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Summary

Objective: To examine potential risk factors for hallux valgus in community-dwelling elders.

Method: Data from 600 MOBILIZE Boston Study participants (386 women and 214 men) were analyzed. Hallux valgus was defined as >15°
angular deviation of the hallux with respect to the first metatarsal bone toward the lesser toes. Associations of hallux valgus with age, body
mass index (BMI), race, education, pes planus, foot pain, and in women, history of high heel shoe use, were assessed using sex-specific
Poisson regression with robust variance estimation for risk ratios (RR) and 95% confidence intervals (Cl).

Results: Hallux valgus was present in 58% of women and 25% of men. Higher BMI was inversely associated with presence of hallux valgus in
women (P trend = 0.001), with the strongest inverse association observed in those with BMI of 30.0 or more compared to those with normal
BMI (RR =0.7, 95% CI: 0.5, 0.9). Women, who usually wore high-heeled shoes during ages 20—64 years compared to those who did not, had
increased likelihood of hallux valgus (RR =1.2, 95% ClI: 1.0, 1.5). Among men, those with BMI between 25.0 and 29.9 had increased likeli-
hood of hallux valgus compared to those with normal BMI (RR =1.9, 95% CI: 1.0, 3.5). Men with pes planus were more likely to have hallux
valgus (RR=2.1, 95% CI: 1.3, 3.3) compared to men without pes planus.

Conclusion: In women, hallux valgus was associated with lower BMI and high heel use during ages 20—64, while in men, associations were
observed with higher BMI and pes planus. Our results suggest that the etiologic mechanisms for hallux valgus may differ between men and
women.

© 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Key words: Hallux valgus, Pes planus, Foot pain, BMI, High-heeled shoes, Population-based cohort study.

Introduction planus'®'3, In addition, research from over 40 years ago re-
. o . ported that the prevalence of hallux valgus was much hi%her
Hallux valgus is a common structural foot deformity in which in persons wearing shoes than those with unshod feet™* 16
the angular deviation of the hallux is greater than 15° toward and current research suggests the potential role of shoe types
the lesser toes with respect to the first metatarsal bone, and in the development of hallux valgus'”.
appears as a medial bony enlargement of the first metatgrsal The association between race and hallux valgus, however,
head. Several factors have been reported to be associated is not clear. A 2004 study by Dunn and colleagues’, of urban
with hallux valgus including ggnetlc predlsposmor?, structural community-dwelling adults 65 years of age and older, indi-
factors, sex, age, body mass index (BMI), foot pain, pes pla- cated that African Americans had a significantly higher prev-
nus and footwear. Coughlin believes that genetic factors are alence of hallux valgus than Caucasians. A 1980 study,
very |mr1)c2)rtant, given the familial patterns of foot structure in comparing different groups of South African women 50 years
general "~. Previous research alsso suggests that structurill and older, reported that the foot disorder was more common
factors such as m'e.tatsrsal length”, metatarsal Qead shape”, in White than urban or rural Black South Africans'®, but the
first ray hypermobility”, and hind-foot pronation® may be ma- study did not control for shoe wearing even though the inves-
jor factors associated with hallux valgus. Clinically, hallux val- tigators had attributed the differences to footwear.
gus occurs more frequently in women, is more prevalent in It is important to understand risk factors for hallux valgus
older ages’ °, and is believed to be associated with in- in order to prevent or minimize progression of the disorder
creased BMI™"" and foot pain™, as well as with pes since hallux valgus is thought to contribute to impaired bal-

ance and gait, and to increased risk of falls'®~22, Surgical
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have been descriptive in nature”'*~'®. The largest study to
date by Roddy et al8, used questionnaires received from
4249 men and women from two general practices in the
UK to examine factors associated with self-report hallux val-
gus. Despite the large sample size and the universal health
care system in the UK, the response rate for this study was
32%. The purpose of this current study was to examine po-
tential clinical risk factors for hallux valgus such as age,
BMI, race, education, foot pain, and pes planus, as well
as past use of high-heeled shoes in women, in a popula-
tion-based cohort of community-dwelling older adults with
clinically assessed foot exams.

