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Objective. To examine the associations of foot posture and foot function to foot pain.
Methods. Data were collected on 3,378 members of the Framingham Study cohort who completed foot examinations in
2002–2008. Foot pain (generalized and at 6 locations) was based on the response to the following question: “On most days,
do you have pain, aching or stiffness in either foot?” Foot posture was categorized as normal, planus, or cavus using static
pressure measurements of the arch index. Foot function was categorized as normal, pronated, or supinated using the
center of pressure excursion index from dynamic pressure measurements. Sex-specific multivariate logistic regression
models were used to examine the effect of foot posture and function on generalized and location-specific foot pain,
adjusting for age and weight.
Results. Planus foot posture was significantly associated with an increased likelihood of arch pain in men (odds ratio
[OR] 1.38, 95% confidence interval [95% CI] 1.01–1.90), while cavus foot posture was protective against ball of foot pain
(OR 0.74, 95% CI 0.55–1.00) and arch pain (OR 0.64, 95% CI 0.48–0.85) in women. Pronated foot function was
significantly associated with an increased likelihood of generalized foot pain (OR 1.28, 95% CI 1.04–1.56) and heel pain
(OR 1.54, 95% CI 1.04–2.27) in men, while supinated foot function was protective against hindfoot pain in women
(OR 0.74, 95% CI 0.55–1.00).
Conclusion. Planus foot posture and pronated foot function are associated with foot symptoms. Interventions that modify
abnormal foot posture and function may therefore have a role in the prevention and treatment of foot pain.

INTRODUCTION

Foot pain and foot-related disability are very common in
the general population. Population-based studies indicate
that 24% of people age �45 years report frequent foot pain
and approximately two-thirds of those people report at
least moderate disability in an aspect of daily life related to
their foot condition (1). Foot disorders have been shown
to have a detrimental impact on health-related quality of
life across a spectrum of age groups (2) and are responsible
for a substantial proportion of primary care consultations

(3) and surgical interventions (4). Despite the high preva-
lence and significant impact of foot pain, relatively little
is known about the underlying risk factors for its de-
velopment beyond increased age (2), female sex (5–7),
obesity (2,6,8,9), and chronic medical conditions such as
osteoarthritis and diabetes mellitus (2,7,8). However, one
potentially modifiable risk factor for foot pain that is com-
monly suggested in the literature is abnormal foot struc-
ture and function, based on the premise that variations in
the skeletal architecture of the foot may result in altered
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walking patterns and contribute to excessive loading of
osseous and soft tissue structures (10).

Foot posture is generally characterized by the contour
of the medial longitudinal arch and is typically divided
into normal (rectus), low-arched (planus), or high-arched
(cavus) categories. Several techniques, including visual
estimation, footprint parameters, and radiographic evalu-
ation, have been used to classify foot posture; however,
there is no clear consensus as to which is the most appro-
priate approach (11). As a consequence of this variability,
the literature pertaining to the contribution of foot posture
and function to foot symptoms is inconsistent. While some
studies have reported associations between planus and
cavus foot types and a range of lower extremity condi-
tions (12–16), others have not (17–19). Furthermore, most
studies investigating this association have focused on spe-
cific clinical groups such as athletes or military recruits,
so their findings may not be applicable to the general
population.

Only 3 population-based studies have explored the re-
lationship between foot posture and foot problems. An
analysis of the US National Health Interview Survey of
74,721 adults conducted in 1990 found that self-reported
“flat foot” was associated with self-reported calluses, ham-
mer toes, and bunions; however, foot symptoms were not
documented (20). The Cheshire Foot Pain and Disability
Survey of 3,417 people reported that both flat feet and
highly arched feet (determined by self-report) were asso-
ciated with foot pain, but no association was evident when
a subset of the sample had their foot posture assessed by a
clinician (7). More recently, a cross-sectional postal survey
of 2,100 adults in Denmark found that self-reported foot
deformity (categorized as either planus or cavus, based on
line drawings) was significantly associated with foot pain
present for at least 1 day in the past month (21). Each of
these studies, however, is limited by the lack of an objec-
tive measure of foot posture. In addition, static assessment
of foot posture does not adequately capture the functional
role of the foot during gait. It is possible that the dynamic
function of the foot, rather than its static morphology, may
play a greater role in the development of foot symptoms by
influencing the loads placed on osseous and soft tissue
structures when walking (10). However, due to the signif-
icant data collection and processing requirements of gait
analysis systems, this has yet to be explored in detail. As
such, there remains a need to examine the relationship

