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Research Paper: Comparing the Effects of Fatigue 
Caused by the Treadmill and Overground Running 
on the Pattern of Plantar Pressure Distribution

Purpose: This study aimed to compare the effects of fatigue due to overground and treadmill 
running on the plantar pressure distribution pattern. 

Methods: Twelve novice athletes (Mean±SD age=26.0±2.5 y, Mean±SD weight: 52.0±3.0 
kg, Mean±SD height: 159.0±5.0 cm), without sports injuries over the past year, were selected. 
Overground and treadmill running created fatigue in the samples. Peak plantar pressure 
distribution, Center of Pressure, contact area, and impulse the samples were recorded using 
a footscan (Footscan Version 7 Gait 2nd generation software) pressure system during running 
before and after the fatigue protocol and analyzed with repeated measures ANOVA in SPSS v. 
18. 

Results: Peak plantar pressure on the second to fifth toe , the fourth and fifth metatarsal bones, 
and medial part of the heel significantly increased. The shift in the Center of Pressure of the foot 
was non-significant in all stages. The contact area at the second metatarsal and midfoot area 
shifted only before the fatigue protocol on overground running. Impulse at the second to fifth toe, 
first to fifth metatarsal, significantly increased in the ground running. 

Conclusion: The results showed that fatigue due to treadmill running has different effects 
compared to fatigue due to overground running.
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1. Introduction

he current study aimed at analyzing plan-
tar pressure subsequent to the running 
over two different surfaces (treadmill ver-
sus overground) before and after fatigue. 
Running is one of the most popular sport 
activities. However, nobody knows for 

sure that treadmill running can replicate overground run-
ning conditions. 

This is an important area of investigation for training 
and research, and scientific studies have controversies 
over this matter. Some scientific investigations have 
shown that in running on a treadmill, stride length and 
flight phase decreases, but cadence increases using a 
moderate tempo of 3.3 to 4.8 m/s compared to over-
ground running. Yet other investigations have shown 
similarities between the treadmill and overground run-
ning as regards kinematic factors such as the angle of hip 
adduction, internal/external rotation of the hip, eversion 
of the ankle, and maximum rotation of the pelvis [1-4].

Sports injuries are a serious problem for both recre-
ational and competitive sports. Predicting risk factors for 
sports injuries is essential. A useful assessment of poten-
tial risk for running is the load on the plantar areas of the 
body when using different substrates [5, 6]. Overuse and 
repeated loading on these areas can cause lower extrem-
ity injuries. Yet no study has compared load distributions 

on the plantar areas when using a treadmill versus over-
ground running. Such comparative information could as-
sist in predicting sports injury risk factors. [7, 8].

Over the last 30 years, distance running has become 
a popular activity partly because everyone can do it 
without special equipment. As a result, the prevalence 
of lower extremity injuries due to running has increased 
[9]. These injuries occur due to overuse or repeated 
micro trauma to muscles, tendons, and bones and sub-
maximal loading on these body parts. However, there 
are many causes of running injuries. Some causes are 
already discovered, but some are still unknown [10-12].

Nowadays using treadmills is increasingly popular, so 
researchers are interested in comparing the biomechani-
cal characteristics between treadmill and overground 
running. As mentioned above, studies have not resolved 
the question of whether the mechanics of running on a 
treadmill can replicate those of overground running [1, 
3]. So far, studies have investigated issues such as the 
kinematic adaptations and kinetics of running, as well 
as neuromuscular adaptations and differences in the ac-
tivities of various muscles under different substrates in 
running [3, 4, 13-15].

Studies indicate that a number of factors be considered 
when investigating treadmill versus overground running. 
Such factors may include stride frequency; contact time; 
kinematics of hip, knee, and ankle; activities of specific 

T

Highlights 

● There is a question of whether overground running differs from running on a treadmill.

● Twelve novice athletes were selected to compare the effect of running in these two types of the running surface. 

● Their peak plantar pressure distribution, the center of pressure, contact area and impulse were recorded with re-
peated measures using a footscan.

● The results showed that fatigue due to treadmill running has different effects compared to fatigue due to overground running.

