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ABSTRACT

Fatigue along with pronated feet during running are possible risk factors for injuries. Motion control shoes were designed
to limit excessive foot motion in runners, but its clinical efficacy has not been well reported. This study investigated the
ground reaction force characteristics in novice female runners with pronated feet during running with different footwear
before and after fatigue of the lower limb muscles. 22 novice female runners with pronated feet were volunteered to
participate in this study. A Kistler force plate and a Vicon three-dimensional motion analysis system were used to record
the ground reaction forces and gait pattern of participants, when running with motion control shoes and control shoes
before and after fatigue of the lower limb muscles.

Results: The results of this study showed that the frequency with a power of 99.5% of in the vertical ground reaction force
with the motion control shoes were lower than that control shoes during post-test. the frequency with a power of 99.5% of
in the anterior-posterior Center of pressure ground reaction force with the motion control shoes were greater than that
motion control shoes during pre-test. the frequency with a power of 99.5% of in the Medio-lateral Center of pressure
ground reaction force with the motion control shoes were greater than that control shoes during pre-test. the frequency with
a power of 99.5% of in the free moment ground reaction force with the control shoes were greater than that control shoes
during post-test.
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Introduction

During running, repetitive loading at footstrike generates intermittent impulse forces which are propagated
through the musculosketetal system [1]. These impulse forces are gradually attenuated as they travel toward
the head by the body's natural shock absorbers such as the heel pad, subchondral bone, articular cartilage,
intervertebral discs and menisci [2]. Some researchers have suggested the repetitive nature and magnitude of
these impulse forces are associated with musculoskeletal injury [3-5].The effect of physical fatigue on
running style also remains elusive. Fatigue due to training and extended bouts of running has been theorized
as a potential mechanism of injury [6-8]. Researchers have looked into identifying biomechanical differences
between measurements taken before and after a fatiguing running bout, yielding conflicting results for
vertical loading rate [6, 9], A shorter stride length [7, 10] and higher stride frequency [10, 11] for example.
fatigued runner may alter the biomechanics of their running by decreasing the angle of the foot with the
running surface at initial contact [6], changing the plantar pressure distribution [12, 13], and modifying
reaction forces [10, 14].

One biomechanical risk factor thought to predispose a runner to this injury is “‘excessive’” pronation [15,
16]. Foot pronation, defined as a combined movement of calcaneal eversion, forefoot abduction and
dorsiflexion, is the natural adaptive movement in the subtalar and midtarsal joints of the foot for shock
absorption during walking and running (15, 16). Among the foot abnormalities, excessive foot pronation has
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received much clinical attention due to its high incidence [17, 18].result in abnormal lower limb kinematics
[19, 20], ground reaction forces (GRF) [21], muscle activities [22, 23], and free moments [24, 25] during gait
12 leading to LBP [26]. Footwear is essential equipment for runners and there are different shoe
technologies developed to prevent running injuries [27]. One mainstream shoe technology is the ‘motion
control’ design, which targets to reduce excessive rearfoot movement during running, and thus, the incidence
of injuries. The mechanism of motion control shoes was based on different deformation rates between lateral
and medial midsoles [28, 29] and wedging heel counter [30, 31] so as to control the relative rates of mid-foot
and rearfoot motion. Shoe type has been thought to affect the running style, and a handful of studies
comparing motion control and conventional running shoes have been published [27, 32, 33].

These biomechanical parameters are typically analyzed through the identification of local discrete points and
their respective times of occurrence [34].Ground reaction force (GRF) frequency content may be
representative of frequency domain characteristics of many anatomical components such as joints, muscles,
and nerves during walking [35]. This approach is referred to as time domain analysis, where the data are
examined as a function of time. However, time domain analysis examines discrete points rather than the
global make-up of the data [34].Furthermore, it seems that the frequency content of GRFs during gait can
provide an important role in clinical treatment [36]. For example, Giakas et al. (1996) examined the
frequency domain of GRF in scoliosis patients. Their study was important as they also examined common
time-dependent measures. They found significantly higher frequency domain content in all three planes with
the largest effect in the medial—lateral direction. They found no significant differences in the mode pendent
measures. This is valuable considering scoliosis is a tri-planar spinal deformity that seems to affect balance
and walking in all three planes and yet common time-dependent measures could not detect any differences
[37].

