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Abstract

INTRODUCTION

With advancing age in females, gait patterns change due to several factors, including nutritional and hor-
monal influences. These changes can lead to a lowering of the foot arch, resulting in mild valgus and varus
deformities. Regular yoga practice may help tone the musculoskeletal system of the foot, promoting the
maintenance of the medial longitudinal, transverse, and lateral arches.

STUDY AIM
This cross-sectional study aimed to compare the arch indices of female yoga practitioners to those of
non-practitioners in order to ascertain how yoga affected female arch indices.

MATERIALS AND METHODS

Fourteen female students from Banaras Hindu University in Varanasi, India, participated in the study,
seven of which were regular yoga practitioners and seven were non-yoga practitioners. Their left and right
arch indices were determined by taking measurements from their footprints. A Mann Whitney U test was
used to compare the foot arch indices of the two groups.

ResuLTs
A statistically significant difference between the left as well as right foot arch indices of females was revealed.

CoONCLUSION

The study concludes that females who practice yoga may experience foot arch plasticity which is not
necessarily evident in non-yoga practitioners. Future studies should test larger sample sizes and different
genders.
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Introduction

Importance of the Foot Arch
and Its Role in Bipedal Locomotion

The human foot plays a vital role in sup-
porting bipedal locomotion, with the me-
dial longitudinal arch (MLA) serving as
a key structural component in shock ab-
sorption, balance, and weight distribution.
This arch allows the foot to adapt to une-
ven surfaces and absorb forces during gait.
When the MLA is compromised, it can
result in biomechanical dysfunctions, al-
tered gait, and discomfort that may impair
walking and posture (Holowka & Lieber-
man, 2018; Ker et al.,, 1987). The MLA
is a unique feature in human evolution,
enabling effective upright walking and
running. Pathologies such as plantar fas-
ciitis, Achilles tendinitis, and Morton’s
neuroma are known to cause foot pain and
may limit mobility. Similarly, deformities
like pes planus (flat feet) and pes cavus
(high arches) often develop from prolonged
weight-bearing or overuse and can be asso-
ciated with secondary issues, including low
back pain (Tsung et al., 2003). These facts
emphasize the need for regular assessment
of MLA using reliable, non-invasive tools
to ensure early detection and correction.

Tools for Assessing the Medial
Longitudinal Arch
Several tools and indices have been devel-
oped to evaluate the structure and func-
tion of the MLA. Among these, the Foot
Posture Index (FPI), and its revised version
FPI-6, are widely used for visually assess-
ing foot alignment in clinical and research
settings. The FPI-6 has demonstrated
moderate to high intra-rater reliability
and moderate inter-rater reliability, and it
has been validated in various age groups
(Keenan et al., 2007; Morrison & Ferrari,
2009). In pediatric populations, the FPI-6

has shown good diagnostic accuracy when
compared to radiographic assessments,
with reported sensitivity and specificity
values above 80% (Lee et al., 2020).

In addition to observational indices,
footprint-based tools such as the Arch In-
dex (AI) (Cavanagh & Rodgers, 1987) and
the Staheli Index (Staheli et al., 1987) are
frequently employed. These indices offer
a non-invasive, cost-effective method for
estimating MLA height. Although radio-
graphic and anthropometric methods are
more precise, footprint-based indices are
widely used in field studies due to their
simplicity. Importantly, Kanatli et al.
(2001) reported significant correlations
between footprint indices and radiograph-
ic measures of MLA, supporting their
clinical relevance. Despite some limita-
tions in accuracy, footprint indices remain
a practical option, especially when radio-
logical evaluation is not feasible.

Influence of Body Composition
and Lifestyle Factors on Medial
Longitudinal Arch
The height and structure of the MLA are
influenced not only by mechanical factors
but also by body composition, gender, age,
and lifestyle. Obesity has been identified as
a major risk factor for pes planus, where in-
creased body mass may cause excessive flat-
tening of the arch, compromising foot func-
tion and resilience (Butler et al., 2008). This
arch flattening can also lead to secondary
problems in the knees, hips and lower back.

