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Abstract

Objective—Foot and ankle problems are common in adults, and large observational studies are
needed to advance our understanding of the etiology and impact of these conditions. Valid and
reliable measures of foot and ankle symptoms and physical function are necessary for this
research. This study examined psychometric properties of the Foot and Ankle Outcome Score
(FAOS) subscales (pain, other symptoms, activities of daily living [ADL], sport and recreational
function [Sport/Recreation], and foot and ankle related quality of life [QOL]) in a large,
community-based sample of African American and Caucasian men and women 50+ years old.

Methods—Johnston County Osteoarthritis Project participants (N=1670) completed the 42-item
FAOS (mean age 69 years, 68% women, 31% African American, mean body mass index [BMI]
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31.5 kg/m?2). Internal consistency, test-retest reliability, convergent validity, and structural validity
of each subscale were examined for the sample and for subgroups according to race, gender, age,
BMI, presence of knee or hip osteoarthritis, and presence of knee, hip or low back symptoms.

Results—For the sample and each subgroup, Cronbach’s alphas were 0.95-0.97 (pain), 0.97—
0.98 (ADL), 0.94-0.96 (Sport/Recreation), 0.89-0.92(QOL), and 0.72-0.82 (symptoms).
Correlation coefficients were 0.24-0.52 for pain and symptoms subscales with foot and ankle
symptoms and 0.30-0.55 for ADL and Sport/Recreation subscales with Western Ontario and
McMaster Universities Osteoarthritis Index function subscale. Intraclass correlation coefficients
for test-retest reliability were 0.63-0.81. Items loaded on a single factor for each subscale except
symptoms (2 factors).

Conclusions—The FAOS exhibited sufficient reliability and validity in this large cohort study.
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An association between foot pain and decreased functional abilities has been demonstrated
in several large studies (1-8). Foot pain is especially common among older adults, affecting
approximately 20-37% of community-dwelling men and women aged 45 years and older (1,
3, 8-10). Ankle pain is somewhat less common at 15% among adults 58 years of age and
older (9, 10), but painful ankle conditions, such as osteoarthritis (OA), can significantly
impact physical performance (11).

Observational study designs are useful for understanding foot and ankle conditions and their
associated risk factors in populations, and for these types of studies, a comprehensive, valid,
and reliable outcome measure of foot and ankle symptoms and physical function is a
valuable tool. Several instruments have been developed and validated in clinical samples to
assess foot and ankle function and disability (12-15), but their psychometric properties have
not been thoroughly examined in large population-based studies (16).

The Foot and Ankle Outcome Score (FAOS) consists of 42 items as effect indicators for 5
subscales of pain, other symptoms, activities of daily living [ADL], sport and recreational
function [Sport/Recreation], and foot and ankle related quality of life [QOL]). In patient
samples, the FAOS was validated among patients 20-60 years of age with lateral ankle
instability (14), and the validity (one factor for each subscale) and reliability (Cronbach’s
alpha >0.7, test-retest intraclass correlations >0.7) of this instrument also have been
confirmed among other patient samples with foot and ankle disorders (17-19) (17-21). The
FAOS presents with several advantages as a valuable measure for a population-based study.
The FAOS content is comparable to three other measures validated among patients with
knee and hip OA that are commonly used in large population-based studies: the Knee Injury
and Osteoarthritis Outcome Score (KOOS) (22-24), the Hip Injury and Osteoarthritis
Outcome Score (HOOS) (25), and the Western Ontario and McMaster Universities
(WOMAC) Index of Osteoarthritis (26). Additionally, the FAOS not only has pain and
physical function subscales, but also includes subscales regarding other symptoms (e.g.,
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swelling, grinding and clicking) and quality of life, two additional categories that are
relevant to older adults.