between foot structure, function, and pain using objective,
validated measures in a large population-based sample.

Therefore, the objective of this study was to evaluate the
associations of foot posture and dynamic foot function to
foot pain in men and women who participated in the
Framingham Foot Study. We hypothesized that people
with planus or cavus foot posture would be more likely to
report foot pain than those with normal foot posture. Sim-
ilarly, we hypothesized that people classified as having
pronated or supinated feet when walking would be more
likely to report foot pain than those with normal dynamic
foot function. We examined these associations for both
generalized foot pain and for foot pain present at 6 specific
locations on the foot.

MATERIALS AND METHODS

Participants. The study sample, the Framingham Foot
Study Cohort, was derived from 2 large, population-based
samples of residents of Framingham, Massachusetts (22).
The majority of the cohort was comprised of members
from the Framingham Study Original Cohort and the
Framingham Offspring Cohort. The Framingham Study
Original Cohort was formed in 1948 from a two-thirds
sample of the town of Framingham in order to study risk
factors for heart disease (23). This cohort has been fol-
lowed biennially since that time. The Framingham Off-
spring Cohort, formed in 1972, consists of adult offspring
who had a parent in the Original Cohort and the spouses
of the offspring (24). This group has been followed every
4 years since cohort inception to study familial risk fac-
tors for heart disease. Members of the Framingham co-
horts were examined for the current study either at their
scheduled Framingham clinic examination or at a call-
back examination.

The second population-based group used for the study
was a new population sample that was derived from
census-based, random digit dialing within the Framing-
ham community, selecting subjects who were ages �50
years and ambulatory. This group was added to the Fra-
mingham Foot Study recruitment to increase participa-
tion by minority persons and other community members
of the Framingham catchment area. Persons contacted via
the random digit dialing methodology who were interested
in being part of a multiphasic physical examination (foot,
osteoarthritis, bone health, and general health) received a
written letter of invitation to join the study and a followup
phone call to schedule a study appointment. All Framing-
ham Foot Study participants gave informed consent for the
data collection and this study has undergone institutional
review by both the Hebrew SeniorLife and the Boston
University Medical Center Institutional Review Boards.

From these combined population-based cohorts, the
Framingham Foot Study conducted a physical exami-
nation of the foot and collected participant history, per-
formance measures, and other data via questionnaire. A
validated foot examination with specific criteria was
used to assess presence of common foot disorders based
upon visual inspection and/or palpation and queries of
foot pain and foot symptoms. Foot pain was assessed using

Significance & Innovations
● This is the first population-based investigation to

examine the associations of foot posture and func-
tion to foot pain using objective biomechanical
measurements.

● Planus foot posture and pronated foot function are
associated with foot pain.

● Interventions that modify foot function may play a
role in both the treatment and prevention of foot
pain.
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a National Health and Nutrition Examination Survey
(NHANES)–based query about foot pain (see Foot pain
assessment below). Trained clinical examiners performed
all foot examinations. All participants were ambulatory
and cognitively intact (as indicated by a mini-mental sta-
tus score screening to identify qualified study subjects
who would be able to give symptom information about
their feet).

