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Abstract: Pes planus (“flat feet”) is one of the most common orthopaedic
conditions observed in adult health practice. The purpose of this study was
to evaluate the foot arch quality and the occurrence of toes deformities
among physiotherapy students (N = 106; 33 men and 73 women). The mean
age of students was 22.28 years. The CQ-ST Podoscope was used as the main
research tool. We evaluated the Clark’s angle and Weisflog index as foot
parameters to assess the quality of the longitudinal foot arch and the
transverse foot arch, respectively. We also evaluated the incidence of toes
deformities of the big toe angle (ALFA) and little toe angle (BETA) according
to Weisflog. Most students had a physiologically arched longitudinal foot
arch. Despite the young age of subjects, we found an increased occurrence of
the flat transverse foot arch and big toe deformities, especially among

women.
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1. Introduction

The development of the human foot
took many millions of years, during which
it underwent a number of changes. Thanks
to civilization stimuli, the human foot is
still evolving. The thumb toe was originally
separated from the toes, but gradually lost
grasping ability and merged with the other
fingers, which subsequently shortened.
The heel widened and grew larger. These
shape changes are the result of the
abandonment of tree life, which was

caused by movement on the solid ground
and at the same time by a change in the
way of movement [16]. At the level of
functional anatomy, the human foot fulfils
two important functions, ensuring the
standing position and human locomotion.
The foot thus fulfils the static function by
carrying the weight of the whole body
(allows standing and upright posture) and
dynamic function by allowing human
locomotion, reducing impacts on the
surface during walking and adapting to the
shape of the ground) [14]. Therefore, the
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foot must be sufficiently flexible and rigid
enough. When walking, each step must
begin with a foot as a flexible and
adaptable structure and end with a rigid
lever. There are dozens of joints between
the bones. From a functional point of
view, the movement is considerably
limited, but a certain elastic effect
associated with minor displacements must
be maintained for proper foot function
(5], [6].

The arch of the foot refers to the less
movable articulations of the ankle bones,
the tarsal and metatarsal bones and the
phalanges, which are strengthened by
tendons, ligaments, foot and lower leg
muscles [13]. There are three support
points on the foot - the calcaneal
tuberosity, the first and fifth metatarsal
heads. The components thus together
form the longitudinal and transverse
arches of the foot, protecting the soft
tissues of the foot and thus providing a
flexible contact with the ground [7]. The
foot arches are created by the active work
of the toes and feet in the process of
children’s vertical movement and walking
[12]. Almost every other adult walks
through life with a foot disorder. The foot
problems range from bruises and various
fungal infections to various foot
deformities, but also serious illnesses
associated with insufficient blood flow,
joint inflammation and arthrosis. Many of
these diseases can be prevented [10]. The
most common deformity is the flat foot. It
is a broad term describing the lowered
longitudinal arch of the foot with
calcaneal valgosity. This descriptive term
refers to an abnormally lowered
longitudinal arch of the foot or even the
loss of the arch. The integrity of the
longitudinal and transverse arches is
dependent on the configuration of the

bones, tarsal joints, and the tension
among ligaments joining the particular
bone structures of the foot. We must not
forget about the muscle work [4], [9]. Pes
planus or planovalgus is referred to as the
static deformity in which the transition
from  physiological to  pathological
conditions is smooth. However, its
occurrence is also associated with obesity
and constitutional weakness of the
ligaments. Pes planus may also occur after
trauma, inflammation, bone metabolic
diseases, shortening of the fibula as a
result of rickets [24]. Pes cavus, or pes
excavatus, refers to the elevated foot
arch, which resembles a tense bow with a
typical immovable middle part of the foot,
high instep, and a small support surface.
Pes transversoplanus refers to the
lowered transverse foot arch, which is
stretched and flattened. The occurrence
of pressure sores on the soles of the feet,
enlarged forefoot and the occurrence of

toe deformities are typical signs of
transverse arch problems [10], [11].
Relatively frequent toe deformities

include hallux valgus (bunion), which is a
complex defect caused by hereditary
factors in combination with inappropriate,
too pointed footwear that deviates the
thumb from the axis, restricts muscle
activity as well as overloading the forefoot
[23]. Hallux valgus is often associated with
the problem of a transverse flat foot,
resulting from overloading the main joint
of the thumb and the incorrect type of
gait [19]. The interest of researchers in
feet has contributed to the emergence of
an independent science - podology that
deals with the prevention and diagnosis,
as well as the rehabilitation and treatment
of foot defects. In this study, we
determined the incidence of foot arch
problems and hallux valgus and
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bunionette of the little toe among
university students.
2. Methods of Research