Wurdeman et al. (2011), in their study on multiple sclerosis patients, suggested that frequency domain
analysis of GRF could potentially provide earlier insights into the progression of the disease [38].
Furthermore, the frequency corresponding to 99% or 99.5% of the GRF total power spectral density (PSD)
was found to be lower in clinical populations than in healthy controls [34, 39]. Also, it is reported that
preadolescents with down syndrome had a similar fundamental frequency as their healthy peers even though
the down syndrome group walked at slower speeds [35]. In light of a lack of information on motion control
shoe design for controlling pronation foot during muscle fatigue, the present study was conducted. The aims
were to: (1) examine the (GRF) frequency content of the pronation foot during running with motion control
shoes and control shoes before lower leg muscle fatigue, and (2) compare the pronation foot (GRF)
frequency content after lower leg muscle fatigue in the two footwear testing conditions.

Material and Methods

Twenty-two female recreational runners with foot pronation (age: 24.1+5.6 years; height: 165.6+10.4 cm;
body mass: 63.21+12.05 kg) and no other no known neural, musculoskeletal injuries in the previous 6
months or cardiopulmonary problems participated voluntarily in this study. Inclusion criteria for the
experiment were running training volume of 2-3 times/week for 45 min or 10 km each work out. A
participant’s foot was considered pronated if there was a navicular drop >10 mm [40], maximum rearfoot
angle higher than 6o during running with neutral shoe compared with offset angle measured in standing [41,
42], and a foot posture index of greater than 10 [42]. Exclusion criteria were the support from running clubs
and training for any competitive races in the period of the experiment. Prior to participation, written
informed consent was obtained from all participants. Approval for all procedures was obtained from the
Research Ethics Committee of the Ardabil University of Medical Sciences (code number:
IR.ARUMS.REC.1396.135).

participants were asked to run while wearing either motion control shoes designed for over-pronators
(ASICS Women's GEL-Kayano 24 Running Shoe; Figure 1A) or regular neutral regular running shoes
(ASICS Women's GEL-Nimbus 19 Running Shoe; Figure 1B). The order of the shoes across days was
randomized. These shoe models were selected based on their availability in the local market and comparable
design. According to the manufacturer, the major structural difference between the selected shoes was the
composite materials in the midsole. After arriving in the laboratory, a specific set of retro-reflexive markers
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were placed on specific landmarks and segments of the participant (see session 2.4 for further details). The
next step was an overground running protocol designed to record kinematic running parameters.
Subsequently, the participant performed a fatiguing treadmill running protocol on a closely located
laboratory. Finally, the same overground running protocol was conducted immediately after finishing the
treadmill fatiguing protocol.

Figure 1. Control neutral shoes (A) and Motion control (B) used in this study.

Ground reaction forces was recorded using Force plates (Kistler AG, Winterthur, Switzerland) embedded in
the middle of an 18-m walkway. These force plates were connected to a Vicon MX system (Vicon Motion
Systems, Oxford, UK) that recorded data at a 1000 Hz sampling frequency. Participants were familiarized
with the laboratory environment and walkway area and at least five practice trials were performed to ensure
subjects were able to strike the force plate without consciously changing their running cadence. Afterwards,
each participant identified with heel strike pattern during running (kinematic analysis) performed five
acceptable running trials at running speed of 3.3 m/s. A trial was discarded if the dominant foot did not land
on the force plates, if the participant targeted the platforms, lost balance during the trial, ran with mid or
forefoot strike pattern, or even fell during running. A 10 cm visual analog scale was used to assess the level
of comfort of the footwear. Participants were asked to mark their responses on a 10 cm visual analog scale
after each testing condition.

