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Abstract

Pronated and supinated foot as common foot deformities with biomechanical changes in
walking can cause injury to the lower limbs. The purpose of this study was to investigate the
frequency spectrum of selected lower limb muscles on the ground compared to artificial turf
in individuals with foot deformity during walking. In this quasi-experimental study, 10 men
with pronated foot, 10 supinated foot and 10 healthy people aged 20-25 years volunteered to
participate. A biometrics electromyography machine was used to record the frequency
spectrum of selected muscles. DataLight biometrics software was also used to extract the
frequency of selected muscles during 3 phases of walking. The results showed that the
frequency of rectus femoris muscle and gluteus medius muscle increased during the loading
phase of walking on the artificial turf compared to the ground. Gastrocnemius muscle and
vastus lateralis muscle activity was higher in healthy group than in pronated and supinated
groups. In addition, the results revealed that the use of artificial turf for people with foot
deformities can be useful due to the increased activity of rectus femoris muscle and the gluteal
muscles during the loading phase.
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Extended Abstract

Background and Purpose

Walking is done for various purposes such as increasing mobility, losing weight,
maintaining fitness, improving balance, and growing more bones , etc (1, 2);
however, injury rate in this activity is high. One of the causes of injury can be the
increase of mechanical stiffness related to sports surfaces (3, 4). Most of these injuries
occur in the lower body. Most functional problems of the foot are caused by changes
in the arches of the foot (5). Examining the functional capacity of the leg muscles in
people with foot deformity can help us choose the right surface for these people. In
recent years, artificial turf has become an appropriate and reliable alternative in many
sports (6). There is interaction between the surfaces and joints of the lower limbs
during transitional movements. Therefore, it seems necessary to study the frequency
spectrum of selected lower limb muscles on the ground compared to artificial turf in
people with foot deformity while walking.

Materials and Methods

In this quasi-experimental study, the participants included 10 men with pronated foot,
10 supinated foot and 10 healthy people aged 20-25 years. The navicular bone
sagging method was used to divide the groups of flat feet and healthy feet (7). The
research protocol was approved by the Sports Sciences Research Institute with the
ethics code TR.SSRC.REC.1400.022 (8).

An 8-channel electromyography machine with a surface electrode was used to record
the frequency of selected muscles. First, the subject's superior leg was identified
using a soccer ball shot, to place electrodes on the superior leg. In order to record the
electromyography activity of the muscles, first the part of the desired muscles was
shaved and cleaned with medical alcohol and cotton to reduce resistance. The
electrode method was bipolar and the center distance between the two electrodes was
20 mm. The superficial electrodes were then placed on the anterior tibialis muscle,
gastrocnemius muscle, rectus femoris muscle, vastus lateralis muscle, vastus
medialis muscle, biceps femoris muscle , semitendinosus muscle and gluteus medius
muscles according to the European protocol of Seniam (9). Surface
electromyographic signals were recorded at a sampling rate of 1000 Hz and
transmitted using a 10-500 Hz transient Butterworth filter. In the present study, the
third generation artificial turf was used as a surface. In order to record
electromyography activities, each subject walked the 15-meter path barefoot and at a
speed of his choice (10) in three correct heel-toe trials, once on the ground and again
on artificial turf. DataLight biometrics software was used to extract the frequency of
selected muscles during 3 phases of walking (loading phase, middle phase, and
intermediate phase). The normality of the data distribution was confirmed using the
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Shapiro-Wilk test. Two-way analysis of variance with repeated measures was used
to compare the three data sets during ground and turf conditions. Tukey post hoc test
was also used to compare the differences between groups. All analyses were
performed at the significance level of 0.05 and using SPSS software version 25.

Findings

The results showed that the effect of surface factor on the values of rectus femoris
muscle frequency (P = 0.029) and gluteus medius muscles (P = 0.037) during walking
loading phase was significant. The pair comparison showed that the frequency of
rectus femoris_ muscle activity increased on the artificial turf compared to the ground.
Paired comparisons showed that the frequency of gluteus medius muscles activity
increased when walking on artificial turf compared to the ground.

The results of muscle frequency values during the middle phase of gait showed that
the effect of surface factor on the frequency values of muscles during the middle
phase of gait was not significant (p > 0.05). The results showed that the effect of
group factor on the values of gastrocnemius muscle frequency (p = 0.007) and vastus
lateralis muscle (p = 0.015) during the middle phase of gait was significant. Pair
comparison showed that gastrocnemius muscle activity was higher in the healthy
group than in the pronate and supinate groups. Pair comparison indicated that the
activity of vastus lateralis muscle in the healthy group and pronate is higher than
supinate group. The results of muscle frequency values during intermediate phase
showed that the effect of surface factor, group and interaction effect of surface and
group on muscle frequency values during gait oscillation phase was not significant
(p <0.05).

Conclusion

The aim of the present study was to determine the frequency spectrum of selected
lower limb muscles on the ground compared to artificial turf in individuals with foot
deformity while walking. Overall, changes in the anatomy of the foot appear to affect
the frequency spectrum of muscles during walking. The results showed that the
frequency of rectus femoris muscle and the gluteal muscles increased on the artificial
turf compared to the ground. It can be generally stated that the use of artificial turf
is recommended for use by people with foot deformity due to increasing the gluteus
medius and rectus femoris_muscle activity during loading phase.

Article Message
The frequency spectrum of rectus femoris muscle and the gluteus medius muscles is
higher on the artificial turf than on the ground. Therefore, it can be claimed that
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walking exercises on artificial turf are effective in strengthening these muscles. The
frequency of gastrocnemius muscle and vastus lateralis was higher in the healthy
group than in the group with foot deformity. Changes in the anatomy of the foot
appear to affect the frequency spectrum of muscles during walking.

Keywords: Frequency Spectrum, Artificial Turf, Walking
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