The study was conducted at the

Department of Physical Therapy, Faculty
of Healthcare, University of Presov,
Presov, in 2019. The study was supported
by the grant project VEGA 1/0376/19
entitled Risk factors of university students’
health in the context of physical activity.
The participants were full-time and part-
time students of physical therapy at the
Faculty of Health Care, University of
Presov, Presov. The sample consisted of
106 students, 33 men (31.3%) and 73
women (68.7%). The mean age of students
was 22.28 years. The primary research
tool applied was the CQ-ST Podoscope.
We evaluated the following foot
parameters: Clarke’s angle, which assesses
the longitudinal foot arch. Clarke’s angle
was defined as the angle between the
tangent at the medial margin of the
footprint and the line connecting the
longest perpendicular distance from the
medial border of the foot and the point at
which the medial tangent crosses the
margin of the front foot. Clarke’s angle in
a normal foot ranges from 42° to 54° and
in a flat foot it is up to 30° low arch
ranges from 31° to 41° and high arch
starts from 55° [20], [25]. The transverse
arch was assessed according to the
Weisflog index. Values between 2.55 and
3.00 denote healthy transverse arch, and
values between 2.00 and 2.50 denote
transversely flat feet. Values over 3.00
indicate a high transverse foot arch [22].
ALFA angle — angle of hallux valgus. The
angle of the hallux valgus should range

from 0° - 9°. Hallux valgus angles higher
than 9° indicate hallux valgus deformity.
We also evaluated the BETA angle, which
is the angle of the fifth toe. The normal
angle of the fifth toe ranges from 0° to 9°
[25]. To determine correlations between
gender and parameters indicating foot
arch quality, we used the Pearson’s
correlation coefficient.

3. Results and Discussion

To assess the quality of the longitudinal
foot arch (Table 1), we used the Clark’s
angle. Of 106 students, 75.5% and 78.3%
of students had a physiologically healthy
longitudinal arch on the right foot and left
foot, respectively. A total of 13.2% and
11.3% of students were diagnosed with
flat feet on the right foot and left foot,
respectively. High arch on the right and
left foot was diagnosed in 11.3% and
10.4% of students, respectively. The data
above show low percentages of university
students diagnosed with longitudinal foot
arch disorders.

To assess the transverse foot arch (Table
2), we applied the Weisflog method.
Compared with the longitudinal foot arch,
lower number of university students had
a physiologically healthy transverse foot
arch. A total of 57.5% and 50.9% of
students were diagnosed with a
physiologically healthy transverse arch on
the right and left foot, respectively. Flat
transverse arch on the right foot and left
foot was diagnosed in 42.5% and 49.1% of
students. None of the students was
diagnosed with a highly arched foot.
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Quality of the longitudinal foot arch Table 1
Foot arch Right foot Left foot
characteristics n % n %
Physiologically healthy foot 80 75.5 83 78.3
Flat feet 14 13.2 12 11.3
Highly arched foot 12 11.3 11 10.4

Note. n - sample size

Quality of the transverse foot arch Table 2
Foot arch Right foot Left foot
characteristics n % n %
Physiologically healthy foot 61 57.5 54 50.9
Flat feet 45 42.5 52 49.1
Highly arched foot 0 0 0 0

Note. n - sample size

Table 3 shows the incidence of big toe
and little toe deformities assessed using
angle parameters according to Weisflog.
Angles greater than 9° indicate a valgus
position [21], showing a hallux valgus
deformity of the big toe [25]. Of the entire
sample of university students, 55.7% and
49.1% of students had ahallux valgus
deformity on their right and left foot,
respectively.

The incidence of the varus deformity of
the fifth toe was lower. A total of 38.7%
and 41.5% of students were diagnosed
with a varus deformity of the fifth toe on
their right and left foot, respectively.

The presented data show a bilateral
incidence of toe deformities among
almost half of the students.