The fatiguing protocol consisted of running on a motorized treadmill with no inclination (Horizon Fitness,
Omega GT, USA), while heart rate was monitored continuously (Polar RS100, Polar Electro Oy, Woodbury,
NY). Participants started the test at 6 km/h, and the treadmill speed was increased 1 km/h every 2 minutes.
The perceived exertion was collected from participants at every speed increase through a 15-point Borg scale
(6-20) [43]. When a participant reported a perceived exertion of 13 or higher, the treadmill speed was fixed
to allow for a steady-state running period. If a participant reported perceived exertion equal or abol7, or if
his/her heart rate was above 80% of maximum, the fatiguing protocol was terminated after two minutes from
this point [44].

We performed a frequency analysis by first converting the GRFs (Fy, Fy, F;), free moment and COPy , COPy
of each trial to the frequency domain using fast. Force data were normalized by expressing the results as a
percentage of the subject's body weight. The Matlab program used a fast Fourier transform to extract
frequency content of the GRF data [45]. The detailed presentation of Fourier series of GRF can be found
elsewhere [46, 47]. Based on previous studies, five frequency-domain indexes were used for further analysis
for the vertical, anterior—posterior, and medio-lateral GRF of each trial [34, 38]. From the power spectrum
curve, it is possible to calculate different dependent variables of interest. Based on previous studies [39, 48]
and our pilot work, we chose the dependent variables to be investigated in this study as: The frequency
component of the greatest magnitude contained in 99.5% of the PSD plot was chosen as the criterion to
represent frequency content. This choice was made in order to identify subtle features of the GRFs patterns,
such as the heel strike impulsive load in the vertical force, usually described by high-frequency harmonics.

The first index was frequency with power of 99.5% (F99.5%), which indicates the frequency that has 99.5%
of the signal power or, in other words 99.5% of signal power is lower than that such frequency (Equation 1)
[34].

7% p(pydf = 0995 x [ p(fydf (1)
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The second index was median frequency (Fmed) [34]. Median frequency is the point where half of the total
power is above and below that frequency (Equation 2) [34, 49].

Jymep(pdf = [ p(p df @

The third index is frequency bandwidth (Fuang) The frequency band width (Fuand) is a difference between
maximum and minimum frequencies when the power is at greater than half the maximum power (Equation
3) [34, 39, 48].

fhand = fmar - fmin (when. p>= 1/2 X pmax) (3)

According to the method described by Schneider and Chao (1983), the fourth index was the essential number
of harmonics (ne) that required for 99.5% degree of data reconstruction.

This variable is defined as the number of harmonics satisfying the condition that the sum of the relative
amplitudes of each harmonic over the total amplitude is less than or equal to

0.995 (Equation 4) [50].

yne L <095

n=1

(4)

m |42 .p2
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Where n is the harmonic number; A, and B, are Fourier coefficients. The fifth index was the amplitude of
each harmonic (Hi), where i is the number of each harmonic. Normal distribution of data was confirmed by
Shapiro-Wilk test. Repeated measures ANOVA (general linear model), with significance level at 0.025
(Bonferroni adjustment), was used to test the main factors of fatigue (Pre vs. Post) and shoe type (motion
control vs. neutral). Paired t-test was used to detect difference between subjects’ feedback on footwear
comfort.

Results

No significant differences in reported comfort were observed between control (5.4+2.7) and motion control
shoes (5.8+2.9)(p>0.05).

The ANOVA results revealed that in frequency content of the GRFs in the three directions (vertical, anterior-
posterior, medio-lateral, Copx, Copy, free moment). vertical frequency at 99.5% on the motion control shoes
after muscle fatigue were lower than that control shoes after muscle fatigue protocol (by 20%; P=0.00; small
effect size). Other frequency content of vertical did not show any significant differences between four
conditions (P>0.05; Table 1). (Table 1). However, Amplitude of H4 (by 60%; P=0.04; small effect size), H5
(by 30%; P=0.00; small effect size) and H6 (by 45%; P=0.00; medium effect size) in vertical component on
the motion control shoes after muscle fatigue were lower than that control shoes after muscle fatigue
protocol (Figure 2).
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Table 1. Mean and standard deviation of the frequency of vertical (F,), ground reaction force during in different stance

phases for four conditions are presented.