The purpose of this study was to determine psychometric qualities (i.e., internal consistency,
test-retest reliability, convergent validity, and structural validity) of the FAOS subscales in a
large observational study of people sampled from a community without regard to foot or
ankle problem status: the Johnston County Osteoarthritis Project (JoCo OA). Study
investigators for JoCo OA had specifically chosen to examine the FAOS because other
similar instruments for the hip and knee were being collected and analyzed in this cohort
(WOMAC, KOOS, and HOOS) and a comparable instrument for foot and ankle conditions
was desired. However, to justify the use of the FAOS in a new way as a measure in a
population-based sample, psychometric properties needed to be investigated. Internal
consistency, convergent validity, and structural validity were tested in the whole cohort. To
assess test-retest reliability, new data were collected for 40 participants randomly sampled
from the parent study.

METHODS

Study Participants

Existing data were available for 1,670 participants from JoCo OA who completed the FAOS
during the second follow-up assessment from November 2006—November 2010. At this
visit, all participants were 50+ years old. As one of the largest ongoing community-based
prospective studies of OA and other musculoskeletal disorders, the sample size of JoCo OA
was more than adequate for conducting factor analysis of the FAOS since most expert
recommendations suggest at least 200 to 300 observations (27, 28). Furthermore, at least
87% of participants in JoCo OA have a foot or ankle problem (over 1/4 with pain, aching or
stiffness in the foot or ankle and over 80% with foot and ankle disorders, like hallux valgus
or lesser toe deformities) (3, 29). Examining the FAOS in the entire cohort seemed
appropriate due to the high occurrence of foot and ankle problems and because our objective
was for scientific purposes in a large observational study. JoCo OA includes civilian, non-
institutionalized adults residing in six townships in Johnston County, North Carolina who
were 45+years old at enrollment. Probability sampling was used to recruit participants into
the study, and African Americans were oversampled to allow for disease comparisons by
race.

To assess test-retest reliability of the FAOS, new data were collected. A sample size of 40
was set to detect a statistically significant correlation coefficient of at least 0.30, well below
a minimally acceptable reliability coefficient (e.g., 0.70). Forty participants randomly
sampled from the parent study (JoCo OA) were invited to participate, enrolled, and
consented in a separate investigation during February and March 2012.

Foot and Ankle Outcome Score

The English version of the FAOS was used. The FAOS is a 42-item questionnaire divided
into 5 subscales (pain [9 items], other symptoms [7 items], ADL [17 items], Sport/
Recreation [5 items], and QOL [4 items]) (14). Each question is scored on a 5-point Likert
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scale from 0-4 (none, mild, moderate, severe, and extreme problems). Scores are calculated
for each subscale by summing the total score of each subscale and dividing it by the possible
maximum score of the subscale. The normalized score is transformed to a scale of 0-
100(100 = no problems, 0 = extreme problems. According to the FAOS manual, if one or
two values are missing on a subscale, the missing values are substituted with the average
value for the subscale. If more than two items are missing, no subscale score is calculated.
For the present analyses, if more than one item was missing on the QOL subscale (a 4 item
scale), a subscale score was not calculated.

The initial administration of the FAOS occurred during the regularly-scheduled in-person
interview portion of JoCo OA during 2006-2010, and trained interviewers asked the
questions to accommodate the range of literacy levels in this cohort. The interviewers were
trained to read the items and responses as written. Participants were asked to respond to the
FAOS questions based on their most affected foot and ankle. The test-retest reliability of the
FAOS occurred at a separate time, and the questionnaire was administered by trained
interviewers by telephone two times two weeks apart. A two week interval was selected
because it was short enough to minimize changes in symptoms over time but thought to be
long enough to reduce the influence of the first administration on the second administration.

Foot and Ankle Symptoms

Participants in the parent study completed an interviewer-administered questionnaire in
which they answered “Yes” or “No,” separately for their right and left feet and ankles, to the
question: “On most days, do you have pain, aching, or stiffness in your right/left foot/
ankle?” Participants who answered affirmatively to the symptoms question for at least one
foot were considered to have foot symptoms and for at least one ankle were considered to
have ankle symptoms.