Methods
STUDY PARTICIPANTS

Participants in the current study are members of the first wave of partici-
pants from the MOBILIZE Boston Study (Cycle 1), an on-going longitudinal
study to examine mechanisms and novel risk factors for falls in a popula-
tion-based sample of older persons living around Boston, Massachusetts,
USA. Details of the MOBILIZE Boston Study cohort have been previously re-
ported®®2*, In brief, between 2005 and 2008, the study enrolled 765 partic-
ipants 70 years or older, including 16 of their spouses 64—69 years of
age. Inclusion criteria were comprised of: ability to communicate in English,
living within the Boston area, planning to remain in the area over the next 2
years, and ability to walk 20 feet unassisted.

Enroliment involved a two-step process: first, a door-to-door recruitment, fol-
lowed by a telephone screening. From 5655 sampled households, 4303 people
of age 70 years and older were identified. Of the 4303 people, 1581 were not
eligible and 1973 either refused to participate or were unable to be contacted.
As expected in a population-based study of older persons, the standard Council
of American Research Organization (CASRO) response rate was 52% after
screening for eligibility criteria. The CASRO response rate was 30% for the
door-to-door phase. In comparison with US Census data for the population
aged 65 and older in the Boston area, the study sample was representative
of Boston area elders in terms of age, sex, race and ethnicityza.

The participants were interviewed in their homes by trained staff and were
examined within 4 weeks of the home visit by research nurses at the study
clinic in the Hebrew Rehabilitation Center, a research and long-term care fa-
cility in Boston. Institutional Review Boards at the Hebrew Rehabilitation
Center and collaborating institutions approved the study and all participants
provided informed consent. For the current analyses, we included the first
wave of 600 participants whose baseline data have been entered and
verified.

DATA COLLECTION OF HALLUX VALGUS AND POTENTIAL RISK
FACTORS

During the in-home interview, information was collected via standardized
questionnaire on several factors of interest including age (age at examination
was recorded), sex, race, and educational attainment (the number of years of
completed education), as well as information on types of shoes usually worn
during specific ages. Race was self-defined by each participant using the
categories of white, black, Asian or other. Use of high-heeled shoes (2
inch or higher) by women was identified by questionnaire if the women listed
high heels as the type of shoes they usually wore at ages 20—29, 30—44,
and 45—64 years. Height (in millimeters) and weight (in pounds, recorded
to the nearest pound) were measured using a calibrated stadiometer and
standardized balance beam, respectively, and a physical examination of
a participant’'s feet was completed at the clinic visit. For each participant,
BMI was calculated as weight (in kg) divided by height in squared meters.

A validated foot evaluation was performed by trained nurse examiners us-
ing a standardized, weight-bearing clinical examination of the foot to assess
the presence of several common foot conditions. While Couglin and Jones®
have defined moderate to severe hallux valgus based upon observing a hal-
lux valgus angle > 20°, we were less stringent. We defined hallux valgus as
present if the angular deviation of the hallux with respect to the first metatar-
sal bone toward the lesser toes was observed to be similar to photos that
show this angle to be greater than 15°. Pes planus was defined using
a weight-bearing ratio of arch width to rear-foot width from a bipedal stance
on a computerized pressure mat.

Specifically, foot pressure data were collected via a computerized mat
(MatScan pedobarographic device, Tekscan Inc., Boston, MA) with the par-
ticipant standing quietly on the pressure-sensing device with their body
weight distributed equally over their two feet. For each foot, a high-resolution
digital recording of the footprint was made and the ratio of arch width to rear-
foot width was calculated from the dimensions of the acquired footprints.
From the most distal extent of the forefoot to the most proximal extent of

the heel, each footprint was divided into thirds in order to define the forefoot,
arch (mid-foot), and heel regions. The ratio of arch width to rear-foot width
was calculated as the ratio of the smallest medial to lateral width of the
arch region divided by the largest medial to lateral width of the heel region
(measurements recorded to the nearest 0.01 centimeter). The ratio of arch
width to rear-foot width value increases with an increasingly planus foot.
We defined pes planus for a person as having a ratio of arch width to
rear-foot width of more than 75% (arch width of 75% or more of the heel
width), on either foot, identified by the ratio of the arch of the foot. We chose
the >75% cut-point for the weight-bearing ratio of arch to rear-foot widths
based upon our unpublished previous work from the Framingham Foot Study
which has shown that the >75% arch to rear-foot ratio incorporates all of the
persons thought to have a clinical impression of pes planus and none of
those without the clinical impression of pes planus. We do not have the clin-
ical impression data in the current Mobilize Boston Study population but the
arch to rear-foot ratio variable is fairly normally distributed and similar in both
our Framingham Study data and in our Mobilize Boston Study data.