Foot pain assessment. Foot pain was assessed in 1,477
men and 1,901 women in the population-based Framing-
ham Foot Study between 2002–2008. Generalized foot
pain was measured using the following NHANES-based
query about foot pain: “On most days, do you have pain,
aching, or stiffness in either of your feet?” Possible re-
sponses were no; yes, left foot only; yes, right foot only;
yes, both feet; yes, not sure what side; and unknown. Foot
pain at specific locations (on both feet) was also assessed.
Participants were given a picture of the top and bottom of
the foot and were asked to point out any areas with pain,
aching, or stiffness on most days (Figure 1). The identifi-
able areas were the toes, forefoot, hindfoot, heel, arch of
the foot, and ball of the foot.

Foot posture and function assessment. Several methods
for categorizing feet into structural and functional groups
have been reported in the literature (11), but there is
currently no consensus as to which is the most appro-
priate technique. For the purpose of this study, we defined
foot posture as the shape of the medial longitudinal arch
of the foot when weight bearing, and assigned the labels
“planus” to indicate a low-arched foot and “cavus” to
indicate a high-arched foot. Because the static posture of
the foot may not always be indicative of how it functions,

we also defined foot function according to how the foot
moves when walking. We assigned the labels “pronated”
to indicate a foot that undergoes greater lowering of the
medial longitudinal arch and more medial distribution of
plantar loading during gait and “supinated” to indicate a
foot that undergoes greater elevation of the medial longi-
tudinal arch and more lateral distribution of plantar load-
ing during gait.

Foot posture and function were both assessed using
the Tekscan MatScan system. The system consists of a
5-mm thick floor mat (432 � 368 mm), comprised of 2,288
resistive sensors (1.4 sensors/cm2), and sampling data
at a frequency of 40 Hz. The reliability of this system has
been described in detail previously (25). Two types of
scans were collected: standing and walking. For the stand-
ing scan, a 1-frame self-selected bipedal stance “snap shot”
image was collected for each participant. For the walking
scans, participants walked across the mat at a self-selected
pace using the 2-step method, which involves striking the
platform on the second step (26). One walking trial of each
foot was recorded.

Foot posture was assessed using the arch index (AI), first
described by Cavanagh and Rogers (27). From the maxi-
mum peak pressure image of the participant’s bipedal
relaxed stance, the AI was calculated as the ratio of the
area of the middle third of the footprint to the entire
footprint area (excluding the toes), with a higher value
representing a flatter foot (Figure 2). AI scores have previ-
ously been shown to be highly correlated with navicular
height (28,29) and angular medial longitudinal arch mea-

Figure 1. Foot map used to determine the location of foot pain
(adapted from ref. 22).

Figure 2. Calculation of the arch index (AI). The length of the
static footprint excluding the toes is divided into equal thirds,
defining the forefoot (A), the arch (B), and the heel (C) regions. AI
is calculated as the area of the middle third of the footprint
divided by the entire footprint area (AI � B/A � B � C).
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sures (29–32) obtained from foot radiographs. AI scores
were divided into quintiles for men and women separately
and foot posture was categorized as cavus (those in the
lowest 20%), normal (those in the middle 60%), or planus
(those in the highest 20%). The cutoff scores to define each
category were as follows: cavus (0–0.134, n � 536 feet),
normal (0.135–0.272, n � 1,612 feet), and planus (0.273–
0.565, n � 538 feet) for men and cavus (0–0.119, n � 684
feet), normal (0.120–0.261, n � 2,056 feet), and planus
(0.262–0.534, n � 692 feet) for women.

Foot function was assessed by calculating the center of
pressure excursion index (CPEI) of the walking trials. The
CPEI represents the degree of mediolateral deviation of
the center of pressure at the anterior one-third trisection of
the foot, relative to a line connecting the first and last
center of pressure data points (Figure 3). To calculate the
CPEI, the maximum peak pressure image of a dynamic
footprint was divided into thirds. A construction line was
drawn from the first to the last center of pressure data
point. A line (AD) was constructed at the anterior one-
third trisection of the foot. The distance between the in-
tersection of the construction line and line AD (point B)
and where the center of pressure intersects with line AD
(point C) was measured. The CPEI was then calculated by
normalizing the distance BC to the width of the foot (AD)
so that CPEI � BC/AD � 100. In a pronated foot, the
concavity of the center of pressure curve is decreased,
resulting in a smaller CPEI value. In a supinated foot, the
concavity of the center of pressure curve is increased,
resulting in a larger CPEI value. The CPEI has previously
been shown to demonstrate excellent intra- and intertester
reliability (intraclass correlation coefficients of 0.97 and