Plain Language Summary 

Sports injuries are a serious problem in both recreational and competitive sports, so predicting risk factors for sports 
injuries is essential. The goal of this current study was an analysis of plantar pressures after using two different surfaces 
(treadmill versus overground) in two different tested conditions (before and after the fatigue). The study participants 
took six series of tests as pretests. The time between the treadmill test and the overground test was 7 days. Immediately 
after the fatigue protocol, 6 correct test series of proper running as posttests were taken. The results showed that fatigue 
due to treadmill running has different effects compared to fatigue due to overground running.
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muscles; the amount of energy consumed; pressures in 
the plantar areas; and shock reduction [2-4, 13, 16-19]. 
Moreover, these factors can be influenced by other ele-
ments in the running environment. How familiar the run-
ner is to running on treadmills, variations in the speed of 
the treadmill between strides, air resistance, and efforts 
of the runner to establish a safe stable running position on 
the treadmill can all affect treadmill and overground run-
ning comparisons. Another important factor is running 
speed that produces biomechanical differences between 
running on different surfaces at certain speeds (for ex-
ample, 3 to 5 m/s, but not 6 m/s). It also increases the dif-
ferences proportional to increase in speed [2,18]. Thus, 
further studies are needed to consider different running 
speeds as an important factor in the measurement of bio-
mechanical changes when running on a treadmill versus 
overground [20, 21].

An even more important factor is the effect of fatigue 
on the biomechanics of running. Such effects may start 
by a change in the angle of the runner’s foot with the 
running substrate, then a change in the distribution of 
pressure at the plantar area, followed by a change in the 
reaction forces, or a change in the pattern of muscular ac-
tivity and neuromuscular control depending on the run-
ning surface [13]. Plantar pressure is routinely used for 
the measurement and analysis of running on a treadmill 
or overground surface for the prevention of injury, in-
creasing athletic performance, and designing new sports 
materials. Also, it can be easily used to analyze the effect 
of fatigue in running [6].

Running is one of the basic skills in most sports. Many 
researchers in different sports are interested in its bio-
mechanical parameters so that many studies have so far 

examined the factors affecting the biomechanical param-
eters of running. According to the researchers, there are 
still many unknown factors influencing the biomechan-
ics of running [21]. Previous studies have reported that 
running on different surfaces causes various biomechan-
ical adjustments, and that is why the running surface is 
one of the fundamental aspects considered in running 
analyses [2]. 

Today, people use treadmill device more than ever and 
it has become a popular device. In investigational areas, 
the treadmill as a research tool has also become more 
popular [2, 4, 22] because of its many methodological 
advantages such as low space requirements, high repro-
ducibility, control over weather conditions, speed, slope, 
and so on for researchers [2, 4, 22]. However, the re-
sults of studies on the treadmill are controversial, and 
questions arise whether fatigue caused by running on the 
treadmill or on the ground has different effects on the 
distribution of plantar pressure in running.

2. Materials and Methods

The study sample comprised 12 beginner volunteer 
sportswomen, aged 26 to 29 years. Their demographic 
information was as follows: Mean±SD age of 26.0±2.5 
years, Mean±SD weight of 52.0±3.0 kg, and Mean±SD 
height of 159.0±5.0 cm. The study subjects were se-
lected from female students of Bu-Ali Sina University in 
Hamedan City, Iran. P<0.05 were considered significant. 
This research wad quasi-experimental design. We ap-
plied the controllable restrictions, including age, gender, 
and familiarity with the methods. However, due to the 
nature of the study, controlling all the factors influenc-
ing variables was not possible, but all possible efforts 

Figure 1. Determine the arch of the foot
Left picture represents calculation of foot arch index. Right picture (A) represents pressure on the sole of the foot; (B) represents 
10 anatomical areas of the foot.
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were made to reduce variations and provide the same 
conditions for all participants after being informed of 
the research procedure, the subjects presented written 
informed consent to participate in tests.

The participants did not show any abnormalities (as-
sessment by New York test) or lower extremity muscu-
loskeletal injury or disease for the past year. These data 
were self-reported. We used the New York test and pos-
ture screen to evaluate the physical conditions of the 
participants [15]. A digital scale of BS 100 (Sahand 
Company, Iran) was used to measure height and weight 
of the subjects; the accuracy of the scale was 0.1 kg and 
that of the height 1 cm.