Incidence of toe deformities Table 3
i Right foot Left foot

Parameter Characteristic n g % n %
ALFA angle normal 47 443 54 50.9
(hallux valgus) pathological 59 55.7 52 49.1
BETA angle normal 65 61.3 62 58.5
(varus angle of

the fifth toe) pathological 41 38.7 44 41.5

Note. n - sample size

Tables 4 and 5 present basic statistical
characteristics of parameters observed
among both men and women. There were
no significant differences in mean values
between men and women. The only
significant correlation (p = 0.020) was
found between the hallux valgus

deformity and gender (Table 6).

As reported by other authors, women
were diagnosed with a larger number of
hallux valgus deformities than men. As
reported by other authors, women were
diagnosed with a larger number of hallux
valgus deformities than men.
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Descriptive characteristics of foot parameters: women (n = 73) Table 4
Right foot Left foot
Parameters - Women ] sD M D
Clarke’s angle 49.00 6.39 49.85 4.71
Weisflog angle 2.73 0.32 2.91 0.22
ALFA angle 4.32 3.83 5.52 5.02
BETA angle 19.67 5.89 19.61 4,91
Note. M - arithmetic mean; SD - standard deviation
Descriptive characteristics of foot parameters: men (n = 33) Table 5
Right foot Left foot
Parameters - Men Iy D Iy, D
Clarke’s angle 48.26 9.67 48.73 5.87
Weisflog angle 2.82 0.22 2.91 0.28
ALFA angle 3.39 4.21 2.52 4.07
Note. M - arithmetic mean; SD - standard deviation
Correlation between gender and foot parameters Table 6
Parameters Left foot Right foot
r p r P
Clarke’s angle -0.061 0.605 -0.058 0.619
Weisflog angle 0.690 0.558 0.117 0.317
ALFA angle 0.268 0.020 0.268 0.020
BETA angle -0.206 0.077 -0.206 0.077

Note. r - correlation coefficient; p - p-value

According to the results of the study, the
incidence of either flat foot or highly
arched foot among university students
was minimal. Similar findings were
reported by [18] for asample of 208
students. [2] conducted a cross-sectional
study to determine the incidence of highly
arched or flat feet among the sample of
150 students using the navicular drop test
and podoscopic examination. The results
of this study showed that 36.6% were
diagnosed with pes planus and 16.6% of
students with pes cavus. [3] found a
bilateral incidence of flat feet among
11.25% of physical therapy students.
Despite the fact that other studies show a

low incidence of flat transverse foot arch
among university students, our results
have confirmed a bilateral incidence of flat
transverse foot arch among half of the
male and female students of physical
therapy. [23] carried out a study to assess
foot health condition using plantograms
among 170 students of the Comenius
University in Bratislava. The participants
were 80 men and 90 women whose mean
age was 21.4 years. The purpose of the
study was to analyse foot arches using the
Chippaux-Smirak index and toe
deformities using the angles of big and
little toes according to the Weisflog
method. The results of this study show
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that relatively young adults suffer from
various foot deformities, which s
consistent with our findings. A similar
study was conducted by [8] who assessed
the quality of the longitudinal foot arch,
ankle joint range of motion and hallux
valgus deformities among 163 medical
faculty students, 74 females and 89 males.
The differences between males and
females in terms of the ankle range of
motion (p < .000) and incidence of the
hallux valgus (p < .043) were statistically
significant. Differences between males
and females in the foot structure have
been confirmed in numerous published
studies [8] [15]. Gender is to be
considered arisk factor determining the
origination of toes deformities.

Using the analysis of correlation
between body mass index (BMI) and
Weisflog angle, multiple authors point to
the statistically significant effect of obesity
on the transverse foot arch. The Weisflog
index decreased with increasing BMI [1]
[18]. [17] determined the effect of the
foot arch quality and toes deformities
among students. On the basis of the
analysis of body mass influence on
individual indicators characterizing foot
structure, the research proved that
indicators exceed the norms in case of
obese students in comparison to students
with correct body mass.

4, Conclusion

The university students who
participated in  this study were
predominantly diagnosed with

physiologically healthy foot arch. Despite
the fact that the subjects were young
adults, almost half of the students were
diagnosed with flat transverse foot arch.
More than athird of university students

had a valgus deformity of the fifth toe.
Hallux valgus was diagnosed in half of the
students, especially women. We assume
that these foot deformities are caused by
wearing inappropriate footwear.
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