0.98, respectively) (33). As with AI scores, CPEI scores
were then divided into sex-specific quintiles and partici-
pants were categorized as having supinated foot function
(those in the highest 20%), normal foot function (those in
the middle 60%), or pronated foot function (those in the
lowest 20%). The cutoff scores to define each category
were as follows: supinated (22.5–43.7), normal (9.4–22.4),
and pronated (�25.3–9.3) for men, and supinated (19.5–
40.4), normal (6.1–19.4), and pronated (�20.6–6.0) for
women. Typical examples of cavus, normal, and planus
foot posture and supinated, normal, and pronated foot
function categories using this classification system are
shown in Figure 4.

Covariates. Because age and weight are both associated
with foot pain, foot posture, and foot function, these vari-
ables were considered to be potential confounders in our
analysis. Age in years at the time of examination was
recorded. Weight was measured using a standardized bal-
ance beam and recorded to the nearest half pound.

Figure 3. Calculation of the center of pressure excursion index
(CPEI) from dynamic walking footprint. A line (AD) was con-
structed at the anterior one-third trisection of the foot. The dis-
tance between the intersection of the construction line and line
AD (B) and where the center of pressure intersects with line AD
(C) was measured. The CPEI was then calculated by normalizing
the distance BC to the width of the foot (AD) so that CPEI �
BC/AD � 100.

Figure 4. Typical examples of cavus, normal, and planus static
foot posture categories (top) and supinated, normal, and pronated
dynamic foot function categories (bottom).
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Statistical analysis. Because sex is a strong confounder
for foot pain and foot function, all analyses were per-
formed as sex specific. Descriptive statistics were gener-
ated separately for men and women as means and SDs or
percentages, where appropriate. In order to use the full
array of data that were collected on right feet and left feet,
a per-foot analysis was performed using sex-specific gen-

eralized estimation equations to account for the correla-
tion between right and left feet. Odds ratios and 95%
confidence intervals were calculated for the association
between 1) foot pain and foot posture and 2) foot pain and
foot function, adjusting for age and weight. All analyses
were conducted using the SAS statistical analysis package,
version 9.1.

Table 1. Descriptive characteristics of men and women in the Framingham Foot Study
with complete biomechanical foot examinations*

Characteristic

Men
(n � 1,403)

(no. feet � 2,806)

Women
(n � 1,794)

(no. feet � 3,588)

Age, mean � SD years 66.19 � 10.11 66.16 � 10.76
Weight, mean � SD pounds 193.81 � 34.49 158.83 � 36.11
Foot pain

Generalized 414 (14.8) 853 (23.8)
Toe pain 198 (7.1) 438 (12.2)
Ball of foot pain 129 (4.6) 300 (8.4)
Forefoot pain 122 (4.4) 334 (9.3)
Arch pain 149 (5.3) 290 (8.1)
Heel pain 136 (4.9) 222 (6.2)
Hindfoot pain 144 (5.1) 255 (7.1)

Foot disorders
Hallux valgus 470 (16.8) 1,292 (36.0)
Hammer toes 472 (16.8) 644 (18.0)
Overlapping toes 142 (5.1) 243 (6.8)
Plantar fasciitis 81 (2.9) 131 (3.7)
Morton’s neuroma 185 (6.6) 324 (9.0)
Hallux rigidus 123 (4.4) 113 (3.2)
Tailor’s bunion 69 (2.5) 168 (4.7)

* Values are the number (percentage) unless indicated otherwise. Means provided across individuals;
numbers and percentage reflect number of feet in the study.