Because of the pressure on the foot and its contact with 
the ground (back, middle, front of the foot), regardless of 
the toes, the foot Arch Index (AI) was calculated. Based 
on the foot arch index, there are three general classifica-
tions for foot structure (Figure 1).

Foot ring: AI≥21% 

Foot with a normal arch: 28%≥AI≥21%

Flat foot: 28% AI≥21%

AB/AI=A+B+C

We used the footscan® advanced, hi-end system, and 
Gait software (2009) (made in Belgium) to measure the 
direction of the Center of Pressure (COP). The obtained 
information from this system includes various contact 
areas of the foot, maximum pressure on the foot, im-
pulse, loading rate, and COP. It can be used to display 
the COPx (the rate changes in pressure center) moment 
by moment and change of plantar pressure.

The training protocol

This study was carried out in Bu-Ali Sina University of 
Hamedan, Sports Biomechanics Lab at the same time of 
the day for two tests. To register the rate changes in Cen-
ter of Pressure (COPx), a footscan device of 1068 mm 
length, 418 mm width, and 8192 sensors with a sampling 
frequency of 500 Hz, and a treadmill made in China (Po-
lar Model) were used. A 30 m long running track was 
determined, and the footscan device was located within 
20 m of the track longitudinally.

In order to become familiar with the technique, the sub-
jects were asked to run at normal speed for 2 to 3 min on 
the device so that the foot can make contact with the de-
vice properly when the main test with the device was run 

for the right foot (heel-toe). The participants had to run 
30 m barefoot at the desired speed and pass the device 
so that one leg (the subject’s leg contact with the screen 
in the pre-test and post-test) came into contact with the 
footscan device. Six correct and acceptable tests of run-
ning on the treadmill/overground pre-test and post-test 
were collected from each subject. If the foot did not hit 
the screen, the test would be rejected.

The participants were asked to do a warm-up activity 
for 15 minutes before exercise on both surfaces. Before 
the test, the subjects were asked to run on heel-toe. Six 
series of correct tests as pre-tests were collected. Then, 
the subjects ran on a treadmill with a 0-degree slope for 
about 30 minutes at a speed of 3-4 m/s. Every 5 minutes, 
the fatigue of the subjects was investigated by the Borg 
scale. Immediately after the treadmill test, 6 test series 
of running were performed as the post-test (heel-toe). 
Running time was 3 to 4 seconds on footscan. The time 
between the treadmill test and the overground test was 7 
days. The subjects ran on the ground about 30 minutes 
at a speed of 3-4 m/s, and immediately after the fatigue 
protocol, 6 correct test series of proper running as post-
test (heel-toe) were performed. Each participant used the 
same shoes for both tests.

The Shapiro-Wilk test was used for normally distrib-
uted data. To analyze the obtained data, the repeated 
measures ANOVA was performed to determine the dif-
ferences before and after the fatigue by setting α≤ 0.05. 
For a comparison of the conditions before and after fa-
tigue in treadmill running and overground running, we 
used the Bonferroni test in SPSS v. 18.

3. Results

The Research hypothesis based on the pattern of dis-
tribution of plantar pressure caused by fatigue was 
confirmed running on the treadmill and the ground. The 
results showed that plantar pressure distribution were 
significantly different between running on a treadmill 
and on the ground (G×T) in the fourth and fifth toes 
of the foot (P=0.012), the fourth metatarsal (P=0.004), 
the fifth metatarsal (P=0.004), and the inside of the heel 
(P=0.008). The plantar pressure distribution pattern of 
running on the ground was significantly different prior to 
fatigue and after fatigue in the fourth and fifth toes of the 
foot (P=0.007), the first metatarsal bone (P=0.006), the 
fourth metatarsal area (P=0.007), and the midfoot bot-
tom (P=0.001) (Table 1).

The Research hypothesis based on the pattern of COP 
caused by fatigue was not confirmed running on the 
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treadmill and the ground. To test this hypothesis, ac-
cording to the footscan results and previous research, 
the running support phase was divided into three phases: 
the foot kick, the mid-phase of support, and the prog-
ress phase. The pattern of change in plantar pressure of 
running prior to fatigue and after fatigue on the ground 
and treadmill was not significantly different in any of the 
above phases (Table 2).