Direction Component Control shoe Motion control shoe shoe fatigue Shoe*
Bre Bost bre Bost fatigue

Fz  Frequencywithpowerof995%  942+102  9.727+1.23 8931#1.62  8.07#087  0.140 0.000% 0.063
(0.101) (0.559) (0.155)

Medium frequency 2.00+0.00  2.000£0.00  2.000+0.00  2.00£0.00  1.000 1.000  1.000

(0.000) (0.000) (0.000)

Frequency bandwidth 1.01+0.05  1.000£0.00  1.000+0.00  1.00:+0.00  0.329 0329  0.329

(0.045) (0.045) (0.045)

essential number of harmonics 26.16+6.04 2831562 28.75+4.86  27.62+6.87 0722 0541 0.124
(0.006) (0.018) (0.109)
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Figure 2. Amplitude versus harmonic number plot of the vertical ground reaction force.
# Significant difference between the control shoes and the motion control shoes testing groups during post-test.

In the anterior-posterior frequency at 99.5%, medium frequency, frequency bandwidth, essential number of
harmonics did not show any significant differences between four conditions (P>0.05; Table 2).

Amplitude of H2 (by 80%; P=0.00; medium effect size), H3 (by 70%; P=0.01; medium effect size), H4 (by

43%; P=0.00; medium effect size) and H5 (by 40%; P=0.00; medium effect size) in anterior-posterior
component on the motion control shoes after muscle fatigue were lower than that motion control shoes after

muscle fatigue protocol. However, Amplitude of H2 (by 40%; P=0.00; medium effect size), H3 (by 65%;

P=0.02; medium effect size), H4 (by 49%; P=0.00; high effect size) on the motion control shoes after muscle

fatigue were greater than that control shoes after muscle fatigue protocol. Other Amplitude of H7 (by 95%;
P=0.03; high effect size), H8 (by 97%; P=0.00; high effect size), H9 (by 87%; P=0.04; high effect size) and
H11 (by 78%; P=0.03; high effect size), on the motion control shoes after muscle fatigue were greater than
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that motion control shoes after muscle fatigue protocol, and Amplitude of H7 (by 56%; P=0.03; high effect
size), H8 (by 99%; P=0.00; high effect size), H10 (by 91%; P=0.02; high effect size) and H11(by 91%;
P=0.03; high effect size) on the control shoes after muscle fatigue were greater than that motion control
shoes after muscle fatigue protocol (Figure 3).

Table 2. Mean and standard deviation of the frequency of anterior-posterior (Fx), ground reaction force during in
different stance phases for four conditions are presented.

Direction

Component Control shoe Motion control shoe shoe fatigue Shoe*
fatigue

Pre Post Pre Post

Fy

Frequency with power 0f995%  14.00+2.75  14.65:3.49  14.25¢3.32  14.19+322 0521 0857 0.686
(0.020) (0.002) (0.008)

Medium frequency 262¢411  1.78+0.33 1682026  175:0.28 0388 0277 0.341
(0.036) (0.056) (0.043)
Frequency bandwidth 1.03+0.11  1.00£0.00  1.00£0.00  1.02+0.10  0.825 0.825 0.110

(0.002) (0.002) (0.117)
essential number of harmonics  20.23+4.42  20.00+3.96  23.0746.89  20.47+4.52 0227 0070  0.322
(0.069) (0.148) (0.047)

m Control shoe Pre
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o Motion control shoe Pre
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Figure 3. Amplitude versus harmonic number plot of the anterior-posterior ground reaction force. # Significant
difference between the control shoes and the motion control shoes testing groups during post-test.* Significant
difference between the pre and post-fatigue conditions of the motion control shoes testing condition.
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In the Medio-lateral frequency at 99.5%, medium frequency, frequency bandwidth, essential number of
harmonics of Medio-lateral did not show any significant differences between four conditions (P>0.05; Table
3).