Measurement of Physical Function

Self-reported functional status was measured using the physical function subscale of the
WOMAC for the worst hip or knee (26). Although the WOMAC was designed for hip and
knee problems and not foot or ankle, the WOMAC-function subscale was the most similar to
the FAOS ADL and Sport/Recreation subscales of the functional status questionnaires
collected in JoCo OA. The possible scores range from 0 (no difficulty) to 68 (extreme
difficulty). The WOMAC function subscale has high internal consistency (Cronbach’s alpha
of 0.90 or higher) (26, 30, 31) and good convergent validity with similar function constructs
(32), and its factor structure has been supported in studies of individuals with hip or knee
OA (33, 34).

Comorbid Musculoskeletal Conditions

Knee, Hip, and Low Back Symptoms—~Participants in the parent study and in the test-
retest reliability study were asked: “On most days, do you have pain, aching or stiffness in
your [left/right] [knee/hip/low back]?” Participants were considered to have knee, hip or low
back symptoms if they answered affirmatively.
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Knee and Hip Osteoarthritis—All participants in the parent study completed bilateral
posteroanterior fixed-flexion radiography of the knees in weight bearing. Women 50+ years
old and all men completed supine anteroposterior pelvic radiography. Knee and hip
radiographs were rated by a single muscuoloskeletal radiologist using the Kellgren-
Lawrence (K-L) radiographic atlas (35). Interrater and intrarater reliability for the
radiologist were 0.9 (weighted kappa) and 0.9 (kappa), respectively (36). K-L grades were
assigned: 0 for no features of OA, 1 for a minute radiographic osteophyte of doubtful
pathologic significance, 2 for an osteophyte without joint space narrowing, 3 for a moderate
decrease of joint space, and 4 for severe joint space narrowing with subchondral bone
sclerosis (37). Foot pain and radiographic OA in areas other than the foot have been
associated in previous studies (4, 6).

Demographic and Clinical Characteristics

Analyses

The following participant characteristics were examined: gender; race (African American or
Caucasian); age (continuous variable in years); and body mass index at baseline (BMI:
continuous variable calculated as weight in kilograms/height in meters squared). Height
without shoes was measured in centimeters, and weight was measured in kilograms.

To confirm measurement properties, relevant recommendations of COnsensus-based
Standards for the selection of health Measurement Instruments (COSMIN) were followed to
examine each FAQOS subscale in the whole sample and by subgroup (race; gender; age;
presence of knee or hip OA; presence of knee, hip, or low back symptoms; and obesity).
SAS 9.2 (Cary, NC) was used for all analyses.

Reliability

Internal Consistency: Cronbach’s alpha coefficient was used to assess the internal
consistency of each FAOS subscale, using raw data only without imputation for missing
values. Cronbach’s alpha coefficient determines how well individual terms measure the
same characteristic (38) with a coefficient of >0.70 indicating a strong correlation, 0.3-0.7 a
moderate correlation, and <0.3 a weak correlation (39). To confirm findings for the whole
cohort, a post hoc sensitivity analysis was conducted to determine the internal consistency in
those with: 1) foot or ankle symptoms (pain, aching, or stiffness, n=432) and 2) foot or ankle
problems (symptoms or disorders, n= 1443).

Test-retest Reliability: An intraclass correlation coefficient (ICC) was calculated for each
subscale (using raw data without imputation) to assess test-retest reliability. ICCs of <0.3
were considered to indicate poor agreement, 0.3-0.7 moderate agreement, and >0.7 strong
agreement.

Validity

Convergent Validity: Spearman’s correlation coefficients were calculated to assess
correlations of the symptoms and pain subscale scores with foot and ankle symptoms and
the ADL and Sport/Recreation subscales (using imputed data) with the function subscale of
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WOMAC. Correlation coefficients were classified as weak (<0.3), moderate (0.3-0.7) and
strong (>0.7). A post hoc sensitivity analysis was conducted to determine the validity among
those with foot or ankle problems (symptoms or disorders, n= 1443).