The presence of foot pain was identified based on a participant’s re-
sponse to the question: “On most days do you have pain, aching or stiffness
in either of your feet?” Reliability of the standardized foot exam has been
previously tested in elderly persons and both inter-observer and intra-ob-
server tests had good reliability (kappas > 0.85, all P< 0.01)%°, including
the assessment of hallux valgus and pes planus. Validity of the hallux valgus
and other foot conditions was examined in 56 older adults where the foot ex-
amination findings were compared to independent clinical podiatry notes,
and 100% of the foot conditions present on the foot examination were also
noted in the podiatry notes?®.

DATA ANALYSIS

We investigated the possible associations between hallux valgus and clin-
ical variables thought to be linked with this structural foot disorder, including
age (years), BMI, race (white vs non-white), education (college vs no col-
lege), presence of foot pain (yes vs no), pes planus (yes vs no), and in
women, use of high-heeled shoes in the past.

For women, past use of high-heeled shoes was classified into three mu-
tually exclusive groups: (1) those who wore high-heeled shoes as their one
usual shoe type for the duration between the ages of 20 and 64 years; (2)
those who wore high heels as their usual type of shoes at some ages be-
tween 20—29, 30—44, and 45—64 but not continuously across the age
groups; and (3) those who did not wear high-heeled shoes as their usual
type of shoes between ages 20 and 64 years.

We used SAS Gemod for Poisson regression with robust variance estima-
tion for binary data®”~2° to calculate risk ratios (RR) and 95% confidence inter-
vals (Cl) for the associations of the possible risk factors above with hallux
valgus, both considering potential confounders and without adjusting for po-
tential confounders. Age and BMI were first modeled as continuous variables.
We then analyzed BMI as a categorical variable since the association with hal-
lux valgus appeared to be non-linear. BMI was categorized as: 16.7—24.9
(normal), 25.0—29.9 (overweight), and 30.0—49.2 (obese). To test for linear
trend, we modeled BMI as well as past use of high-heeled shoes in the multi-
variable model with ordinal data representing their respective categories. We
also tested for interaction of sex with BMI, foot pain, and pes planus. Literature
suggested and we found that there were significant differences in associations
of these factors with hallux valgus between men and women, thus all analyses
are presented stratified by sex.

Results

The distribution of the study characteristics for the 386
women and 214 men is presented in Table |. Over half of
the women had hallux valgus, and the prevalence was
more than twice as high in women (58%) as in men
(25%). The age distribution for women and men was similar.
Slightly more women than men were obese. Also, women
had slightly higher prevalence of foot pain and pes planus
than men. Among women, the proportion of women who
wore high-heeled shoes as their usual type of shoes during
ages 20—64 years was slightly less than 25%.

The associations of hallux valgus with BMI, foot pain, and
pes planus were significantly different between the women
and men. Formal tests for interaction of these risk factors
with sex revealed significant interactions with the overweight
(25.0—29.9) and obese BMI groups (30.0—49.2), P=0.003
and P=0.02, respectively. In addition, interactions were
found between sex and presence of foot pain (P=0.03),
as well as pes planus (P = 0.04). The associations between
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Table |
Sample characteristics by sex: the MOBILIZE Boston Study

Women n=386 Men n=214

Hallux valgus 223 (58%) 54 (25%)
Age in years, mean (SD) 77.8 (5.7) 78.1 (5.3)
BMI

16.7—24.9 (normal) 125 (33%) 67 (32%)

25.0—29.9 (overweight) 147 (39%) 98 (47%)

30.0—49.2 (obese) 105 (28%) 43 (21%)
Race-white 290 (76%) 176 (82%)
College education 232 (60%) 154 (72%)
Foot pain 100 (26%) 43 (20%)
Pes planus 76 (20%) 37 (17%)
High-heeled shoes worn as usual
shoe type (women only)

Worn as usual shoe type during 89 (23%) NA
ages 20—64 years

Worn at some but not all age 144 (38%) NA
groups during ages 20—64 years

Not worn as usual shoe type 148 (39%) NA

during ages 20—64 years

hallux valgus and each risk factor under study are presented
in Table Il for men and women separately.