In the Medio-lateral harmonic amplitudes did not show any significant differences between the four
conditions (P>0.05; Figure 4).

Table 3. Mean and standard deviation of the frequency of Medio-lateral (Fy), ground reaction force during in different
stance phases for four conditions are presented.

Direction Component Control shoe Motion control shoe shoe fatigue Shoe*
fatigue

Pre Post Pre Post

Fx_ Frequency with power of 995% 13 63+2.19  16.04+4.43  12.29+2.17  14.02¢1.70 0.001* 0.013* 0.499
(0.433) (0.261) (0.022)

Medium frequency 2.95+150  3.46+2.47  355+2.54  223+0.29  0.055 0.340 0.050*
(0.165) (0.043) (0.170)
Frequency bandwidth 196£1.40 2174221 2574249 1194029 0030* 0482 0.075

(0.206) (0.024) (0.143)
essential number of harmonics  20.40+6.70  17.92+6.40  20.10+4.84  19.56+6.05 0222 0570  0.500
(0.070) (0.016) (0.022)

B Control shoe Pre

0 Control shoe Post

O Motion control shoe Pre
r1Motion control shoe Post

Amplitude
© o o —
E=Y (@) [wa] ek 2

e
!
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o

Figure 4. Amplitude versus harmonic number plot of the Medio-lateral ground reaction force.
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In the Copx frequency at 99.5% on the motion control shoes after muscle fatigue were greater than that
motion control shoes after muscle fatigue protocol (by 97%; P=0.03; medium effect size).Other frequency
content of Copx did not show any significant differences between four conditions (P>0.05; Table 4).

In the Copx harmonic amplitudes did not show any significant differences between the four conditions
(P>0.05; Figure 5).

Table 4. Mean and standard deviation of the frequency of the (Copy), ground reaction force during in different stance
phases for four conditions are presented.

Direction Component Control shoe Motion control shoe shoe fatigue Shoe*
fatigue

Pre Post Pre Post

Copx Frequency with power of 99.5% 23 05+8.57  24.37+7.77  18.25¢566  18.27+13.40 0.900 0.003* 0.906
(0.001) (0.357) (0.001)

Medium frequency 2.18+0.44 209025  2.00:0.15  2.03:0.08  0.637 0.036* 0.342
(0.011) (0.192) (0.043)
Frequency bandwidth 113035  1.08+0.17  1.09+042  1.01+0.04 0245 0375 0.887

(0.064) (0.038) (0.001)
essential number of harmonics 13 50+7.46  15.49+7.96  16.99+6.53  15.36£8.66 0.933 0.278  0.376
(0.000) (0.056) (0.038)

m Control shoe Pre

0O Control shoe Post

OMotion control shoe Pre
1.2 [1Motion control shoe Post

-

Amplitude
o o o
4 (=)} oo

g
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=

IH]FL'HWI I
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Figure 5. Amplitude versus harmonic number plot of the (Copx) ground reaction force.
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1

In the (Copy) frequency at 99.5% on the motion control shoes before muscle fatigue were greater than that
control shoes before muscle fatigue protocol (by 81%; P=0.04; small effect size). Other frequency content of
Copy did not show any significant differences between four conditions (P>0.05; Table 5).
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In the Copy harmonic amplitudes did not show any significant differences between the four conditions

(P>0.05; Figure 6).

Table 5. Mean and standard deviation of the frequency of the (Copy), ground reaction force during in different stance

phases for four conditions are presented.

