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Abstract: Fatigue during plantar flexion and the gastrocnemius muscles causes an increase in mediolateral 

sway and postural control impairment. The purpose of this study is to analyze the variation in the surface 

electromyography (sEMG) characteristics during isometric plantar flexion. For this, sEMG signals are 

recorded from the medial and lateral gastrocnemius muscle from 8 subjects and a minimum of 3 trials each, 

leading to a total of 25 trials per leg. The subjects performed isometric plantar flexion and are asked to hold 

the position until fatigue. The result shows that the endurance time of each subject vary. On comparing the 

endurance between legs, a marginal difference is observed. The recorded signal is nonstationary in nature. 

On visual inspection, the signals show an increase in amplitude with fatigue. The features such as RMS show 

an increase in value with 20.31% in right leg and 13.93% in the left leg for the signals from medial and 

lateral gastrocnemius. The proposed muscle fatigue index is a co-contraction based feature and provides 

better separation between non-fatigue and fatigue. The P-values obtained indicate that the proposed 

feature performs better than the conventional RMS value with a significance level of P<0.01. This study can 

be extended to analyze other neuromuscular conditions. 
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1. Introduction 

Fatigue in the muscles occurs when the cell lacks the energy to continue its activation [1]. Muscle fatigue 

can be defined as the inability to provide a certain amount of force required to complete a task [2]. Fatigue 

can also occur due to Parkinson’s disease, endocrine disturbances, carcinoma, malnutrition, and 

immobilization [3].  

In neuromuscular diseases, electrical simulation can often occur in muscle fibers, causing fatigue without 

any significant activity [4]. The analysis and study of fatigue is crucial to the understanding of the human 

body because fatigue in one location can cause affects in other parts of the body [5]. 

In the analysis of fatigue, many approaches have come about in the recent years. Isometric strength tests, 

exercise endurance test, muscle biopsy, muscle imaging, and surface electromyography (sEMG) are common 

methods [3]. 

In this study sEMG is used to analyze muscle fatigue. sEMG represents the electrical signals that results 
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from contraction from muscles [6]. These contain information regarding the motor unit action potential 

trains that come from the motor units in the muscle [7].   

There are multiple factors in which sEMG signals vary between non-fatigue and fatigue conditions [8]. 

The properties signals change because the nerves decrease the firing of the high-frequency motor unit 

action potentials [9]. They also change in amplitude of the signal due to chemical imbalances caused by the 

loss of energy in the muscle cells [6].  

The gastrocnemius is a crucial muscle in the body as its function is to flex the foot and is constantly being 

used in everyday situations for even the simplest tasks like walking [5]. Fatigue in the gastrocnemius results 

in impairment in the balance of the body. During planar flexion, it is observed that an increase in 

mediolateral sway occurs and results in postural control impairment.  

sEMG features such as the Root Mean Square (RMS) value is considered as one of the key component of 

analysis. It illustrates the activity in the muscle, and is affected by the firing rate of the cells, motor unit 

potential, unit discharge, and number of active muscle cells [10].  

In this work, an attempt is made to analyze the variations in sEMG signal characteristics before and after 

fatigue in lower limb muscles during isometric plantar flexion exercise. 

2. Methodology 

2.1. Experimental Protocol 

Eight male subjects are participants in the study with the range of ages being 19-32. A minimum of three 

trials is taken for each subject, giving a total number of trials of 25. Trials on the same subject are not done 

within 24 hours of each other to guarantee sufficient time for the muscles to recover.  The subjects are not 

physically trained. Further, they were informed about the experiment and signed a consent form based on 

the Helsinki Declaration. 

 

 
Fig. 1. Setup of experiment is shown. Electrodes are placed on the heads of the gastrocnemius muscles. The 

resisting force derives from the three springs. 

 

Subjects are seated in a stationary arm chair. After being seated, participants are instructed to maintain 

their torso at 90 degrees with their femur bone. The knee is bent such that an angle of 120-degree is made 

between the tibia and the femur.  