Compared with women of normal BMI (16.7—24.9), over-
weight (adjusted RR = 0.8, 95% CI: 0.7, 1.0) and obese (ad-
justed RR=0.7, 95% ClI: 0.5, 0.9) women were significantly
less likely to have hallux valgus, with the strongest inverse
association observed in obese women (P trend = 0.001).
Age, race, college education, presence of foot pain, and
presence of pes planus had no statistical association with
hallux valgus in women.

As shown in Table Il, there was no statistically significant
association between age and hallux valgus in men
(P=0.21). Also, the association of hallux valgus with BMI
appeared to be non-linear in men. Compared with men of
normal BMI, overweight (adjusted RR =1.9, 95% CI: 1.0,
3.5) and obese men (adjusted RR =1.4, 95% CI: 0.7, 3.1)
were more likely to have hallux valgus. White men had
a 40% reduced likelihood of having hallux valgus compared
to non-white men, and college educated men were 50%
times more likely to have hallux valgus than men who
were not college educated, but the associations were not
statistically significant.

Among the men in our study, a significant positive asso-
ciation was observed between pes planus and hallux val-
gus. Men with pes planus had two times the likelihood of
having hallux valgus compared with men without pes pla-
nus (95% CI: 1.3, 3.3). Foot pain, however, was inversely
associated with hallux valgus (P=0.05). Men with foot
pain had a 50% reduced likelihood of having hallux valgus
compared to men without foot pain.

Figure 1 presents the association of hallux valgus across
the three categories of past use of high-heeled shoes.
Women who reported wearing high-heeled shoes as their
usual type of shoe for the entire period between 20 and
64 years of age had a 20% increased likelihood of having
hallux valgus compared with women who did not report
wearing high heels as their usual shoe type between 20
and 64 years of age (95% CI: 1.0, 1.5), P=0.04. There
was a borderline significant linear trend for hallux valgus
across the categories of duration of high-heeled use
(P trend = 0.06).

Discussion

Despite previous reports that hallux valgus worsens with
age, our population-based sample of community-dwelling
older adults showed no significant association across the
age groups that we examined. It is possible that associa-
tions of hallux valgus with age may be more apparent
when younger persons are included in a study. We did ob-
serve, however, that the prevalence of hallux valgus was
twice as high in women as in men. The patterns of results
were notably different between the sexes, especially in
the associations of hallux valgus with BMI and pes planus,
and possibly with the presence of foot pain.

Increased BMI was associated with decreased preva-
lence of hallux valgus in women (P trend =0.001), while
BMI was positively associated with hallux valgus in men.
Furthermore, pes planus showed no statistical association
in women, but was strongly associated with a 2-fold in-
creased likelihood of having hallux valgus in men. Similarly,
we observed a borderline negative association of hallux val-
gus with foot pain but only among the men in our study. The
different pattern of results between women and men imply
potentially different pathways to the presence of hallux val-
gus in older women and men. To our knowledge, this has

Table Il
Associations of potential risk factors with hallux valgus by sex: the MOBILIZE Boston Study

