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ABSTRACT 

Muscular fatigue is described as a condition when the ability of muscles to contract and produce force is 

reduced under sustained contraction. The quantification of muscular fatigue by surface electromyography 

(EMG) provides a non-invasive method for easily accessing and measuring the physiological processes 

occurring during sustained muscular work. Double leg heel rise (DLHR) exercise is performed for the 

strengthening of calf muscles which generally gets weak following immobilization after injury or surgery. It is 

used as evaluation process/test by physiotherapists/clinicians/others associated with rehabilitation of 

athletes/non-athletes to strengthen their lower-body muscles and connective tissues after joint-related injury. 

The study purpose is to compare the effect of sustained DLHR exercise in relation performance level among 

males. The EMG activity of Gastrocnemius Lateral (GSL) and Gastrocnemius Medial (GSM) muscles of both 

legs are considered for this study because they are the dominating calf muscle. Here time domain features were 

chosen for extracting necessary information from the EMG signal using the algorithm developed in MATLAB. 

Understanding from the findings is significant in order to achieve optimum muscular strength and strength 

endurance development whereas reducing the probability of training related injuries to sportspersons. 

Keywords— Gastrocnemius lateral (GSL); Double Leg Heel Rise; Right Leg (RL); Fatigue. 

I. INTRODUCTION 

In past decade, the fatigue is explained as an exercise- induced, decrease in the muscle ability to produce power/ 

force, if or not the task can be continued [1]. When we exercise intensely/carry on similar kind of motion 

activity, then muscle of our body fatigue and as a result, we become to lose coordination, cannot train 

efficiently, work efficiency potential decreases for serious injury [2]. So, muscle fatigue is an essential 

information during muscular strength building or working, and is necessary to evaluate quantitatively.The 

sEMG i.e. surface electromyography (electrical activities measured over the skin surface during muscle 
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contractions) signal analysis helps in prosthetic myoelectric control, clinical diagnosis, ergonomics, sports 

biomechanics and evaluating the muscle fatigue [3].  

The Gastrocnemius muscle (overlying the soleus) is broader calf muscle which makes half of the calf muscle. It 

runs down back of leg, from behind knee to the Achilles tendon in the heel. The gastrocnemius muscle consists 

2 heads: lateral and medial, join soleus at tendo-Achilles and inserts distally on the calcaneus. Gastrocnemius 

crosses 2 joints, working for plantar flexion of the ankle and flexion of knee. Muscles cross two joints, 

like gastrocnemius muscle, are especially susceptible to injury. When calf muscles are not trained regularly, it 

loses strength and conditioning which is necessary for it in order to support athletic activities and as a result 

chance of injury increases. During running, walking or jumping, our calf muscles, mainly the gastrocnemius 

muscle generates power [4]. In sports like volleyball and basketball, stronger calf muscles may be advantageous 

for the player. Strengthening of calf muscle is necessary in order to prevent any injury from accidentally turning 

of foot outwards or inwards. 

Double leg heel rise (DLHR) exercise is performed for the strengthening of calf muscles [4] which generally 

gets weak following immobilization after injury or surgery. Injuries, like Ankle fractures and Achilles tendon 

rupture, usually require a concerted calf stretching effort during recovery period. This exercise also strengthens 

the tibialis posterior muscle, which gets weak/dysfunctional in patients having acquired adult flatfoot deformity. 

 The study purpose is to compare the effect of sustained DLHR exercise in relation performance level among 

males. The EMG activity of Gastrocnemius Lateral (GSL) and Gastrocnemius Medial (GSM) muscles of both 

legs are considered for this study because they are the dominating calf muscle. Here time domain features were 

chosen for extracting necessary information from the EMG signal using the algorithm developed in MATLAB. 

We used EMG signal because it reflects the degree of muscular   activation [5]. Also, EMG signal is widely 

used in the human movement  analysis where myoelectric signals produced by muscles are analyzed for 

muscular function investigation [6]. Understanding from the findings is significant in order to    achieve 

optimum muscular strength and strength endurance development whereas reducing the probability of training 

related injuries to sportspersons [7]. 

 

II. MATERIAL AND METHODOLOGY 

Ten healthy sports-people engaged in different sports and Eleven normal people were recruited as volunteers 

(age=21.5±1.87, weight=59±10.21Kg, height= 172.96±8.55cm). Criteria of Inclusion for the study were 

subjects above 18 years of age, non-alcoholic, willing to engage in the study and not having any other medical 

diseases which might hamper their nerves and muscles functioning, in order to make them unfit for participation 

in the study. Before their participation in the study, each member was described about the motive and protocol 

to be followed. In order to make them familiar with study, the participants were asked to experience few pre-
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data collection trails. As per ethical needs, all participants provided voluntary written informed consent before 

their participation in the study. 