The participant’s foot lies upon the following apparatus as illustrated by Fig. 1. Having the ankle placed 

on the apparatus, a 90-degree angle should be made between the base of the foot and the tibia. The subject 

is asked to perform plantar flexion exercise to apply force on the platform, lowering the foot angle by 11 

International Journal of Bioscience, Biochemistry and Bioinformatics

101 Volume 8, Number 2, April 2018



  

degrees. This displacement is equivalent to an application of a force of 43.1 N. The participants are asked to 

maintain this angle until a drop of two degrees is observed, indicating fatigue. The angle is measured using 

an accelerometer sensor. During the experiment, verbal encouragement is constantly given. 

Ag/AgCl surface electrodes are placed upon both the lateral and medial gastrocnemius heads with the 

patella as the reference electrode. The interelectrode distance is 2 centimeters and are placed longitudinally 

over the muscles. The EMG signals are sampled at 10 kHz, and initially bandpass filtered from 5 Hz to 1000 

Hz. The data acquisition system used is Biopac MP36 [5]. This experiment is performed on both the left and 

right leg separately. 

2.2. Processing 

The acquired signals are further analyzed using MATLAB software. The files are separated, organized, and 

filtered again from 5 Hz to 400 Hz. A 50 Hz notch filter is used to remove the power line artifacts. The start 

and stop time of the experiment is noted. The initial and final window 1000 ms of the signal are used for 

analysis. 

2.3. Root Mean Square 

The RMS is a time domain feature that gives insight into the amplitude by providing a measure of power 

of the signal. The equation is given by: 

 

𝑅𝑀𝑆 =  √
1

𝑁
∑ 𝑥𝑖

2𝑁
𝑖=1                                        (1) 

 

where 𝑥𝑖  is the voltage value of the signal at 𝑖𝑡ℎ instant and N is the total number of points being analyzed. 

2.4. Muscle Fatigue Index 

The muscle fatigue index is a proposed co-contraction based feature and is given by: 
 

𝑀𝑢𝑠𝑐𝑙𝑒 𝐹𝑎𝑡𝑖𝑔𝑢𝑒 𝐼𝑛𝑑𝑒𝑥 =  √𝑅𝑀𝑆𝑚𝑒𝑑𝑖𝑎𝑙
2 + 𝑅𝑀𝑆𝑙𝑎𝑡𝑒𝑟𝑎𝑙

2                       (2) 

 

where 𝑅𝑀𝑆𝑚𝑒𝑑𝑖𝑎𝑙 is the RMS value from the medial gastrocnemius and 𝑅𝑀𝑆𝑙𝑎𝑡𝑒𝑟𝑎𝑙 is the RMS value from 

the lateral gastrocnemius. 

3. Results and Discussion 

There is a total of 25 trials in each leg from 8 subjects conducted in this experiment. Fig. 2 illustrates the 

representative sEMG signals. In Fig. 2a, the signal from the lateral gastrocnemius of the left leg is shown. It 

is seen that the amplitude ranges between -1.0 and 1.0 mV and the amplitude values increase with time. 

The signal from the medial gastrocnemius of the left leg is shown in Fig. 2b. A similar trend is seen, but the 

amplitude ranges from -0.5 to 0.5 mV. Fig. 2c and 2d shows the lateral and medial gastrocnemius signal of 

the right leg respectively. It is seen that both the muscles have similar amplitude ranges and increasing 

trend is also observed with fatigue.  

Comprehensive analysis of the endurance across subjects is shown in Fig. 3. Based on the scatter plot, it is 

seen that nearly 13 out of 25 trials have right leg with longer endurance time. On average, the right can 

perform for 7.29% longer than the left leg.  

In this experiment, the first and last 1000ms of sEMG signals are considered as non-fatigue and fatigue 

conditions, respectively. Fig. 4 represents the segmented signals acquired from the left leg that is shown in 
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Fig. 2a and 2b. In Fig. 4, an increase in amplitude is seen from non-fatigue to fatigue case. In fatigue, a 

synchronization of motor units occurs and this increase in amplitude may indicate this phenomenon [3]. 