The Research hypothesis based on the pattern of con-
tact percentage of different areas of the foot (contact 
areas) caused by fatigue was confirmed running on 
the treadmill and the ground. The results showed that 
the percentage of different foot contact areas with the 
ground was not significantly different between running 
on a treadmill and running on the ground (G×T) and be-
fore fatigue to after fatigue in the various parts of the 
foot. However, in the midfoot area, the difference was 

significant (P=0.006) just before the fatigue compared 
to after fatigue on the ground running (Pre×G) (Table 3).

The Research hypothesis based on the pattern of foot 
impulse caused by fatigue was confirmed running on the 
treadmill and the ground. The results showed a signifi-
cant difference between running on a treadmill and on 
the ground (G×T) regarding the total pressure pattern 
for a specific area of the runner’s foot sole. These ar-
eas include the fourth and the fifth toes (P=0.005), the 
first metatarsal area (P=0.009), the second metatarsal 
area (P=0.003), the third metatarsal area (P=0.024), the 
fourth metatarsal area (P=0.002) and the fifth metatarsal 
(P=0.002). 

The pattern of total pressure for a specific area of the foot 
sole of the runner on the ground before fatigue was signif-
icantly different from after fatigue total pressure. These 
areas include the fourth and the fifth toes (P=0.004), 

Table 2. The Mean±SD of changes in the Center of foot Pressure (COP) in 10 areas of the foot (Meta stands for metatarsal area)

COP Pre-Fatigue
Post-Fatigue P

Treadmill (TR) Overground (GR) Pre×GR Pre×TR GR×TR

Contact -4.96±6.96 -7.04±6.75  -5±6.82 1.00 0.91 0.86

Midstance  -3.13±4.90  -3.80±5.04 -4.07±5.44 0.85 1.00 1.00

Propulsion  5.72±7.36  5.33±5.46  3.46±5.25 0.35 1.00 0.17

Table 1. The Mean±SD of plantar pressure in N/m2 in 10 areas of the foot (Meta stands for metatarsal area)

Peak Plantar 
Pressure Pre-Fatigue

Post-Fatigue P

Treadmill (TR) Overground (GR) Pre×GR Pre×TR GR×TR

Toe 1 8.41±2.22 8.81±2.43  8.54±1.40 1.00 1.00 1.00

Toe 2-5 2.80±0.84 2.69±0.85  2.86±1.13 0.007* 1.00 0.012*

Meta 1 7.26±2.58  7.61±1.5 9.41±2.33 0.006* 1.00 0.03**

Meta 2  9.82±2.15 10.37±2.03  12.54±3.40 0.05** 0.56 0.13

Meta 3  10.06±2.77  10.21±2.32  12.09±3.44 0.1 1.00 0.2

Meta 4  7.35±2.11 6.82±1.61 10.01±2.80 0.007* 0.68 0.004*

Meta 5  4.13±1.48 3.59±1.11 5.57±1.93 0.01* 0.44 0.004*

Midfoot  3.64±1.10  3.45±1.19  6.01±1.42 0.001* 1.00 0

Heel medial side 13.12±3.35  12.01±3.42 14.54±3.79 0.48 0.25 0.008*

Heel lateral side 11.87±2.86  11.15±3.34  14.1±3.30 0.04** 0.9 0.02** 

* P≤0.01; ** P≤0.05

Pakbaz Sh, et al. Comparing the Effects of Fatigue Caused by the Treadmill and Overground Running on the Pattern of Plantar Pressure Distribution. PTJ. 2018; 8(3):169-178.



174

 October 2018. Volume 8. Number 3

the first metatarsal area (P=0.001), the third metatarsal 
area (P=0.004), the fourth metatarsal (P=0.002), the fifth 
metatarsal (P=0.006), and the midfoot area (P=0.001). 
The pattern of total pressure for a specific area of the sole 
of the runner’s foot on a treadmill before fatigue was sig-
nificantly different from after fatigue only in the second 
metatarsal area (P=0.024) (Table 4).