Women (n=386) Men (n=214)
Proportion with Unadjusted Adjustedt Proportion with Unadjusted Adjustedy
hallux valgus RR (95% ClI) RR (95% ClI) hallux valgus RR (95% CI) RR (95% CI)
Age, each 10-year increase NA 1.1 (1.0, 1.3) 1.0 (0.9, 1.2) NA 1.1 (0.7, 1.7) 1.3 (0.8, 2.1)
BMI
16.7—24.9 (normal) 67% 1.0 1.0 16% 1.0 1.0
25.0—29.9 (overweight) 56% 0.8 (0.7, 1.0)§ 0.8 (0.7, 1.0)* 33% 2.0 (11,37 1.9(1.0, 3.5)"
30.0—49.2 (obese) 49% 0.7 (0.6, 0.9)** 0.7 (0.5, 0.9)** 26% 1.6 (0.7, 3.3) 1.4 (0.7, 3.1)
White race-no 54% 1.0 1.0 34% 1.0 1.0
White race-yes 59% 1.1 (0.9, 1.3) 1.0 (0.8, 1.3) 23% 0.7 (0.4,1.1) 0.6 (0.4, 1.1)§
College education-no 56% 1.0 1.0 20% 1.0 1.0
College education-yes 59% 1.1 (0.9, 1.3) 1.0 (0.8, 1.2) 27% 1.4 (0.8, 2.4) 1.5 (0.9, 2.6)
Foot pain-no 58% 1.0 1.0 27% 1.0 1.0
Foot pain-yes 59% 1.0 (0.8, 1.2) 1.1 (0.9, 1.3) 16% 0.6 (0.3, 1.2) 0.5 (0.3, 1.0)§
Pes planus-no 57% 1.0 1.0 20% 1.0 1.0
Pes planus-yes 61% 1.1 (0.9, 1.3) 1.2 (0.9, 1.4) 49% 24(15,37)  21(1.3,383)*

*0.01 < P< 0.05; **0.001 < P< 0.01; §0.05 < P<0.1.

tEach risk factor adjusted for the other risk factors (and for past use of high-heeled shoes in women).
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Fig. 1. Risk of hallux valgus according to past duration of high-
heeled shoe wearing.

not been previously described in the literature and would
require confirmation in other samples.

Our findings that the associations between BMI and hallux
valgus were opposite in men and women were unexpected.
There may be many possible explanations for this difference
between men and women. One plausible explanation is that
women of normal BMI may have been more likely to wear
more fashionable shoes with tighter or narrower toe box
than overweight and obese women. Research by Menz
and Morris'” found that women were more likely than men
to wear shoes that were much smaller in length, width,
and total area relative to their foot size. Unfortunately, there
were no data on the association between shoe wear and hal-
lux valgus by BMI status in men and women. While Roddy
et al® reported no association between dichotomized BMI
(>30 kg/m?) and age-adjusted hallux valgus in both women
and men, work by Cho et al.'® in a rural community of Ko-
reans found that those with hallux valgus had significantly
higher mean BMI than those without hallux valgus but there
were no sex-specific data. Moreover, Frey and Zamora'"
found that individuals of normal weight in an orthopaedic
foot and ankle practice (62% women) had an increased like-
lihood of hallux valgus compared to overweight or obese in-
dividuals. Clearly, further research is needed to examine the
prospective relation between BMI and hallux valgus and
whether they differ in men and women.

Also, footwear for men and women are often thought to
have different characteristics such as support or toe box,
and different quality. Most of the original anthropometric
foot data from which ‘shoe lasts’ (the positive molds from
which shoes are made) were designed were based upon
military studies and hence predominantly men®®-3'. More re-
cent military studies have included women in their anthropo-
metric assessments®2. Parham et al.®? found differences in
several of the pedal anthropometric variables (e.g., heel
width and forefoot breadth) whereby women were

substantially smaller than men. The differences could not
be explained only by foot length, suggesting that women
needed their own shoe lasts from which to base their
shoe designs. Furthermore, many believe, and it is well ap-
preciated in the shoe wear industry, that most women’s
shoes (especially in the past) were constructed in an inferior
manner compared to that of men. Men’s shoes were mar-
keted to be sturdy while women’s shoes were marketed to
be replaced more frequently in order to be consistent with
current fashions. Women'’s ‘fashionable dress shoes’ were
more likely to have pointed toe boxes than that of men.
This is especially true for the age groups of older adults in-
cluded in our study. Unfortunately, we do not have mea-
sures of shoe width, shoe length, or shoe quality available
to further explore these sex-differences in the associations
of BMI with hallux valgus.