Table 2. Odds ratios (ORs) and 95% confidence intervals (95% CIs) for the association between static foot posture and
foot pain in the men and women of the Framingham Foot Study (2002–2008), adjusted for age and weight

Men Women

OR (95% CI) P OR (95% CI) P

Generalized foot pain
Cavus vs. normal 0.94 (0.74–1.20) 0.620 0.83 (0.69–1.01) 0.065
Planus vs. normal 1.20 (0.96–1.49) 0.104 1.03 (0.88–1.20) 0.705

Toe pain
Cavus vs. normal 1.16 (0.84–1.60) 0.380 1.03 (0.82–1.28) 0.804
Planus vs. normal 1.21 (0.84–1.74) 0.304 0.97 (0.80–1.18) 0.756

Ball of foot pain
Cavus vs. normal 0.73 (0.49–1.08) 0.117 0.74 (0.55–1.00) 0.048
Planus vs. normal 1.01 (0.74–1.37) 0.956 0.97 (0.80–1.16) 0.713

Forefoot pain
Cavus vs. normal 1.25 (0.86–1.84) 0.242 0.79 (0.59–1.06) 0.119
Planus vs. normal 0.97 (0.64–1.47) 0.891 0.97 (0.78–1.20) 0.749

Arch pain
Cavus vs. normal 1.00 (0.73–1.36) 0.998 0.64 (0.48–0.85) 0.002
Planus vs. normal 1.38 (1.01–1.90) 0.044 1.03 (0.85–1.25) 0.732

Heel pain
Cavus vs. normal 0.82 (0.51–1.29) 0.385 0.88 (0.60–1.30) 0.523
Planus vs. normal 1.29 (0.89–1.87) 0.179 0.88 (0.69–1.12) 0.305

Hindfoot pain
Cavus vs. normal 1.00 (0.69–1.45) 0.980 0.84 (0.59–1.20) 0.330
Planus vs. normal 1.29 (0.89–1.86) 0.176 1.15 (0.91–1.45) 0.246
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RESULTS

Of the 3,378 participants in the Framingham Foot Study,
3,197 completed the foot questionnaire and had valid foot
pressure data to calculate the AI and CPEI (1,403 men and
1,794 women), contributing a total of 6,394 feet to this
analysis. Of the 6,394 feet, 6,118 feet had complete foot
posture data and 5,794 feet had complete foot function
data. The mean age of participants was 66 years (range
36–100 years) and 56% of the sample was female. The
mean height and weight were 65.5 inches and 174.0
pounds, respectively. Table 1 shows the characteristics of
the study sample by sex. Participants missing data on foot
posture or on foot function were similar to the included
observations in terms of age, weight, and generalized foot
pain.

Of the 6,394 feet under study, 20% reported the pres-
ence of generalized foot pain on most days. Table 1 also
shows the sex-specific distribution of the report of foot
pain, both generalized and at specific locations, along with
common foot disorders. Generalized foot pain on either
foot was reported by 15% of the men and 24% of the
women.

The associations between foot posture and foot pain in
men and women, adjusted for age and weight, are pre-
sented in Table 2. Compared to the normal foot posture
referent group, planus foot posture was significantly asso-
ciated with a 30% increased likelihood of arch pain in
men, while cavus foot posture was associated with a 26%
decreased likelihood of ball of foot pain and a 36% de-
creased likelihood of arch pain in women.

In a similar manner, the associations between foot
function and foot pain are shown in Table 3 for men and
women, adjusted for age and weight. Compared to the

normal foot function referent group, pronated foot func-
tion was significantly associated with a 28% increased
likelihood of generalized foot pain and a 54% increased
likelihood of heel pain in men, while supinated foot func-
tion was associated with a 26% decreased likelihood of
hindfoot pain in women.