4. Discussion 

There is a debate on whether fatigue due to running 
on the treadmill or on the ground has different effects 
on the distribution of plantar pressure. The results show 
that fatigue caused by running on the ground and on 
the treadmill has different effects on the distribution 
of plantar pressure in running. One of the main study 

Table 3. Mean±SD of the contact percentage of different areas of the foot (contact areas) in 10 plantar areas (Meta stands 
for metatarsal area)

Contact Areas Pre-Fatigue
Post-Fatigue P

Treadmill (TR) Overground (GR) Pre×GR Pre×TR GR×TR

Toe 1 13.77±2.02  13.59±2.35 13.91±2.60 1.00 1.00 0.94

Toes 2-5 16.13±1.53  16.36±1.79 17.09±2.22 0.47 1.00 0.46

Meta 1 11.48±1.95  11.39±1.59 10.98±1.75 0.74 1.00 0.30

Meta 2 9.96±1.25  10.28±1.28 10.83±1.57 0.06 0.46 0.14

Meta 3 8.58±0.97  8.61±0.97 9.12±1.13 0.33 1.00 0.05*

Meta 4 8.83±0.94  8.94±0.93 9.58±0.67 0.03* 1.00 0.01**

Meta 5 9.02±2.2 9.37±1.90 9.87±1.53 0.12 0.96 0.35

Midfoot 31.03±7.25 31.95±8.61 33.86±7.93 0.006** 0.36 0.04*

Heel medial side  14.60±1.43 14.12±1.47 14.32±1.40 1.00 0.15 1.00

Heel lateral side  12.93±1.13  12.55±1.17 12.87±1.41 1.00 0.21 1.00

*P≤0.05; **P≤0.01

Table 4. Mean±SD of the total pressure, in a special area under the foot impulse (Meta stands for metatarsal area)

Impulse Pre-Fatigue
Post-Fatigue P

Treadmill (TR)  Overground (GR) Pre×GR Pre×TR GR×TR

Toe 1 0.98±0.35 1.07±0.33  1.08±0.13 1.00 1.00 1.00

Toes 2-5 0.36±0.1  0.36±0.1 0.05±0.14 0.004* 1.00 0.005*

Meta1  0.78±0.33  0.87±0.24 1.13±0.3 0.001*  0.49 0.009*

Meta 2 1.07±0.28  1.2±0.31  1.6±0.52 0 0.024** 0.003*

Meta 3  1.09±0.36  1.15±0.34 1.53±0.55 0.004* 0.38 0.024**

Meta 4 0.77±0.31  0.73±0.22 1.19±0.45 0.002* 1.00 0.002*

Meta 5 0.4±0.17  0.35±0.12 0.6±0.25 0.006* 0.69 0.002*

Midfoot 0.29±0.13  0.29±0.12 0.51±0.16 0.001* 1.00 0

Heel medial side 0.8±0.29  0.83±0.35 0.99±0.35 0.29 1.00 0.26

Heel lateral side 0.63±0.21 0.62±0.26  0.73±0.26 0.46 1.00 0.06

* P≤0.01; ** P≤0.05

Pakbaz Sh, et al. Comparing the Effects of Fatigue Caused by the Treadmill and Overground Running on the Pattern of Plantar Pressure Distribution. PTJ. 2018; 8(3):169-178.



175

 October 2018. Volume 8. Number 3

limitations was that we neither know the level of moti-
vation of each participant nor differences in each par-
ticipant’s fatigue level.

Because of extensive laboratory studies on the tread-
mill and using the results to evaluate the effects of fa-
tigue, it seems that issues raised in the study have a 
prominent role in generalizing the findings of other 
studies. Many studies have shown that the speed of 
the treadmill belt decreases by about 5% during the 
heel strike phase. This could be the result of the verti-
cal force exerted on the treadmill. Hong et al. reported 
that compared to running on the ground, running on a 
treadmill is associated with a significant reduction in 
the maximum force on the foot and the distribution of 
loads on different areas of the foot [1].

They suggested that perhaps one of the potential rea-
sons for this increase is the rise in the speed of the tread-
mill belt at the end of the stance phase. Vertical force re-
duction is likely associated with an increase in the speed 
of the treadmill belt at the end of the stance phase. In 
this case, the energy is transferred to the runner from the 
belt. In addition, in running on a treadmill, the runner can 
reach the speed of running on the ground with a lower 
driving force, and this would reduce the load on the feet 
in running on the treadmill.

