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ABSTRACT

Flatfoot is a structural disorder in which the height of medial longitudinal arch are

i declined and subsequently causes biomechanical changes in foot. The common treatment method is the
Received: 26 May 2020 use of medial soles. This study aims to compare the effects of medial soles on Ground Reaction Forces
Accepted: 09 Jun 2020 © (GRFs) during walking in male athletes with a flexible flatfoot.
¢ [VETIYE Participants were 15 male athletes with flexible flatfoot (Mean+SD age= 21.33+3.39 years,
MeanzSD height=178.72+5.28 cm, and MeanSD weight= 71.76+8.04 kg). Vertical and anterior-posteri-
or GRFs were evaluated during walking in 3 conditions (barefoot, shoe without sole, and shoe with sole).
Data analysis was performed in SPSS software using repeated measures ANOVA with and Bonferroni
post hoc test, considering the significance level at 0.05.
[{EETE GRF changed when using shoes with medical soles at both vertical and anterior-posterior direc-
tions compared to two other conditions, such that as the heel raised from the ground, GRF increased
(P=0.00) and the vertical GRF decreased at mid-stance phase (P=0.02). In comparing the anterior-poste-
rior GRF in three conditions, results showed that the posterior force was significantly higher when using
shoes with medical soles compared to the barefoot condition (P=0.001), while the difference was not
significant for the anterior force (P=1.16).
[T By controlling the amount of pronation and eversion in the foot while walking using sandals
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Keywords: with custom medical soles, the pattern of reaction force distribution can be changed at the vertical and
Flatfoot, Medical sole, anterior-posterior directions compared to the barefoot condition, indicating the effect of using a custom
Gait, Ground reaction  : medical sole on the force distribution in the sole of the foot and subsequently on other joints. Therefore,
force ©itis recommended to study the kinetic changes of the joints following the use of medical soles.
Extended Abstract function. In case of any structural disorder, it can affects
static (standing) and dynamic (walking) activities. Medial
1. Introduction longitudinal arch of the foot is one of the most diverse bony
structures of the body, which is characterized by its height
he structure of the foot is mentioned as one relative to the ground. Low medical longitudinal arch of the
of the determining factors of lower limb foot is called flatfoot. Flatfeet cause biomechanical ineffi-
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ciencies in the foot, ankle, and gait. Studies have been con-
ducted on the relationship between Ground Reaction Force
(GRF) and flatfoot disorder which show that the GRF is
different in people with flatfoot than in healthy individuals.
One of the common ways to control extra foot movement
and improve biomechanical performance is the use of soles
(foot orthosis) and proper sandals.

In this study, we aim to compare the effect of using soles
in three conditions: bare feet, using sandals with medical
soles and sandals without medical soles. Assuming the ef-
fect of sole use on the GRF while walking, an attempt
was made to answer the question of whether the use of
medical sole affects the GRF while walking in people
with flexible flatfoot (Figure 1).

2. Methods

The study population consists of all male athletes aged
18-25 years. Of these, 15 with flexible flatfoot (Mean+SD
age= 21.33+3.39 years, Mean+SD height= 178.72+5.28
cm, and Mean+SD weight= 71.76+8.04 kg) were selected
using a convenience sampling method after initial assess-
ments and based on inclusion criteria. After familiarizing
them with the study methods, the study was conducted un-
der three conditions: barefoot, using sandals with soles, and
without soles (Figure 2). They were asked to walk on the
walkway for 3 meters three times at normal speed. A force
plate (KISTLER, Switzerland) with a frequency of 1200
Hz was used to record the desired data. After recording, the
data analysis was performed in Nexus and MATLAB ap-
plications. In the data processing stage, after checking the
correctness of the steps and recording the data, in order to
reduce noise and error, the 4th order low-pass butterworth
filter was used. In order to standardize data and have the
ability to compare them, they were normalized based on
body weight and a complete walking cycle period. In this
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study, the peak points of the GRF curve in both vertical and
anterior-posterior directions were used, which are impor-
tant points in terms of function [22]. These peaks are shown
in Figure 3. Mean and standard deviation was used for de-
scribing data, Shapiro-Wilk test to evaluate the normality
of data distribution, repeated measures ANOVA to compare
the effect of sole use in each condition, and Bonferroni post
hoc test if the difference in mean scores was significant. All
analyses were done in SPSS software, considering the sig-
nificance level at 0.05.