Direction Component Control shoe Motion control shoe shoe fatigue Shoe*
Pre Post Pre Post fatigue

Copy  Frequency with power of 995% 25 13+3.43  24.71¥4.47 28.75:13.57 24.68x2.47 0202 0299 0.208
(0.076) (0.051) (0.075)

Medium frequency 2.31+0.53  2.28+0.45  231+0.33  2.32+0.36 0917 0820 0.761

(0.001) (0.003) (0.005)

Frequency bandwidth 1.19+0.43  1.18+057  1.18+0.28  1.12+0.18  0.690 0735 0.722

(0.008) (0.005) (0.006)

essential number of harmonics  16,51+2.33  16.16+1.88  17.04+2.03  16.62+1.72 0.387 0316 0911

(0.036) (0.048) (0.001)

W Control shoe Pre

O Control shoe Post
OMotion control shoe Pre
riMotion control shoe Post

Amplitude
o o o
4 (=23 oo

=
(]

————————————t
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Hurmonic number
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Figure 6. Amplitude versus harmonic number plot of the (Copy) ground reaction force.

In the Free moment frequency at 99.5% on the control shoes before muscle fatigue were greater than that
control shoes before muscle fatigue protocol (by 56%; P=0.00; medium effect size). Other frequency content
of free moment did not show any significant differences between four conditions (P>0.05; Table 6).
However, Amplitude of H11 (by 57%; P=0.04; medium effect size) on the motion control shoes after muscle
fatigue were greater than that motion control shoes before muscle fatigue protocol (Figure 7).
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Table 6. Mean and standard deviation of the frequency of the free moments, ground reaction force during in different
stance phases for four conditions are presented.

Direction Component Control shoe Motion control shoe shoe fatigue Shoe*
fatigue

Pre Post Pre Post

Free Frequency with power 0f 99.5%  19.71+3.32 22.46+0.18 15.01+3.64 16.09+3.50 0.117 0.000* 0.533
moment (0.113) (0.475) (0.019)
Medium frequency 1.82+0.24 2.12+1.17 1.77+0.27 1.78+0.28 0.253 0.210 0.291
(0.062) (0.074) (0.053)
Frequency bandwidth 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.000 1.000 1.000
(0.000) (0.000) (0.000)
essential number of harmonics ~ 20.99+4.46  22.26+5.82 22.77+4.05 21.31+3.97 0.912 0.725 0.109
(0.001) (0.006) (0.118)

m Control shoe Pre

0O Control shoe Post

o Motion control shoe Pre
[1Motion control shoe Post

—_
— [
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=
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Figure 7. Amplitude versus harmonic number plot of the free moments ground reaction force. * Significant difference
between the pre and post-fatigue conditions of the motion control shoes testing condition.

Discussion

Frequency spectrum ground reaction force components are used to evaluate the gait pattern. Differences in
neuronal and muscular systems interactions for running the subject can be found using available frequency
analysis [34]. Frequency analysis can evaluate the differences in existing frequencies [39]. Studies have
shown that the mean value of the frequency of the ground reaction force during the run at the peak is 12.81 +
1.60 Hz and the active peak is about 04.04 + 1.39 Hz [51]. However, no study has been done to investigate
the effect of motion control shoes on the variables the frequency response of ground reaction force during
running. Therefore, it is not possible to compare the results of this study with previous studies.
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Our findings showed that the frequency values with the power of 99.5% of the Center of pressure of ground
reaction force in the internal-external direction during shoe conditions were lower than the motion control
shoe before the fatigue, The variables that affect the impact forces during running are: speed of running,
contact surface, and area of the foot contact during the collision with the ground, the properties of the
materials used during running such as shoe, supporters Be [52]. Stergiou in his research found that the
amount the frequency response of ground reaction force in elderly the subject was significantly reduced
compared to young the subject [39]. Researchers have reported that this ground reaction force component in
walking and running analysis is an indicator of the balance and stability of the individual in the anterior-
posterior plate [45]. Therefore, the use of control shoes in comparison with the motion control shoe may
result in greater stability in the anterior-posterior plate.