Many studies have shown that fatigue changes in the 
pattern of pressure and force on the foot and its different 
areas by changing the mechanics of running. Nagel et al. 
(2008) showed that fatigue caused by long-distance run-
ning would change the distribution of plantar pressure 
for runners [14]. The results showed that the maximum 
amount of pressure and impulse on the runners’ metatar-
sal areas would increase and in the area of the toes would 
reduce. Those results are very consistent with the results 
of this study. These results also reflect the transfer of load 
from the toes to the metatarsals that makes the area prone 
to damage from fatigue and stress fracture.

Alfuth and Rosenbaum et al. showed that after fatigue 
caused by running 10 km on a treadmill, the load on the 
heels would reduce. According to them, this is caused 
by changes in the mechanics of running. To explain this, 
fatigue and modified control of the back calf muscles 
are mentioned to be the causes of the change [23]. This 
result contrasts with the results of the present study. Per-
haps one of the reasons for this conflict is the fatigue 
protocol used in the study with different subjects having 
different fitness levels.

There are other findings showing a significant differ-
ence in plantar pressure distribution in a state of fatigue 
caused by running on the treadmill or overground. In fa-
tigue from running on the ground, the plantar pressure 
on the areas of the second to fifth toes; the first, fourth, 
and fifth metatarsals; the middle of the foot; and the in-
ner part of the heel were significantly greater than those 
pressures in running on a treadmill.

Garcia-Perez et al. studied the effects of fatigue from 
running on a treadmill and on the ground. The results 
showed that after fatigue caused by running on a tread-
mill the overall pressure on the foot areas would reduce 
compared to the fatigue of running on the ground. The 
decline in the pressure in the heel area, great toe, and 
internal metatarsals was significant [24].

The results of this study in the areas of the first metatar-
sal and heel were consistent with the results of the pres-
ent study, but in the areas of the great toe, the second to 
the fifth toe, the middle of the foot, and the outer part 
of the foot, they are not similar. The inconsistency may 
be due to different equipment utilized to measure plantar 
pressure in that in the present study plantar pressure was 
measured on barefoot using a footscan screen. However, 
in Garcia-Perez et al. study, the measurement was car-
ried out on the insole of the shoes worn.

The results showed that none of the fatigue conditions 
had an effect on changing the plantar pressure center. 
These results indicate no change in foot movement in the 
frontal plane while running. In comparison with previ-
ous studies, no studies investigated the effects of fatigue 
in running on the Center of Pressure. This study is the 
first research to focus on this issue. However, Hajilo et 
al. showed that local fatigue was caused by the extension 
of the leg due to the changes in the heading of the pres-
sure center while walking [7].

The results showed that during the contact phase, 
the pressure center significantly moved outward and 
inward in the heading phase. The results of the study 
were not consistent with those of our study. Perhaps 
the reason for this discrepancy is the different protocols 
of fatigue and the variety of tasks performed when the 
pressure is recorded.

In their study on the kinematic parameters of fa-
tigue caused by running on a treadmill, Koblbauer et 
al. showed that after fatigue (caused by running on a 
treadmill), the inversion-eversion and supination-pro-
nation did not change, and the pattern was the same as 
before-fatigue conditions [17]. Christina et al. (2001) 
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in their study also showed that the leg eversion of the 
ground exercise-induced fatigue did not change [25]. 
Dierks et al. showed that the fatigue of running on the 
treadmill would increase the maximum angle eversion 
of the back foot [26].

Because the course of pressure center reflects supina-
tion and pronation patterns, and fatigue in this compo-
nent does not have any effect in each case, the results of 
this study do not match the results of Dierks et al. [26]. 
The reasons for this disparity might be related to the con-
trol of running speed. In Dierks et al. study, the runners 
chose their running speed. Pronation and supination, 
however, are the movements performed in three different 
planes with different activities, and maximum pronation 
or supination can be obtained only by measuring inver-
sion or eversion of the back part of the leg [26]. There-
fore, fatigue has no effect on pronation or supination of 
the foot. This study is a functional study to examine the 
effect of fatigue caused by running on the course of pres-
sure center and shows that fatigue has no effect on this 
component in running.