We also found, even after adjusting for BMI and other po-
tential risk factors of hallux valgus, that women who wore
high-heeled shoes as their major shoe type between 20
and 64 years of age had an increased prevalence of hallux
valgus compared with women who did not wear high-heeled
shoes as their major shoe type during ages 20 and 64
years. It is possible that wearing high-heeled shoes as
one’s usual shoe type between ages 20 and 64 years
may create heightened forefoot pressure over a prolonged
period that put these women at increased risk for hallux val-
gus. Interestingly, Menz and Morris'” found a significant as-
sociation between heel height >25 mm with hallux valgus
but no significant association between foot problems and
past history of wearing high heels. It is possible our defini-
tion of high heels (2 inches or above) or assessment of
past use of high heels over a longer period of a woman’s
life that may explain the difference between our results
and those of Menz and Morris.

Additionally, we found that pes planus was highly associ-
ated with hallux valgus in men but not in women. Among
persons without pes planus, however, hallux valgus was
much more common among women than among men in
our study. Thus, the magnitude of the relative measure of
association of hallux valgus and pes planus was much
higher in men than in women. Another possible explanation
for the differences in the association seen with pes planus
and hallux valgus may be that men and women have differ-
ent foot structures or different weight-bearing foot pressure
that could modify the effect of pes planus on hallux val-
gus'®33, Ferrari et al®® found that male foot bones were
larger than those of females which may affect weight bear-
ing differently, and that female bones had the potential for
more movement. In addition, James®* suggested that foot-
wear and physical ill-treatment of the feet may explain the
flat-feet condition since natives from Solomon Island who
did not wear shoes were free of flat-feet. Taken together,
it is possible that structural differences or constricted shoe
wear may explain differences in association between pes
planus and hallux valgus in men and women.

It merits noting that foot pain was inversely associated
with hallux valgus in men. It is possible that men with hallux
valgus had already modified their foot support or shoe wear;
thus, affecting the occurrence of foot pain in the presence of
hallux valgus.

It is interesting to note that race and education were not
associated with hallux valgus in women, but may be
associated with hallux valgus in men. It is possible that
racial and educational differences in men may greatly af-
fect choices of occupations requiring prolonged periods
of performing weight-bearing activities on their feet or
jobs requiring the use of specific shoe type that may affect
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their risk for hallux valgus differently. We do not have suf-
ficient data on these factors, however, to examine these
possibilities.

There were several limitations to our study. First, we
lacked data on genetics and structural factors such as
metatarsal length, metatarsal head shape, first ray hyper-
mobility, and hind-foot pronation so our study was not
able to examine these factors. Furthermore, our analyses
were cross-sectional; thus, causal inference was limited,
especially for determining whether BMI differences lead to
hallux valgus or whether hallux valgus contributes to
changes in BMI over time. In addition, information on past
use of high-heeled shoes relied on self-report and may
have been subject to recall bias even though the partici-
pants were not aware of the current research questions at
the time they responded to the queries on past high-heeled
shoes. Another difficulty was that we could not determine
whether differences observed in magnitude and/or direction
of association for some of these factors under study with
hallux valgus were due to structural foot differences or be-
havioral differences between men and women, including
choice of shoe wear. Also, hallux valgus was determined
during a foot exam by a trained clinician for the presence
or absence of the foot disorder and not from a tool such
as the Manchester scale®. However, any possible misclas-
sification of hallux valgus would have been non-differential
with regard to the potential risk factors examined; thus,
had we used a more stringent instrument to classify hallux
valgus free of measurement error, our estimates of effect
would have been even stronger in magnitude.

Despite the limitations, our study has several strengths. A
notable strength of the study is that information on foot disor-
ders was based on foot examinations conducted by trained
clinical nurses using a validated foot evaluation, which may
reduce measurement errors associated with self-report of
foot problems. Also, our study population was a sample of
community-dwelling elderly men and women, and may be
more representative of elders than clinic-based samples.

Our results indicate intriguing sex-differences in the as-
sociation of certain study factors in relation to hallux val-
gus. Further investigations are needed, particularly to
look at shoe width, toe box, or other factors in addition to
heel height in relation to hallux valgus. Should future re-
search confirm that use of high-heeled shoes or narrow
toe-boxed shoes that put wearers at increased risk for hal-
lux valgus, then minimizing the use of high heels or avoid-
ing certain types of shoes could prevent the structural foot
disorder.