Structural Validity: Factor analyses (SAS Proc Factor, with unities retained along the
diagonal) of items from each FAOS subscale (using raw data) were conducted for the whole
sample to confirm the structure of the instrument. Next, analyses were stratified by race
(African American and Caucasian); gender; age (55-64, 65+ years); presence of knee or hip
OA; presence of knee, hip, or low back symptoms; and BMI (<25.0, 25.0-29.9, 30.0+ kg/
m?2). Eigenvalues were calculated to determine the proportion of information provided by a
factor (40). An eigenvalue divided by the sum of item variances estimates the extent to
which a factor captures the information present in the original items. Since a subscale was
intended to represent one underlying construct, each subscale was expected to have only a
one factor solution.

RESULTS

Study Participants

FAOS data were available for 1670 participants in the parent study. The study sample was
68% women and 31% African American with a mean age of 68.6 years (standard deviation
[SD] =9.1, median=67.6, range=50-95) and mean BMI of 31.5 kg/m? (SD=7.2; Table 1). Of
the participants with foot and ankle symptoms data (N=1449), 24.3% had foot symptoms
and 15.5% had ankle symptoms. The WOMAC function subscale scores were skewed, with
most participants reporting no difficulty (N=1587; mean=13, SD=16, median=5, range 0—
68).

The 40 participants in the test-retest reliability study were 78% women and 35% African
American with a mean age of 71 years. This sample had a slightly older mean age than the
parent study and had a larger proportion of women and African Americans, but these
characteristics were not statistically different (mean age p=0.40, gender p=0.20, race
p=0.07). These participants completed the FAOS on average 14.0 days apart (standard
deviation=0.65, range 11.0-15.0 days). All participants reported consistent presence or
absence of foot or ankle symptoms at baseline and at 2 weeks, and presence or absence of
symptoms was consistent at the hips for 30 participants, at the knees for 25 participants, and
in the low back for 29 participants.

Foot and Ankle Outcomes Score

Missing Data and Imputation—Complete data were missing for 94 participants (5.6%)
on the pain subscale, and item values were imputed for 65 participants with missing <2 pain
items. For the symptoms subscale, 25 (1.5%) participants were missing data, and values
were imputed for all. One item from the ADL subscale (A8. “Going shopping”) was
unintentionally excluded during the home interview of the parent study for all 1670
participants, leaving 16 items available for analyses of this subscale. Item values were
imputed for 1609 participants who were missing this item and no more than one other item.
For the Sports/Recreation subscale, 262 (15.7%) participants were missing data, and values
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were imputed for 46 participants. For the QOL subscale, 47 (2.8%) were missing data, and
values were imputed for 9 participants missing 1 item. No data were missing for test-retest
reliability study participants.

Distribution—Distributions of each FAQS subscale scores were similarly skewed for the
whole sample and by subgroup (Table 1). Fewer than 1% of participants had the lowest
score (worst outcome) on the pain, symptoms, ADL, and QOL subscales, while 6.9% had
the lowest score on the Sports/Rec subscale. The highest score (no problems) was reported
by 48.9% of participants for the pain subscale, 36.0% for the symptoms subscale, 60.7% for
the ADL subscale, 48.6% for the Sport/Recreation subscale, and 51.9% for the QOL
subscale.

Internal Consistency

Internal consistency was high for the whole sample and across subgroups for the pain
(Cronbach’s alphas = 0.95-0.97), ADL (0.97-0.98), Sport/Recreation (0.94-0.96), and QOL
(0.89-0.92) subscales (Table 2). The internal consistency was somewhat lower for the
symptoms subscale (0.72-0.82). After determining the factor structure of each subscale (see
Structural Validity below), the internal consistency was examined for two factors on the
symptoms subscale, and Cronbach’s alphas were 0.81 for Symptoms Factor 1 and 0.88 for
Symptoms Factor 2. A sensitivity analysis of those with foot or ankle symptoms (n=432)
and those with foot or ankle problems (n= 1443) revealed similar Cronbach’s alphas (data
not shown).