These results are consistent with the results of our 
study. The fatigue generated in this study causes chang-
es in the displacement of the pressure center, and the 
changes from fatigue in both situations are the same. 
The results showed that the fatigue caused by running 
overground would increase the contact areas of the 
fourth metatarsal and midfoot. However, the fatigue 
caused by running on a treadmill has no effect on dif-
ferent contact area locations.

Fourchet et al. showed that the total contact area of 
the foot would increase after fatigue due to increase in 
the contact area of the midfoot [27]. Nagel et al. in their 
study on 200 subjects participating in a marathon race 
investigated the parameters of plantar pressure measure-
ments. They reported that after the marathon the contact 
surface of the foot would increase [14]. The medial lon-
gitudinal arch has a flexible structure and if it changes 
about 10 mm in length, it will become completely flat. 
Also, its length changes 4 mm in the stance phase. This 
structure plays an important role in the reaction force 
transfer between the ground, foot, and body. It has been 
shown that the Navicular bone is into decline after fa-
tigue and arch height is lower.

The reduction in the height of the medial longitudinal 
arch may be associated with a greater surface area of the 
area under the medial longitudinal arch that increases 
midfoot contact. A further finding of this study is the 
increased contact surface area of the fourth metatarsal 

in after-fatigue condition, which is justified according 
to previous studies indicating greater contact area of the 
foot after fatigue. Based on our results, the fatigue after 
running on the treadmill has no effect on different parts 
of the foot contact surface, and this effect was different 
from the one caused by fatigue after running overground.

Wu et al. studied the effects of fatigue after treadmill 
running on EMG and plantar pressure. Their results 
showed that after generating fatigue by running on a 
treadmill, foot surface areas are not subject to change in 
running post-fatigue [28]. Alfuth and Rosenbaum also 
showed that the fatigue caused by running on a treadmill 
had no effect on different parts of the foot contact sur-
faces [23]. These results are consistent with the results of 
this study and reflect the impact of fatigue after treadmill 
running on different areas of the foot contact areas [29].

The results showed that the impulse applied to the sec-
ond and fifth toe areas, the first to fifth metatarsals, and 
the midfoot after fatigue caused by running overground 
increased significantly, and the situation in other areas 
had not changed. The fatigue after running on a tread-
mill only increases impulses on the second metatarsal, 
and there is no significant effect in other areas. Due to 
the increasing impulse on the smaller toes and metatarsal 
area, the fatigue of running on a treadmill has increased 
forefoot loading.

Previous studies have shown that fatigue increases 
forefoot and metatarsal loading. Toe flexor fatigue, by 
reducing the functional capacity of the muscle, causes 
load transmission and impulse to the metatarsal. The 
Weist et al. study showed that fatigue increased the im-
pulse applied to all parts of the foot, except for the small 
toes [30]. These results with respect to the metatarsal 
area are consistent with the findings of our study but in-
consistent with regard to the area of small toes and heel 
area, and perhaps this is because of different measuring 
means of the load on the foot areas. In our study, the 
footscan device was used on barefoot, but in Weist et 
al. study, the measurement system was used with shoes. 
The results show that the fatigue caused by running on 
a treadmill increases the impulse applied to the second 
metatarsal area.

This may be due to toe flexor muscle fatigue and a de-
fect to control the movements of the toes and the load 
distribution exerted on this area. The results of this study 
showed that the fatigue caused by running on a treadmill 
and on the ground had different effects on the foot im-
pulse of the study runners.
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Regarding the results of this paper, running on different 
surfaces, in repeated steps and continuous running pro-
duce different reactions, and the repetition of reactions 
causes different behaviors at the end of the protocol. As it 
was observed in this study, fatigue caused by two different 
running surfaces had different effects that could be due to 
different responses to various contact surfaces. Caeken-
berghe et al. reported that adaptation to different running 
surfaces would occur under different circumstances, and 
people reacted differently at every level. 

The results show that fatigue caused by on the ground 
or on the treadmill running has different effects on the 
distribution of plantar pressure. In general, plantar pres-
sure distribution in the after-fatigue condition of running 
on the ground was greater than that in the after-fatigue 
caused by running on the treadmill. Biomechanically, 
there are differences between running on a treadmill and 
running on the ground. Different running surfaces (on 
the ground and on the treadmill) create different effects 
in terms of fatigue.
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