Frequency values with a power of 99.5% of the Center of pressure of ground reaction force to anterior-
posterior direction during the motion control shoes conditions, after fatigue was greater than the same shoes
before fatigue. The frequency response of ground reaction force depends on all of the components of the
partner in the motion system, including bones, muscles, nerves, and other tissues whose interactive effects
make movement moves [34]. Therefore, according to the results of this study, it can be argued that the use of
shoe motion control conditions may after fatigue, muscle activity has decreased, as well as the stiffness of
the joints of the ankle and knee have decreased and, as a result of this decrease, increased shock absorption.
Increasing shock absorption leads to a reduction in impact force and because the frequency response of
ground reaction force is formed from the amplitudes of the different frequency components of the force-time
signal, and the higher the power component of this signal (force -time), the higher the frequency [51].

Also, the frequency values with the power of 99.5% of the free moment of ground reaction force during the
control shoes conditions, after fatigue was lower than the same shoes before fatigue. During the transitional
movements, when the body enters the ground, The frequency response of ground reaction force is likely to
exhibit some degree of performance of the oscillating component of the nervous-motion system [34, 38].
Muscles are one of the most important components of the nervous-motor system. One of the mechanisms to
increase the risk of injury in the lower limb during running, which will increase the loading force increasing
the hardness of the lower limbs, which reduces the absorption of shock [53, 54]. According to the research, it
was concluded that the level of running and other foot supporters can relate to the factors related to the
stiffness of the joints peak vertical ground reaction force and changes in the length of the step in the phase of
stance with the ground affects [55, 56].

Frequency values with a power of 99.5% of the vertical ground reaction force direction during the motion
control shoe conditions, after the fatigue is lower than the motion control shoes condition before fatigue.
Reducing the frequency of the vertical component ground reaction force shows lower swings in the
movements [57, 58]. Low oscillations can indicate the posture control sign more in a vertical direction.
However, increasing the frequency will increase the instability and slide in the pattern of movements [58].
Wurdeman in his research concluded that the frequency of MS patients was significantly reduced compared
with healthy subjects. This decrease could be due to the fact that MS patients to maintain balance, more
control and therefore, require a further reduction in frequency [38]. Therefore, a significant decrease in the
frequency values with a power of 99.5% in vertical direction may be due to the fact that the motion control
shoes, by affecting the muscle strength, have led to a decrease in the performance of oscillating components
of the nervous-motion system.

In the medium frequency of frequency content, there was no significant statistical difference in running with
any of the shoes and in any of the direction. This finding shows that in the medium frequency domain, there
is no difference in running with two types of shoe. In the McGrath study, the median frequency at the
frequency response of ground reaction force is lower in subject with peripheral arterial disease than in
healthy subject [34]. However, the use of different shoes did not change the frequency response of the
ground reaction force components; therefore, the motion control shoes have no particular advantage
compared to the control shoes in the frequency median.

Frequency content bandwidth was not found to be statistically significant in all four conditions and in all

three dimensions. These findings indicate that the frequency domain of the two types of shoes has not

changed, and this variable is independent of the material of the shoes. Frequency content bandwidth seems to
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be more affected by living tissue. However, increased fatigued muscle is associated with a decrease in
median frequency [59]. If the increase in bandwidth is related to the increase in motor units [59].

There were some limitations in our study that need to be considered when interpreting the findings.

1 Having a small sample size despite the normal distribution that may affect the results.

2. The lack of control of the stress caused by the subjects due to the condition of the test.

3. We only examined female novice runners with pronated feet, and so it is not possible for general male
novice runners to have a disability.

4. We used novice runners to measure themselves, and it's unclear whether the professional runners have the
same positive impact.

Conclusion

Motion control shoes can control the frequency with a power of 99.5% of in the vertical ground reaction
force in runners with pronated feet regardless of the state of leg muscle fatigue. However, a negative effect
of motion control shoes has been an increase in the frequency with a power of 99.5% of in the anterior-
posterior Center of pressure ground reaction force during running.
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