Test-Retest Reliability

The ICCs comparing the administration of the questionnaire at two time points two weeks
apart indicated high reliability for the ADL (0.81), pain (0.80), and QOL (0.78) subscales
and somewhat lower agreement for the Sport/Recreation (0.68) and symptoms (0.63)
subscales. ICCs were 0.85 for Symptoms Factor 1 and 0.23 for Symptoms Factor 2.

Convergent Validity

Pain (r=0.26-0.52) and symptoms subscales (r=0.24-0.45) were moderately correlated with
foot and ankle symptoms (r = 0.25 to 0.55), and ADL (r=0.39-0.55) and Sport/Recreation
subscales (r=0.30-0.49) were moderately correlated with the WOMAC function subscale
(Table 3). A sensitivity analysis of those with foot or ankle problems (n= 1443) estimated
similar Cronbach’s alphas (data not shown).

Structural Validity

All items loaded on a single factor for the pain, ADL, Sport/Recreation, and QOL subscales
(Table 4). For the symptoms subscale, all but two range of motion items (straightening and
bending the foot/ankle fully) loaded on a single factor (Table 4), resulting in a two factor
solution (Symptoms Factors 1 and 2). Results were similar for all subgroups according to
race, gender, age BMI, and lower extremity symptoms and OA for each subscale (Table 2).
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DISCUSSION

The results of this study demonstrated high internal consistency of the FAOS subscales, high
test-retest reliability for three subscales, and a one-factor structure for four subscales in this
large cohort and across subgroups. The convergent validity was moderate.

Both the sample and the method of administration of the FAOS differed in this study
compared to the original study by Roos et al (14). In the original study, Swedish patients
20-60 years old with lateral ankle instability read and completed the instrument on their
own. JoCo OA participants were generally older and the presence and type of foot and ankle
problems varied. A trained interviewer read the FAOS items and responses to each
participant as a consistent method of data collection to accommodate a range of literacy
levels. Despite these differences, psychometric properties were largely similar between these
two studies.

Participants in the test-retest reliability study reported stable presence or absence of foot and
ankle symptoms, but presence or absence of knee, hip, and low back symptoms varied for
some individuals over the 2 week interval. Variability in lower body symptoms may have
influenced subscale scores, yet the test-retest reliability was acceptable with moderate to
high correlation coefficients for all subscales.

Correlations were moderate for pain and symptoms subscales with foot and ankle symptoms
and ADL and Sport/Recreation subscales with WOMAC function. The measures available
in our existing data in the parent study (foot and ankle symptoms questions and WOMAC
function for knees and hips) were similar to the constructs of the FAOS subscales, but there
were differences (e.g., WOMAC function was for knees and hips and not feet or ankles) that
limited our ability to rigorously test the construct validity, possibly contributing to moderate
correlation coefficients. Considering these differences in construct, the FAOS subscales
appear to reflect their intended concepts. A comparable quality of life measure was not
available in the existing JoCo OA data, and accordingly, convergent validity of the QOL
subscale could not be confirmed in this study.