Conclusion

To our knowledge, this study is one of few studies to
examine multiple potential risk factors for hallux valgus
in a population-based sample of community-dwelling
older women and men. This study found that hallux val-
gus was twice as prevalent in elderly women as in men,
and that there may exist intriguing differences in the etiol-
ogies of hallux valgus between women and men. The
roles of BMI, high-heeled shoes, pes planus, foot pain
and other clinical factors in the presence of hallux valgus
are very likely to differ between the sexes. These patterns
may reflect the biological, structural and behavioral differ-
ences in men and women. Future studies should further
evaluate BMI, shoe types and width, pes planus, and
foot pain on incident risk of hallux valgus in both men
and women.

Conflict of interest

The authors have no financial or personal relationships
with other people or organizations that could bias our
research.

Acknowledgements

The authors acknowledge the MOBILIZE Boston research
team and study participants for the contribution of their
time, effort, and dedication. We sincerely thank Dr Jennifer
Kelsey for her critical review of the manuscript drafts.

This research was supported in part by the following
grants from the NIA: AG 026316, 3R01AG026316-0351,
AG028738, and AG 004390. The study sponsors, however,
have no involvement in the study design, collection, analy-
sis, or interpretation of the data; or in the writing and sub-
mission of this manuscript for publication.

References

1. Coughlin M. Hallux valgus. J Bone Joint Surg 1999;78A(6):932.

2. Coughlin M. Juvenile hallux valgus: etiology and treatment. Foot Ankle
Int 1995;16:682—97.

3. Munuera PV, Polo J, Rebollo J. Length of the first metatarsal and hallux
in hallux valgus in the initial stage. Int Orthopaedics 2008;32:489—95.

4. Okuda R, Kinoshita M, Yasuda T, Jotoku T, Kitano N, Shima H. The
shape of the lateral edge of the first metatarsal head as a risk factor
for recurrence of hallux valgus. J Bone Joint Surg 2007;89:2163—72.

5. Coughlin M, Jones CP. Hallux valgus and first ray mobility, a prospective
study. J Bone Joint Surg 2007;89:1887—98.

6. Eustace S, Byrne JO, Beausang O, Codd M, Stack J, Stephens MM. Hal-
lux valgus, first metatarsal pronation and collapse of the medial longitu-
dinal arch—a radiological correlation. Skeletal Radiol 1994;23:191—4.

7. Dunn JE, Link CL, Felson DT, Crincoli MG, Keysor JJ, McKinlay JB.
Prevalence of foot and ankle conditions in a multiethnic community
sample of older adults. Am J Epidemiol 2004;159:491—8.

8. Roddy E, Zhang W, Doherty M. Prevalence and associations of hallux
valgus in a primary care population. Arthritis Rheum 2008;59:857—62.

9. Coughlin MJ, Jones CP. Hallux valgus: demographics, etiology, and ra-
diographic assessment. Foot Ankle Int 2007;28(7):759—77.

10. Cho NH, Kim S, Kwon DJ, Kim HA. The prevalence of hallux valgus and
its association with foot pain and function in a rural Korean commu-
nity. J Bone Joint Surg 2009;94-B:494—8.

11. Frey C, Zamora J. The effects of obesity on orthopaedic foot and ankle
pathology. Foot Ankle Int 2007;28(9):996—9.

12. Kalen V, Brecher A. Relationship between adolescent bunions and flat-
feet. Foot Ankle 1988;8(6):331—6.

13. King DM, Toolan BC. Associated deformities and hypermobility in hallux
valgus:an investigation with weightbearing radiographs. Foot Ankle Int
2004;25(4):252—5.

14. Sim-Fook L, Hodgson AR. A comparison of foot forms among the non-
shoe and shoe-wearing Chinese population. J Bone Joint Surg 1958;
40:1058—62.

15. Barnett CH. The normal orientation of the human hallux and the effect of
footwear. J Anat 1962;96(4):489—94.

16. Shine IB. Incidence of hallux valgus in a partially shoe-wearing commu-
nity. Br Med J 1965;1:1648—50.

17. Menz HB, Morris ME. Footwear characteristics and foot problems in
older people. Gerontology 2005;51:346—51.

18. Gottschalk FA, Sallis JG, Beighton PH, Solomon L. A comparison of the
prevalence of hallux valgus in three South African populations. S Afr
Med J 1980;57(10):355—7.

