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SUMMARY 
In this human study, the effect of the slope changes in   
moving surfaces on four muscle fatigue cases of lower 
limbs was investigated using surface electromyography. 
Zero, 10 and 20 degree slopes of a treadmill with a fixed 
speed of 5 km/h were used. Seven mature men were 
selected. Each man walked on the treadmill at each slope 
for five minutes. Then, muscle signals were recorded 
before and after walking on treadmill by surface 
electromyography. The time span between the tests for 
each person on the different slopes of the treadmill was 48 
hours. It was revealed that the fatigue rate of muscles, at 
zero degrees slope, was not significantly different 
(P>0.05). But, at 10 degrees slope, the fatigue rate of 
Tibialis and others was significantly different (P<0.05) and 
increased. Also, at 20 degrees slope, between fatigue rate 
of Quadriceps and others was significantly different 
(P<0.05) and increased as well. It is concluded that slope 
changes in motion surfaces can increase the anterior 
muscles fatigue in lower limbs.  
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INTRODUCTION 
Muscle activity has potentially important effects on muscle 
fatigue. The results of human studies, suggest that after 
continuous contractions of less than ultimate limit in 
Quadriceps, the forces generated by electrical stimulation 
in low frequencies decreased. It was determined to be 
fatigue with low frequency [1]. The effects of excessive 
practice on electromyography signal, indicated an average 
fatigue rate of 8.6% and it was not significantly different 
in EMG amplitude and the average of power frequency 
significantly decreased at more than 30 seconds range [2]. 
The increase of muscle fatigue shifts the spectral model to 
low frequency [3]. Thus far, the effect of slope changes of 
motion surfaces on muscle fatigue of lower limbs is not 
clear. Therefore, the results of the effect of muscle activity 
in cases reported in the literature regarding muscle fatigue 
may not be directly applicable to slope changes of motion 
surfaces. In this study, we investigated the effect of 
different slopes of motion surface on the muscle fatigue of 
lower limbs. 
 
METHODS 
Seven mature men, aged between 20 to 23 years, with 
heights of 170-180 cms and weighing 65-75 kgs were 

chosen. In this study, selected muscles were Tibialis, 
Gastrocnemius, Quadriceps and Hamstring. The same 
athletic shoes for tests were used for all men [4, 5]. Thus, 
two surface leads were used for each connection so as the 
distance between metal ports of leads was 2 cm. Before the 
tests, the ventricular location of each muscle was matched 
to the anatomical surface for each man. Then, the desired 
parts of ventricular muscles were completely shaved and 
cleaned by alcohol. Before and after the tests, the weight, 
height, blood pressure and body temperature of all men 
was recorded. It was emphasized that the men should not 
do any sport activity before the tests. Also, before starting 
the test, each man was seated on a chair to relax for five 
minutes. A standard wireless EMG system (Bluemyo, 
Germany) was used to record signals. EMG system's 
specifications were set to 8 input channels, input signal 
rate of ±5 V, channel amplification of 0.4-150 v/v, 
sampling frequency of 1000 Hz per channel and wireless 
interface of Bluetooth class II. After the treadmill speed 
was fixed on 5 km/h ,and the leads were connected to 
EMG, the first, each man was walked four steps and was 
kept in motionless position on the ground. Thus, muscle 
signals were recorded and saved. These signals were 
known as primary signals to muscles in rest position 
without fatigue. Then, each man was started walking on 
the treadmill at zero degrees slope for five minutes. 
Immediately after that, the person was walked four steps 
and was kept still on the ground. Thus, muscle signals 
were recorded and saved. The same trend for each person 
at 10 and 20 degrees slopes were repeated. The time lag 
between the tests for each person on different slopes of 
treadmill was 48 hours. The resulting signals with 1000 Hz 
frequency were recorded and seventy Butterworth filter 
was used for removing noise from the signals. In this 
research, the mean frequency was used to display muscle 
fatigue [6]. The mean value and standard deviation of 
measured mean frequency were computed in each slope. 
Paired T-test was performed to compare the means of the 
outcomes in rest and stress position (SPSS, Ver. 13).  
 
RESULTS AND DISCUSSION 
The results showed that the anterior muscles were fatigued 
compared with the posterior muscles of lower limb. 
Statistical analysis on the mean of mean frequency in 
Gastrocnemius and Hamstring showed that, before and 
after walking on treadmill were not statistically different at 
different slopes (P>0.05). However, the difference 



between before and after walking treadmill in Quadriceps 
at zero and 10 degrees slopes were not significant 
(P>0.05), but, at 20 degrees slope, it was significant and 
decreased (P<0.05). However, no significant difference 
was found between before and after walking on treadmill 
in Tibialis at zero and 20 degree slopes (P>0.05), but, at 10 
degrees slope it was significant and decreased (P<0.05). 
The data are presented in figure. The positive effect of 
slope on the rate of fatigue in lower limb muscles at 
motion on treadmill is shown. This was concluded based 
on the results from an experimental study on human 
subject. The effect of motion on muscles fatigue has long 
been under investigation. Motion and exercise cause muscle 

fatigue through different ways such as the summation of 
Lactate and decreasing blood oxygen rate [7]. 
In EMG studies, muscles fatigue is shown by the mean 
frequency of recorded signals [8]. However, in these 
researches, the relation between the slope of motion 
surface and muscle fatigue was not shown. In this study, 
the results revealed that, the mean of mean frequency 
decrease in anterior muscles of lower limbs by increasing 
the slope. But, the outcome decrease in Quadriceps at 20 
degrees slope and in Tibialis at 10 degrees slope and there 

is a  rise to significant differences between before and after 
walking on treadmill. Thus, we may conclude that slope 
increases, increase fatigue rates in anterior muscles of 
lower limbs. This may indicate that, at 10 degrees slope, 
Tibialis does much more contraction, to do heel strike of 
the stance phase. Also, at 20 degrees slope, the person 
bends his trunk forward for balance. So, it changes body 
center of gravity site and it causes a change in the path of 
force transmission from lower limb. At this time, 
Quadriceps endures much more pressure. Thus, it causes 
Quadriceps fatigue. The results of this study revealed a 
considerable effect of different slopes on muscle fatigue by 
surface electromyography on human model. Similar 
positive effects have been reported in the literature at 
different positions. The results from a study on males 
muscle fatigue in middle-distance running showed the 
fatigue measured by EMG, at maximal effort both pre and 
post time trial is more related to sprint performance than 
endurance performance [9]. Furthermore, ITO Akihiko et 
al showed to increase muscle fatigue in lower limb during 
the running by electromyography and suggested relation 
between running figure and muscles fatigue [10]. 
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Figure: Mean and Standard deviation of mean frequency in before and after walking on treadmill at zero, 10 and 20 degree 

slopes in Tibialis, Gastrocnemius, Quadriceps and Hamstring muscles 
 

CONCLUSION 
The effect of slope of surface on the lower limb muscle 
fatigue in human model was studied. It was found that 
slope changes can enhance fatigue rates in anterior 
muscles of lower limb and also, surface electromyography 
can record it. 
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