Overall, a one factor solution for each FAOS subscale is appropriate in this sample, as
reported in the original FAOS study (14), suggesting that each subscale represents a single,
intended concept. In both studies, two items did not load on the first factor for a particular
subscale, indicating they were not strongly related to the concept of interest, but these items
differed for each study. Two pain items in the original study related to pain in non-weight
bearing positions (sitting or lying or at night) loaded onto a second factor rather than being
related to the same underlying factor of the other pain items, which the authors suggested
may show that these positions are not problematic for patients after lateral ankle
reconstruction. In the present study, two items from the other symptoms subscale related to
range of mation (straightening and bending the foot/ankle fully) loaded onto a second factor,
suggesting they were not strongly associated with the same concept as the other symptoms
items. This subscale also had a lower internal consistency than the other subscales, which
appeared to be driven by these two items. Administering the FAOS by trained interviewer
rather than self-administration of the instrument may have contributed to confusion in
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responding to these items in the present study. To prevent any variation in the way that
questions were asked, the interviewers were instructed to read the items and responses as
they were written and not offer further clarification, only repeating the question if the
participant asked or did not understand. The two range of motion items are reversed in
wording to reflect normal to abnormal range of motion, while answer options for the other
40 items range from lack to presence of adverse symptoms or disability. When viewed,
responses for all 42 items progress from no pain or problems to extreme difficulty. When
these responses are heard without visual information, participants may continue to answer
these two items in a similar pattern to how they answered previous questions and may
incorrectly state their ability to straighten or bend their foot or ankle. Observing the test-
retest data for the 40 participants may provide some support for this hypothesis. Their
responses to each item of the FAOS symptoms subscale stayed fairly constant across the two
week period, shifting no more than a point or two, but for the two range of motion
symptoms items (Symptoms Factor 2), responses reversed from one end of the response
scale to the other (i.e., from “always” to “never” or from “never” to “always”) in 6 (15%) of
the participants. It is unlikely that the participants truly experienced that dramatic of a
change in these two symptoms items over two weeks, especially since their other symptoms
remained relatively stable. Performance of this subscale may improve if interviewers alert
participants to the difference in these items and the available answer options.

Important strengths of the present study are that it is community-based and includes a large
sample of African American and Caucasian men and women 50+ years of age with data on
foot, ankle, knee, hip, and low back symptoms and knee and hip OA. This allowed for
comparisons of the performance of the FAOS across differing subgroups, and the results
showed the consistency of the instrument. Furthermore, the sample included participants
with a variety of foot and ankle conditions, as well as no pain and disorders, and this may
support the generalization of the FAOS. This large study was well-powered to assess the
properties of the FAOS in an observational study. A limitation is that this study did not ask
the FAOS separately based on laterality (left and right), and data collected were based on the
most affected foot and ankle. This may have minimized the strength of the correlation
coefficients observed in the analysis of construct validity. In response to this limitation,
during the latest wave of data collection (beginning 2013) in JoCo OA, the FAOS is being
collected separately for the left and right sides. The FAOS was not asked separately for the
foot and the ankle in this study because foot and ankle joints are not biomechanically
independent, and subsequently, symptoms and dysfunction within this joint complex would
both affect physical function and quality of life in a similar fashion. For the test-retest
reliability study, symptoms may have varied depending on whether they were acute or
chronic, and we do not have data to determine the chronicity of foot and ankle conditions in
this study or in the parent study. Although the two week period was carefully selected to
reduce recall of answers, symptoms may not have remained stable during this time and thus
affected the ICCs.

In summary, the FAOS is a valid and reliable measure in this community-based OA study,
although factor structure of one underlying concept was not replicated for the symptoms
subscale (perhaps because of mode of administration of the questionnaire). These findings
should be confirmed in other large, population-based observational studies, and future
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research should determine whether interviewers alerting participants to the differences in the
two range of motion symptoms items (Symptoms Factor 2) affects the internal consistency
and factor structure of the FAOS symptoms subscale.
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SIGNIFICANCE AND INNOVATIONS

* Foot- and ankle-related pain and disorders are common among adults 50 years
of age and older, and they may be important risk factors for disability and falls.

* Valid and reliable measures of foot- and ankle-related symptoms and physical
function are needed in large observational studies aimed at understanding pain
and disorders of the foot and ankle.

*  The Foot and Ankle Outcome Score (FAOS) demonstrates acceptable reliability
and validity in a large cohort of adults 50+ years old without differences in
psychometric properties by age, race, gender, obesity, knee/hip osteoarthritis
status, or pain status of the low back, hip, and knee.
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