DISCUSSION

The objective of this study was to examine associations
of foot posture and foot function to foot pain using ob-
jective biomechanical measurements in participants of the
population-based Framingham Foot Study. Our findings
indicate that both planus foot posture and pronated foot
function are associated with foot pain; however, these
associations vary according to the location of foot pain and
by sex. Specifically, planus foot posture was found to be
associated with arch pain in men, and pronated foot func-
tion was significantly associated with generalized foot
pain and heel pain in men. Contrary to our initial hypoth-
eses, neither cavus foot posture nor supinated foot func-
tion was significantly associated with an increased likeli-
hood of generalized or site-specific foot pain. In fact, cavus
foot type was found to be associated with a decreased
likelihood of ball of foot pain and arch pain in women, and
supinated foot function was found to be associated with
decreased likelihood of hindfoot pain in women.

Pes planus has long been considered to be a postural
variation that increases the likelihood of developing foot
problems (34). Individuals with “flat feet” have histori-
cally been disqualified from military service on this basis
(35), although subsequent studies have questioned the
validity of this regulation based on prospective observa-

Table 3. Odds ratios (ORs) and 95% confidence intervals (95% CIs) for the association between dynamic foot function and
foot pain in the men and women of the Framingham Foot Study (2002–2008), adjusted for age and weight

Men Women

OR (95% CI) P OR (95% CI) P

Generalized foot pain
Supinated vs. normal 1.09 (0.87–1.37) 0.458 0.93 (0.78–1.10) 0.396
Pronated vs. normal 1.28 (1.04–1.56) 0.018 1.15 (0.98–1.36) 0.089

Toe pain
Supinated vs. normal 0.99 (0.72–1.37) 0.970 1.14 (0.92–1.4) 0.226
Pronated vs. normal 1.30 (0.99–1.71) 0.063 0.97 (0.76–1.23) 0.780

Ball of foot pain
Supinated vs. normal 0.86 (0.57–1.32) 0.494 1.06 (0.84–1.34) 0.613
Pronated vs. normal 1.05 (0.74–1.49) 0.790 1.04 (0.82–1.32) 0.758

Forefoot pain
Supinated vs. normal 0.89 (0.6–1.34) 0.579 0.90 (0.71–1.14) 0.382
Pronated vs. normal 1.26 (0.9–1.78) 0.178 1.06 (0.84–1.32) 0.633

Arch pain
Supinated vs. normal 1.28 (0.96–1.72) 0.095 1.03 (0.81–1.32) 0.800
Pronated vs. normal 1.26 (0.94–1.67) 0.120 1.15 (0.91–1.45) 0.243

Heel pain
Supinated vs. normal 1.18 (0.83–1.68) 0.349 0.90 (0.68–1.19) 0.460
Pronated vs. normal 1.54 (1.04–2.27) 0.030 1.22 (0.96–1.55) 0.099

Hindfoot pain
Supinated vs. normal 1.24 (0.89–1.74) 0.203 0.74 (0.55–1.00) 0.048
Pronated vs. normal 1.29 (0.92–1.82) 0.140 0.88 (0.67–1.15) 0.341
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tions of a lower risk of injury in army trainees with flat
feet (36). Nevertheless, our observation of a significant
association between planus foot posture and arch pain
in men is consistent with previous studies in civilian
populations that have reported this foot type to be asso-
ciated with metatarsal stress fractures (37), tibialis poste-
rior tendinopathy (13), and plantar heel pain (15). As other
population-based studies evaluated this association using
self-reported foot posture (7,21), it is difficult to directly
compare our findings. However, the Cheshire Foot Pain
and Disability Survey also reported an association be-
tween planus foot posture and foot pain after adjusting for
age and sex (7).

A novel aspect of our study is that we also included
a measure of dynamic foot function, i.e., the CPEI, which
provides an indication of dynamic medial-lateral load
distribution under the foot when walking (33). Using this
measure, pronated foot function was found to be signifi-
cantly associated with generalized foot pain and heel pain
in men. No previous studies have been conducted ex-
ploring the association between this measure of foot func-
tion and foot symptoms. However, kinematic analysis has
shown that runners with plantar heel pain exhibit greater
rearfoot eversion (38), a component of foot pronation that
may be reflected in the CPEI. The underlying mechanism
linking dynamic foot pronation to foot pain remains un-
clear, although cadaver studies have shown that simulat-
ing a flat foot results in increased plantar fascia strain (39),
increased talonavicular joint motion (40), increased dorsal
compressive forces in the midfoot (41), and reduced glid-
ing ability of the tibialis posterior tendon (42), factors that
could potentially lead to tissue damage and subsequent
foot symptoms.