3. Results

Based on the results presented in Table 1, the difference
among the three conditions was significant in terms of
vertical (V1, V2, V3). The results of Bonferroni post hoc
test (Figure 3) showed that the difference was significant
among the three study conditions in terms of parameter V1
which had increased, but the difference was no significant
between the use of sandals with and without medical soles.
Regarding the parameter V2, the difference was significant
only between two conditions of barefoot and use of sandals
with medical soles, which had decreased. Regarding the
parameter V3, the difference was significant only between
two conditions of the use of sandals with and without medi-
cal soles, which had increased.

Anterior-posterior GRF component of A-P1 had lower
value in the barefoot condition than in the other two condi-
tions, and the difference among the three conditions was
significant. Although the mean of A-P2 was lower when
using sandals with and without soles than in barefoot con-
dition, the difference was not significant. Based on the re-
sults, the hypothesis 1 stating that the use of soles affects the
parameters of GRF in the three test modes, was confirmed
at a significance level of 0.05 (Figure 4).
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Figure 1. 3D molding of the foot for cutting the sole (right) and a sample of made medical soles (left).
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Figure 2. Sandals with medical lodge and removable sole

4. Discussion and Conclusion

According to the findings of the present study, it can be
said that the use of soles can affect the GRF at vertical di-
rection. The increase in the first peak of the vertical GRF
when using sandals with medical soles in our study can be
due to the heel height of the sandal. As the length of the
lower limb increased, the amount of the first peak increased
compared to the barefoot condition. The minimum amount
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of GRF is generated in the mid-stance phase of gait. This
amount is higher in people with flatfoot compared to nor-
mal people because of the looseness of foot structures in
these people. The intervention in the present study could re-
duce its amount and was able to provide adequate structural
support for the foot. The third peak represents the force ex-
erted when heel rises from the ground. This parameter was
increased when using sandals with medical soles, which
could be due to the increase in plantar flexor torque.

Table 1. Mean and standard deviation of selected peak points of GRF during walking in different conditions

Variable Group MeantSD Min. Max. F Sig.
Sandal with medical sole 1.110.08 0.98 134
V1 Barefoot 1.09+0.08 0.96 1.30 4.15 0.001*
Sandal without medical sole 1.11+0.07 0.96 133
g Sandal with medical sole 0.82+0.08 0.66 1.02
% V2 Barefoot 0.86+0.07 0.73 1.03 2.73 0.02*
©
g Sandal without medical sole 0.82+0.08 0.65 1.00
Sandal with medical sole 1.150.08 1.04 1.38
V3 Barefoot 1.11+0.08 0.97 133 433 0.002*
Sandal without medical sole 1.13+0.07 1.01 1.36
= Sandal with medical sole -0.15+0.03 -0.27 -0.10
&
% A-P1 Barefoot -0.12+0.02 -0.20 -0.06 14.22 0.001*
o
% Sandal without medical sole -0.14+0.03 -0.22 -0.10
g Sandal with medical sole 0.17£0.02 0.13 0.26
'g A-P2 Barefoot 0.17+0.02 0.12 0.24 1.65 1.16
< Sandal without medical sole 0.17+0.02 0.11 0.23

*P< 0/05
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Figure 3. Mean and standard deviation of GRF while walking and selected peak points (A) in vertical and (B) in anterior-posterior directions

The results of the present study showed that the amount
of posterior GRF increased when using sandals and medi-
cal soles. This can be due to the increase in the level of foot

contact with the ground, which is followed by increased fric-
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tion. The amount of anterior GRF also increased when using
sandals with soles compared to the barefoot condition, but
the difference was not significant. This can be due to better
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Figure 4. Changes in the GRF when walking at (A) vertical and (B) anterior-posterior directions in three conditions
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foot control when using the sole because in the second gait
phase it can create more forward force for the person [34].

By controlling the amount of pronation and eversion in
the foot while walking using sandals with custom medi-
cal soles, the pattern of reaction force distribution can be
changed in the vertical and anterior-posterior directions
compared to the barefoot condition, indicating the effect of
using a custom medical sole on the force distribution in the
sole of the foot and subsequently on other joints. Therefore,
it is recommended to study the kinetic changes of the joints
following the use of medical soles. This study had some
limitations. For example, not use of a muscle activity re-
corder, no female subjects, and no evaluation of the long-
term effects of soles on the study parameters.
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