Miettinen M, Repo JP. EFAS score-validation of Finnish and Turkish versions by the
score committee of the European Foot and Ankle Society (EFAS). Foot Ankle Surg
2020;26:250-253.

MacCallum R, Lee T, Browne MW. The issue of isopower in power analysis for tests of
structural equation models. Struct Equ Modeling 2010;17:23-41.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

McHorney CA, Tarlov AR. Individual-patient monitoring in clinical practice: are avail-
able health status surveys adequate? Qual Life Res 1995;4:293-307.

Terwee CB, Bot SD, de Boer MR, van der Windt, Daniélle AWM, Knol DL, Dekker ],
Bouter LM, de Vet HC. Quality criteria were proposed for measurement properties of
health status questionnaires. ] Clin Epidemiol 2007;60:34-42.

Team RC. R: A language and environment for statistical computing. 2013. Available
at: https://www.r-project.org. Accessed September 1, 2021.

WH Tidyverse: Easily install and load the ‘tidyverse’. R package version 1.3. 2017.
Available at: https://cran.r-project.org/web/packages/tidyverse/index.html. Accessed
September 1, 2021.

Revelle W. Procedures for personality and psychological research. R package version 1.8.
2015. Available at: https://CRAN.R-project.org/package=psych. Accessed September 1, 2021.
Hervé M. RVAideMemoire: testing and plotting procedures for biostatistics. R Pack-
age Version 0.9-69. 2018. Available at: https://CRAN.R-project.org/package=RVAide-
Memoire. Accessed September 1, 2021.

Rizopoulos D. Ltm: an R package for latent variable modeling and item response the-
ory analyses. ] Stat Softw 2006;17:1-25.

Nixon DC, McCormick JJ, Johnson JE, Klein SE. PROMIS pain interference and physical
function scores correlate with the Foot and Ankle Ability Measure (FAAM) in patients
with hallux valgus. Clin Orthop Relat Res 2017;475:2775-2780.

Tapaninaho K, Uimonen MM, Saarinen A], Repo JP. Minimal important change for
Foot and Ankle Outcome Score (FAOS). Foot Ankle Surg 2021 Jan 27:51268-7731-9.
https://doi.org/10.1016/j.fas.2021.01.009. [Epub ahead of print].

Tapaninaho K, Saarinen AJ, llves O, Uimonen MM, Hakkinen AH, Sandelin H, Repo JP.
Structural validity of the foot and ankle outcome score for orthopaedic pathologies
with Rasch Measurement Theory. Foot Ankle Surg 2021.

Saarinen AJ, Bondfolk AS, Repo JP, Sandelin H, Uimonen MM. Longitudinal validity
and minimal important change for the modified lower extremity functional scale
(LEFS) in orthopedic foot and ankle patients. ] Foot Ankle Surg 2021 Jul 17:51067-
2516(21)00257—X. https://doi.org/10.1053/j.jfas.2021.07.004. [Epub ahead of print].


http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0025
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0025
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0025
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0026
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0026
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0026
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0027
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0027
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0027
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0028
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0028
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0028
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0028
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0028
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0029
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0029
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0029
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0030
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0030
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0030
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0031
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0031
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0031
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0031
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0031
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0031
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0032
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0032
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0032
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0032
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0033
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0033
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0034
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0034
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0035
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0035
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0035
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0035
https://www.r-project.org
https://cran.r-project.org/web/packages/tidyverse/index.html
https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=RVAideMemoire
https://CRAN.R-project.org/package=RVAideMemoire
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0040
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0040
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0041
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0041
http://refhub.elsevier.com/S1067-2516(21)00501-9/sbref0041
https://doi.org/10.1016/j.fas.2021.01.009
http://refhub.elsevier.com/S1067-2516(21)00501-9/optXavEHEKpUg
http://refhub.elsevier.com/S1067-2516(21)00501-9/optXavEHEKpUg
http://refhub.elsevier.com/S1067-2516(21)00501-9/optXavEHEKpUg
http://refhub.elsevier.com/S1067-2516(21)00501-9/optXavEHEKpUg
https://doi.org/10.1053/j.jfas.2021.07.004

