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SUMMARY 

The aim of this study was to analyze the reproducibility of the 

electromyography signal´s parameters (EMG) in frequency 

domain used in the characterization of the localized muscle 

fatigue. Fifteen male individuals with similar anthropometric 

characteristics participated in this study. These subjects 

underwent a fatigue induction test on quadriceps muscle. The 

EMG signal was collected and processed in the frequency 

domain, in which it was obtained the median frequency (MF). 

Data were compared with ANOVA one-way and the intraclass 

correlation coefficient (ICC) was calculated. The results 

showed: (1) good data reproducibility in total time of exercise; 

(2) good data reproducibility in fragmented time at 10%; (3) 

bands of 20-120Hz have good sensibility of muscular fatigue 

process. It was concluded that MF presents good 

reproducibility and may result in an alternative indicator for 

fatigue characterization.  

 

INTRODUCTION 

The decline in the values of median frequency (MF) is one of 

the indicators used in methods for quantifying the process of 

muscle fatigue, as the electromyographic fatigue threshold. 

However, a limitation found in the analysis of MF is the great 

variation during the measurements. Studies show that relative 

changes in the frequency range of specific bands, show high 

correlation with changes of MF [1]. In some cases, the change 

in a given spectrum band should be compensated by changes 

in other bands, resulting in no effective change in the value of 

MF [2]. Thus, certain frequency bands may have a higher 

reproducibility over the MF. In this way, the purpose of this 

study was to assess the reproducibility of parameters of EMG 

signal frequency used in the characterization of localized 

muscle fatigue by observing the behavior of the power spectral 

density (PSD) of the EMG signal and its isolated components, 

in order to identify those more sensitive as an indicator of 

localized muscle fatigue. 

 

 

METHODS 

The research was approved by the local Research Ethical 

Committee and the volunteers signed na informed consent 

term after being informed about the research (proc. N. 

17/2009). 15 male subjects with 21.92.4 years, 80.38.9 Kg 

and 177.42.6 cm were submitted for evaluation by EMG of 

the vastus medialis (VM), vastus lateralis (VL) and rectus 

femoris (RF) during isometric exercise of knee extension set at 

60 degrees. The tests were carried out in four days separated 

by one week. In the first test subject was instructed to perform 

a maximal voluntary isometric contraction (MVIC) to obtain 

the force to be used for fatigue tests. In each of the following 

days of experiment, the volunteers performed a series of 

exercise with 50% of the MVIC, and were instructed to hold 

the load until exhaustion in isometry. 

 

It were used three pairs of surface electrodes Ag/AgCl, a 

signal conditioner for data collection of EMG (EMG 1000-8 

BIO-4l, LYNX ®) and a load cell (MM, Kratos ®) for 

monitoring the force executed. For the processing of signals 

from the fatigue testing was applied a band-pass digital filter 

type Butterworth of 4
th

 order and cutoff frequency between 20 

and 500 Hz, were ignored the first and last two seconds of the 

signals. The Discrete Fourier Transform was calculated to 

obtain the PSD of the signals and thus allow calculation of the 

MF. In addition to the MF, the PSD was normalized by its 

spectral distribution function and divided in the range 0-

400Hz in 20Hz intervals. 

 

To verify the reliability of data the ICC was determined for 

MF values relative for: the total exercise time (MFT), the total 

exercise time when fragmented at each 10% (MF10%) [3], and 

for each separate frequency bands with ranges of 20Hz. The 

reproducibility of the slope coefficients obtained by adjusting 

the MF and the selected frequency components was analyzed 

using the ICC among the three times when the fatigue test was 

performed. For the statistical analysis were applied Shapiro-

Wilk test and one-way ANOVA with Tukey post hoc, with a 

significance of 5%. 

 

 

RESULTS AND DISCUSSION 

When considering the MFT, the ICC showed excellent 

correlation to the VM (0.930.08) and VL (0.930.08) and a 

good correlation for the RF (0.880.17), indicating a good 

reproducibility of data over the three test sessions. It is known 

that the RF has a higher proportion of type II fibers compared 

to the VM and VL, which makes it more susceptible to fatigue 

[4]. It can be inferred that the behavior of the reproducibility 

of a muscle depends on its ability to resist fatigue, ie, muscles 

with higher proportions of type II fibers, tend to have lower 

values of ICC due to its characteristic low-resistance exercise.  



  

For the MF10% it is observed that for the VM and VL, the 

average values of ICC are between 0.75 and 0.90. For the RF, 

have values between 0.70 and 0.85 (figure 1). Although there 

is a variation of ICC from 10 to 100% of the total exercise 

time, no portion of muscle showed a statistically significant 

difference (p> 0.05). It can also be observed that the 

maximum of ICC occurred in 60% of the total exercise time 

for the VM and VL and 50% for RF. Thus, it is understood 

that when the exercise time is fragmented, small changes that 

are observed contribute directly to the reproducibility of MF 

found in the analysis of portions of the VM, VL and RF in 

total exercise time. In the analysis of MF10%, looking to the 

figure 1, it can be infered the existence of a pattern on its 

reproducibility, occurring in the three muscle portions: i) an 

initial stage I, which shows a slight decline from the ICC, ii) 

an intermediate moment II shows that recovery (increase) of 

the ICC, iii) a final moment III presents a slight decrease of 

the ICC. It has been demonstrated by the coefficient of 

inclination of the lines that the fatigue time for the VM occurs 

in 57±4% of the total test time, for the VL in 58±7% and for 

the RF in 47±8% of total [5]. It is noticed that these moments 

coincide in our study with the moments in which we observe 

the highest ICC. It is observed that the variation of MF at the 

beginning of time II is high and gradually increases until it 

reaches the maximum value, ie, the lower reproducibility in 

the early may indicates that in this situation each person has a 

unique behavior, but the in transition for fatigue, this behavior 

tends to reproduces better inter and intra-subject. We can then 

think of a condition in which the behavior of the ICC may be 

an indication of when the muscle begins to work under 

fatigue. In a practical condition, the ICC may be an indicator 

of muscular response to specific trainings, since the presence 

of an improvement in reproducibility after training could be 

considered a positive adaptation to training, and the converse 

also true. 

 

When analyzing the 20 frequency bands, it was noted ICC 

values classified between good and excellent (Table 1). It is 

known that compression of the spectrum for low frequency 

components featuring an indicator that the muscle is working 

under fatigue regime[6]. In this study it is noted that the lower 

the frequency components, the lower the ICC values, so one 

can see that the bands that show a lower reproducibility could 

be more sensitive to the process of muscle fatigue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mean ICC values for MF10%. 

 

 

CONCLUSIONS 

The results indicate that the behavior of MFT and MF10% 

show good reproducibility in the characterization of the 

muscle fatigue process. The observation of fragmented PSD 

appeared to have a greater potential to extract an indicator that 

is more sensitive and less susceptible to variations related to 

extrinsic factors when compared with the MF. It is believed 

that this is an interesting way to develop alternative and more 

efficient and practical for the characterization of localized 

muscle fatigue. 
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Table 1. Mean±SD of ICC of frequency bands from 20 to 120Hz for VM, VL and RF. 

 

Bands VM VL RF 

20-40Hz 0.90  0.22 0.83  0.25 0.84  0.17 

40-60Hz 0.92  0.15 0.85  0.23 0.81  0.26 

60-80Hz 0.89  0.08 0.89  0.13 0.89  0.08 

80-100Hz 0.95  0.07 0.95  0.05 0.83  0.23 

 