Several studies have explored the re-
lationship between MLA parameters and
body mass index (BMI). Stankovié et al.
(2018) observed a strong correlation be-
tween left foot arch angle and BMI, sug-
gesting that this angle may serve as a more
reliable predictor of BMI compared to
other indices. Gilmour and Burns (2001)
emphasized that body composition sig-
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nificantly affects arch index values, high-
lighting the importance of interpreting
such indices alongside body composition
data. Other variables, including gender,
limb dominance, and age, have also been
shown to influence MLA structure. In
a study by Wearing et al. (2004), both Al
and Navicular Height (NH) were found to
be valid, non-invasive predictors of MLA
across age groups. While NH appeared
more sensitive to age-related changes, Al
was slightly more accurate overall. Togeth-
er, these findings support the use of such
indices in large-scale population studies.

In light of the growing interest in the
role of physical activity in foot structure,
this study investigates whether regular
yoga practice has an effect on the MLA
in females. We test a hypothesis that the
foot arch index of female yoga practition-
ers will differ from non-practitioners.

Materials and Methods

A total of fourteen female participants were
selected through simple random sampling
from various sports specializations at the
Department of Physical Education, Ba-
naras Hindu University, India, aged be-
tween 19-23 years. Among them, seven
participants reported engaging in regular
yoga practice, while the remaining seven
had no prior experience with yoga or related
physical activities. Prior to data collection,
all participants received both verbal and
practical orientation regarding the purpose
and procedures of the study. The study in-
volved non-invasive procedures limited to
the collection and analysis of static foot-
prints. All participants were healthy adult
volunteers who were informed in detail
about the aims, procedures, and voluntary
nature of the research. Written informed
consent was obtained from each partici-
pant prior to data collection. As the study

did not involve any clinical intervention,
collection of sensitive personal data, or
work with vulnerable populations, formal
ethical clearance was not required by our
institution. Nonetheless, the study ad-
hered to the ethical principles outlined in
the Declaration of Helsinki and followed
standard academic practices for research
involving human participants.

The primary variable selected for this
study was the Foot Arch Index (Cavanagh
& Rodgers, 1987; Ozer & Barut, 2012) (Fig-
ure 1), assessed separately for the left and
right foot of each participant. This variable
was chosen to evaluate the structure and
characteristics of the MLA across both yo-
gic and non-yogic groups. The Arch Index
is the ratio of the area of the middle third
of the toeless footprint to the overall toeless
footprint area. A line is drawn between the
center point of the second toe and the pos-
terior-most point on the heel. Two parallel
lines perpendicular to this line are drawn to
divide the toeless footprint area into equal
thirds. This was calculated from the foot
imprints of the subjects, which were taken
by using an inkpad on an A4 sheet with one
leg standing position (Ozer & Barut, 2012).

Figure 1. Calculation of arch index of foot. The
length of the footprint excluding the toes (L) is
divided into equal thirds. The Al is then calcu-
lated as the area of the middle third of the foot-
print divided by the entire footprint area (Arch
Index = B/(A + B + C))
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The Foot Arch Index was calculat-
ed based on the method described by
Ozer and Barut (2012), which has been
established as a reliable and wvalid ap-
proach for assessing foot morphology in
both athletic and general populations.
This method enables a consistent and
non-invasive measurement of the me-
dial longitudinal arch using static foot-
print data. To classify the arch types into

:

high arch, normal arch, and low arch
(pes planus), categorization thresholds
were adopted from established norma-
tive data presented in previous research
(Menz et al., 2012). These classification
criteria were used to interpret individ-
ual Foot Arch Index values and group
participants accordingly. The procedure
and classification system are illustrated
in Figure 2.

HIGH ARCH
Al<0.21

Figure 2. The visual categorization of foot arch index

Statistical Procedures

Descriptive statistics, including the mean
and standard deviation, were computed to
summarize the arch index values of both
yoga practitioners and non-practitioners.
Given the small sample size (n = 14) and
the non-parametric nature of the data,
a Mann-Whitney U test was employed
to examine differences in foot arch index
between the two independent groups. All
statistical analyses were performed using
standard statistical software, with the lev-
el of significance set at p < 0.05.