Sex differences in the association of foot posture and
foot function to foot pain were evident in this study. The
reasons for these different patterns are unclear, although
sex differences in foot posture, prevalence of foot disor-
ders, pain reporting, occupation, and footwear could all
potentially play a role. In particular, footwear is likely to
contribute to this difference, given that women are more
likely to wear ill-fitting footwear than men and that such
footwear has been associated with forefoot disorders
(such as hallux valgus and lesser toe deformity) and foot
pain (43). Despite this variation in risk profiles between
men and women, the association was consistently in the
direction of planus foot posture and pronated foot function
increasing the likelihood of foot symptoms, and cavus
foot type and supinated foot function decreasing the like-
lihood of foot symptoms. The apparent protective effect of
cavus foot type and supinated foot function was unex-
pected, as previous studies have reported this foot type to
be predisposed to exercise-related lower extremity overuse
injuries in athletes (14,36) and foot pain in older people
(44). There are several possible reasons for this discrep-
ancy, including differences in sample characteristics, foot
posture assessment techniques, and cut points used to
define foot type categories.

The findings we report here need to be interpreted in
the context of several study design limitations. First, we
focused on foot symptoms, not specific diagnoses, so we

cannot infer a link between foot posture, function, and
specific foot disorders. Second, in the absence of any es-
tablished criteria, we used quintiles to determine the cut
points defining the 3 foot posture and function categories,
which assumes that 60% of participants have “normal”
feet and that the distribution of “abnormal” feet is sym-
metrical, i.e., 20% of the population have planus/pronated
feet and 20% have cavus/supinated feet. While this ap-
proach is epidemiologically sound, it may not reflect clin-
ical observations, which suggest that planus/pronated
feet are more common than cavus/supinated feet. Never-
theless, since standard cut points do not yet exist, this
distribution-based approach is reasonable, especially when
using large samples. Third, while the CPEI has been shown
to discriminate between clinically determined planus
and rectus foot types (33) and individuals with and with-
out posterior tibial tendon dysfunction (45), it has yet to be
validated against a multisegment kinematic foot model.
Therefore, whether a pronated foot defined using this mea-
sure also demonstrates greater rearfoot eversion, sagittal
plane midfoot motion, or forefoot abduction is yet to be
determined, and it is possible that other factors (such as
mediolateral sway) also influence this variable. Fourth,
although our findings suggest that the degree of planus–
cavus and pronation–supination of the foot are associ-
ated with foot pain, we acknowledge that there are many
other biomechanical, psychosocial, and occupational fac-
tors that may also contribute. Fifth, it is possible that foot
pain may result in altered gait patterns and that this effect
may be influenced by duration of foot pain and/or whether
foot pain is unilateral or bilateral; however, our analysis
did not allow for these factors to be explored. Sixth, the
Framingham population is relatively older and largely
white. Given that there are significant differences in foot
posture according to age (46) and between whites, His-
panics, and African Americans (47), different patterns of
association may be evident in more diverse populations.
Finally, the key limitation of all cross-sectional studies is
the inability to confidently infer causation, although we
consider reverse causation (i.e., foot pain resulting in more
pronated foot posture and function) to be unlikely.

In summary, this is the first population-based investi-
gation to examine the associations of foot posture and
function to foot pain using objective biomechanical mea-
surements and it provides evidence of an association be-
tween planus foot posture, pronated foot function, and
foot symptoms. As foot function is modifiable with foot-
wear modifications and orthoses, such interventions could
potentially play a role in both the treatment and preven-
tion of foot pain.
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