Data  acquisition  

EMG data were obtained using a 4-channel EMG BIOPAC Inc. MP 100 system (Gain: 5-50,000, CMRR: 

110dB at 50/60 Hz and Input Impedance: 2 MΩ). This data acquisition was carried out in a quiet laboratory 

room for all the subjects. Before data acquisition, the skin of subjects was first shaved to remove hairs and then 

cleaned with cotton carrying alcohol for minimizing skin impedance, so that improving signal acquisition. 

Disposable electrodes (7.5 mm diameter) were placed on the Gastrocnemius Lateral (GSL) and Gastrocnemius 

Medial (GSM) muscles of both legs of the participants based on Seniam (European Recommendations for 

Surface Electromyography) [8]. The EMG data were acquired simultaneously from both the legs. Reference 

electrode was putted on the ankle of the subject to act as ground and as per safety requirements of the equipment 

[9]. The inter-electrode distance (center to center) was kept 20 mm. The schematic of electrode placement is 

shown in Figure 1. After the subject preparation was complete, they were asked to perform Double Leg Heel 

Rise (DLHR) exercise for 120 seconds in order to become familiar with the protocol. The sampling frequency of 

data acquisition software (Acqknowledge 3.9.9, BIOPAC Systems Inc.) was set to of 2000 Hz in order to avoid 

the aliasing effects as per Nyquist criteria. 

              

                                                        Fig.1. Electrode placement and muscles. 

Data  segmentation  

The study group of male athlete and male non-athlete subjects was divided into high and low performance 

groups respectively. These groups were given name as Male high performance (MHP) and Male low 

performance (MLP). All these groups were able to perform a minimum of 120 seconds  DLHR exercise, hence 

for better understanding the influence of performance on EMG signal, data is further divided into 40, 80 and 120 

seconds. 
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 Data processing  

Acquired raw EMG signals from different subjects were quantified into MATLAB. The signal processing 

methodologies applied to the raw EMG signals includes two parts namely- pre-processing and feature extraction 

as depicted in Figure 2. The Digital filters were used in MATLAB for EMG signal pre-processing [7]. For the 

removal of 50 Hz noise interference from EMG signal, Notch filter was applied. To remove other noise sources 

from EMG signal, cascaded high pass filter (20 Hz) and low pass filter (450 Hz) were applied [10]. Time-

domain features were extracted from the filtered EMG signal namely-Root Mean Square (RMS) and Integrated 

EMG (IEMG) for each subject. The reason for choosing these features in this study is that these are the most 

often selected features for the determination of changes due to fatigue in muscles.  

                                                        

                                                             Fig.2.EMG signal processing steps. 

 

 Integrated EMG (IEMG) 

 It represents the sum of the absolute value of the EMG signal amplitude [11]. IEMG relates to the EMG signal 

firing point and mathematically represented as: 

                                                                         (1) 

Where  is integration of signal and  is the rectified signal. 

Increase of IEMG value during contraction of muscle corresponds to higher muscle fiber recruitment for a fixed 

external force. Therefore, its analysis is necessary in order to determine the fatigue development in muscle 

fiber(s) during contraction. 

 Root Mean Square (RMS) 
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 This feature is most advanced and is used to analyze EMG signal. RMS is framework as amplitude modulated 

Gaussian random process which corresponds to non-fatiguing contractions and constant force [12]. RMS is the 

square root of mean power of EMG signal for a given time period and reflects the signal mean power. This 

feature is considered as to be analyzed here because it shows the extent of physiological activity in motor unit 

during sustained contraction of muscle [9]. Mathematically it is computed as: 

                                                                            (2) 

where  is the RMS of the signal and  is the rectified signal. 

 

III. RESULT AND DISCUSSION 

IEMG and RMS values of GSL and GSM of both the legs are given below. It demonstrates performance 

difference for male athletes and non-athletes with respect to time- domain features of both the muscles for both 

legs. Higher performance groups were having higher mean value for IEMG and RMS in terms of performance 

difference along time progression in both muscles of subjects during DLHR exercise. 
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                                   Fig.3. Comparison of RMS and IEMG Feature in terms of performance level 

IV.     CONCLUSION  

Differences in EMG activity of left and right leg, muscle to muscle as well as Time-domain features extracted 

were observed. The Performance level of male athletes and non-athletes exhibits insignificant EMG activity 

differences of selected muscles. At last, we conclude that Understanding from the findings is significant in order 

to achieve optimum muscular strength and strength endurance development whereas reducing the probability of 

training related injuries to sportspersons. 
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