Further, there is more scatter in the case of fatigue. A higher standard deviation is observed in the case of 

lateral pre- and post-fatigue. 

 

  
(a) Left lateral (b) Left medial 

  
(c) Right lateral (d) Right medial 

Fig 2. The full sEMG signal of a single trial is shown. The signal from the two heads of the gastrocnemius on 

the left leg are shown above and the signal from the two heads on the right leg are shown below. Amplitude 

increases as the experiment progresses in all cases. 

 

 
Fig. 3. The scatterplot of the length of time between the right leg and the left leg for the same trials is shown 

above. There was no clear dominant leg with 13 trials having a longer endurance time in the right leg and 

12 in the left. 
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In Table 1, the difference between the RMS values in non-fatigue and fatigue is shown as a percent 

increase. The table indicates that the right leg had an RMS percent increase of 1.5 times that of the left leg. 

There is a marginal difference between the lateral and medial gastrocnemius RMS increase. 

 

  

(a) Lateral non-fatigue (b) Lateral fatgiue 

  
(c) Medial non-fatigue (d) Medial fatigue 

Fig. 4. A comparison of non-fatigue to fatigue state in the sEMG signal of the gastrocnemius is shown. 

Non-fatigue, or the first 1000ms, is shown on the left and fatigue, or the final 1000ms, is shown on the 

right. 

 
Table 1. RMS Percent Change from Non-fatigue to Fatigue Averaged across All Trials. P Values Are Placed 

Below the Percent Change 
 Right Leg Left Leg Average 
Lateral Gastrocnemius 22.02% 13.02% 17.51% 
P Value 0.295 0.109  
Medial Gastrocnemius 18.60% 14.84% 16.72% 
P Value 0.338 0.018  
Average 20.31% 13.93% 17.12% 

 

Fig. 5a shows the scatterplot of the proposed co-contraction based feature extracted from the left leg. It is 

seen that the values range from 0.025 to 0.18 with one outlier. In most cases, fatigue has a higher value. The 

statistical test performed on this feature resulted in a P value of 0.04 In Fig. 5b, the scatterplot of the right 

leg is shown. The values range from 0.013 to 0.15 with no outliers. Similar to the previous result, fatigue has 

a higher value in a majority of cases. In this case, the P value of 0.001 is obtained. The scatter in the right leg 

is less than that of the left leg. This implies intersubject variability is less in the case of right leg. In 

comparison with the conventional feature, the proposed feature has a better P value. It may be due to the 

taking into account of the contributions of both the muscles to represent muscle fatigue. 
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(a) Left Leg (b) Right Leg 

Fig. 5. Non-fatigue and fatigue muscle fatigue index comparison. The proposed feature is able to correctly 

identify higher values in the fatigue case across almost all cases. 

 

4. Conclusion 

The purpose of this study is to analyze the variation in the sEMG characteristics during isometric plantar 

flexion. For this, signals are recorded from the medial and lateral gastrocnemius muscle from 8 subjects 

leading to a total of 25 trials per leg.  The subjects performed isometric plantar flexion and are asked to 

hold the position until fatigue.  

The result shows that the endurance time of each subject vary. On comparing the endurance between legs, 

a marginal difference is observed. The recorded signal is nonstationary in nature. On visual inspection, the 

signals show an increase in amplitude with fatigue. 

The features such as RMS show an increase in value with 20.311% in right leg and 13.930% in the left leg 

for the signals from medial and lateral gastrocnemius. The proposed muscle fatigue index is a 

co-contraction based feature and provides better separation between non-fatigue and fatigue. The P-values 

obtained indicate that the proposed feature performs better than the conventional RMS value with a 

significance level of P<0.01. This study can be extended to analyze other neuromuscular conditions. 

Conclusion 

A conclusion section is not required. Although a conclusion may review the main points of the paper, do 

not replicate the abstract as the conclusion. A conclusion might elaborate on the importance of the work or 

suggest applications and extensions.  
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