Results
The mean and standard deviation of the

left and right foot arch index for both
yoga practitioners and non-yoga practi-

NORMAL ARCH
0.21<AT<0.28

LOWARCH
Al=0.28

tioners are shown in Table 1. The data
indicate a lower average arch index in the
yoga group, suggesting a comparatively
higher medial longitudinal arch.

Table 1. Descriptive statistics of left foot arch index
in yoga and non-yoga female practitioners

Grou N Mean Arch  Standard
P Index Deviation

Yoga
Practitioners: 7 0.264 0.052
left foot
Non-Yoga
Practitioners: 7 0.370 0.036
left foot
Yoga
Practitioners: 7 0.276 0.053
right foot
Non-Yoga
Practitioners: 7 0.360 0.037
right foot
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Statistically  significant differences
were observed between the yoga practic-
ing and non-practicing groups, indicating
a potential influence of yoga practice on
foot arch morphology. The p value was
lower when the left foot was compared
(U = 1; p=0.001), whereas it was high-
er (U =3 ; p=0.004), but still statistically
significant when comparing the right foot.

Discussion

Our preliminary findings suggest that reg-
ular engagement in yoga may be associat-
ed with measurable alterations in medial
longitudinal arch structure. The human
foot, particularly the MLA, has long been
considered an essential structure in the
context of bipedal locomotion and postural
stability—key traits in human evolution-
ary adaptation. This study explored wheth-
er regular engagement in yoga, a culturally
rooted and functionally diverse physical
practice, contributes to measurable dif-
ferences in foot arch structure among fe-
males. The findings revealed statistically
significant differences in the arch index of
both the left and right foot between yoga
practitioners and non-practitioners, sug-
gesting that sustained functional loading
through yoga may lead to subtle morpho-
logical adaptations in the foot.

From an anthropological perspective,
these results add to the growing body of
research that underscores the dynam-
ic interaction between physical activity,
cultural behavior, and human form. The
consistent practice of yoga, involving pos-
tures that load the feet in varied planes
and require proprioceptive feedback, may
stimulate musculoskeletal adaptations
over time—supporting the hypothesis
that lifestyle factors can influence phe-
notypic variation in foot morphology
(Kulthanan et al., 2004).

While previous research has empha-
sized the reliability of arch height index
and footprint-based analysis in assessing
MLA structure (McPoil et al., 2006; Ozer
& Barut, 2012), the present findings
highlight yoga as a potential behavioral
modifier of foot form. The use of the
arch index as a non-invasive measure
aligns well with anthropological methods
focused on external morphology and al-
lows for cost-effective, reproducible data
collection in field and community-based
research.

The observed differences in arch in-
dex may reflect adaptive responses of
the intrinsic and extrinsic foot muscula-
ture, possibly supporting arch elevation
and alignment. These adaptations could
reduce the risk of common foot pathol-
ogies such as pes planus, particularly in
females, who are often more susceptible
due to footwear choices and occupational
load (Barton et al., 2009). Such findings
are relevant in evolutionary anthropology
and anatomy, where foot structure is not
only examined for its role in past mobility
patterns but also as a site of modern func-
tional adaptation (e.g., Huang et al., 2019;
Shibuya et al., 2010; Willems et al., 2012).

Nonetheless, this study is limited by
its small, gender-specific sample size and
cross-sectional design. Future studies
should incorporate a broader demograph-
ic spectrum, including both sexes and
varying age groups, to explore whether
similar adaptations occur across popu-
lations. Longitudinal studies would also
help determine whether observed chang-
es are transient or structural.

Conclusion
The present study provides preliminary

evidence that regular yoga practice may
influence the medial longitudinal arch
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structure in women, as reflected in lower
arch index values compared to non-practi-
tioners. These differences suggest that cul-
tural practices like yoga—when performed
consistently—can serve as functional
stimuli capable of inducing measurable
morphological variation in the human
foot. With further evidence from oth-
er studies, implications for both clinical
health and anthropological research can
be achieved. Continued investigation into
the effects of habitual activity patterns on
skeletal and soft tissue structures may fur-
ther illuminate the plasticity of human
form in response to lifestyle, and deepen
our understanding of the role behavior
plays in shaping the body across both evo-
lutionary and contemporary time scales.
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