19. Keegan THM, Kelsey JL, Sidney S, Quensenberry Jr CP. Foot problems
as risk factors of fractures. Am J Epidemiol 2002;155:926—31.

20. Menz HB, Lord SR. The contribution of foot problems to mobility impair-
ment and falls in community-dwelling older people. J Am Geriatr Soc
2001;49:1651—6.

21. Menz HB, Morris ME, Lord SR. Foot and ankle characteristics associ-
ated with impaired balance and functional ability in older people.
J Gerontol A Biol Sci Med Sci 2005;60(12):1546—52.

22. Menz HB, Morris ME, Lord SR. Foot and ankle risk factors for falls in
older people: a prospective study. J Gerontol A Biol Sci Med Sci
2006;61(8):866—70.

23. Leveille SG, Kiel DP, Jones RN, Roman A, Hannan MT, Sorond FA,
et al. The MOBILIZE Boston Study: design and methods of a prospec-
tive cohort study of novel risk factors for falls in an older population.
BMC Geriatr 2008;8:16.




46

U.-S. D. T. Nguyen et al.: Factors associated with hallux valgus

24,

25.

26.

27.

28.

29.

30.

Samelson EJ, Kelsey JL, Kiel DP, Roman AM, Cupples LA,
Freeman MB, et al. Issues in conducting epidemiologic research
among elders: lessons from the MOBILIZE Boston Study. Am J Epide-
miol 2008;168:1444—51.

Hannan MT, Sullivan E, Zimmer J, Kiel DP. Physical limitations and foot
disorders in elders (Abstract). Arthritis Rheum 1999;42(Suppl 9):5S286.

Hannan MT, Zimmer J, Sullivan E, Kiel DP. Physical limitations and foot
disorders in older adults (Abstract). J Amer Geriatric Soc 2001;
49(Suppl 4):S22.

Spiegelman D, Hertzmark E. Easy SAS calculations for risk or prevalence
ratios and differences. Am J Epidemiol 2005 Aug 1;162(3):199—200.
McNutt LA, Wu C, Xue X, Hafner JP. Estimating the relative risk in co-
hort studies and clinical trials of common outcomes. Am J Epidemiol

2003;157:940—-3.

Zou G. A modified Poisson regression approach to prospective studies
with binary data. Am J Epidemiol 2004;159(7):702—6.

Freedman A, Huntington EC, Davis GC, Magee RB, Milstead VM,
Kirkpatrick CM. Foot Dimensions of Soldiers. Third Partial Report,

31.

32.

33.

34.

35.

Project T-13. Fort Knox, KY: Armored Medical Research Laboratory;
1946.

Mann CW, Zacharias WB. Application of Foot Measurements in the De-
velopment of Last Systems. Footwear and Leather Series — Report
No. 7.. Washington, D.C.: Department of the Army, Office of the Quar-
termaster General; 1952.

Parham KR, Gordon CC, Bensel CK. Anthropometry of the Foot and
Lower Leg of U.S. Army Soldiers: Fort Jackson, SC — 1985,
1992.

Ferrari J, Hopkinson DA, Linney AD. Size and shape differences be-
tween male and female foot bones—is the female foot predisposed
to hallux abducto valgus deformity? J Am Podiatr Med Assoc 2004;
94(5):434—52.

James CS. Footprints and feet of natives of the Solomon Islands. Lancet
1939;234:1390—-3.

Garrow AP, Papageorgiou A, Silman AJ, Thomas E, Jayson MIV,
Macfarlane GJ. The grading of hallux valgus: the Manchester scale.
J Am Podiatr Med Assoc 2001;91:74—8.




	Factors associated with hallux valgus in a population-based study of older women and men: the MOBILIZE Boston Study
	Repository Citation

	Factors associated with hallux valgus in a population-based study of older women and men: the MOBILIZE Boston Study
	Introduction
	Methods
	Study participants
	Data collection of hallux valgus and potential risk factors
	Data analysis

	Results
	Discussion
	Conclusion
	Conflict of interest
	Acknowledgements
	References


