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BACKGROUND & 

INTRODUCTION 



Surface electromyography (SEMG)  

• SEMG signal amplitude- overall muscle activity 

 

 

 

 

• SEMG signal frequency- reported as either the 

median (SEMGMDF) or mean frequency 

(SEMGMNF).  
 



• Determine motor unit recruitment and types of muscle fibers 

recruited during a movement. 

• Slow Twitch Muscle Fibers– Recruited for low force, 

endurance activities – Slower rate of depolarization and 

lower frequency -- Fatigue slowly. 

• Fast-Twitch Muscle Fibers– Recruited for high force, 

explosive activities – Faster rate of depolarization and 

higher frequency -- Fatigue quickly. 

SEMG Median or Mean Frequency can be used to: 



• SHORTCOMING OF PREVIOUS RESEARCH – Most 

studies investigating SEMG frequency and fatigue have 

used Fast Fourier Transform (FFT); however, muscle 

contraction variations make SEMG signal non-

stationary and Fourier analysis error prone. 

 

• Given limitations imposed by using FFT, a technique 

called wavelet transformation (WT) has been 

developed, which allows for discovering the signal’s 

frequency content and location more precisely over 

time (Beck et al., 2008).  



• PROBLEM: Currently a lack of research comparing 

SEMG frequency during dynamic fatiguing muscle 

contractions computed by FFT and WT techniques, 

despite the fact that WT is superior (Vitor-Costa et 

al., 2012). 

 

• PURPOSE: To compare SEMG frequency responses 

of the Quadriceps muscle group – RF, VL, & VM – 

using FFT and WT during fatiguing knee flexion-

extension movements.  

 

• WT mathematical program developed jointly by 

DEPARTMENTS OF KINESIOLOGY & ECE. 



HYPOTHESIS:  

 

 Values obtained from FFT and WT 

techniques would be different, yet 

comparable, but that data obtained 

through FFT analysis would be less 

accurate and more variable. 



METHODS 



SUBJECTS 
 

• 12 male subjects recruited from the UNH student 
population. 

 

PROTOCOL 
 

• SEMG of the three superficial quadriceps muscle group 
were measured using a bipolar electrode arrangement:  

 

• RF 

• VL 

• VM 



Electrode Placement for Superficial 

Quadriceps Muscles: RF, VL, & VM 

RF 

VM 

VL 

Gr 



PROTOCOL 
 

• Using an Isokinetic Dynamometer subjects performed 
fatigue test at 1800 .  s-1 

• Rested for 2-min and repeated the procedure 



STATISTICAL ANALYSES:  

 

• Separate repeated measures ANOVA for SEMGMDF 

and SEMGMNF values to determine differences 

between measurement techniques (WT and FFT), 

muscles (RF, VM, and VL), and repetitions to fatigue 

(1%, 15%-, 30%-, 45%-, 60%-, 75%-, 90%-, 100%-

completed reps, and final repetition of second bout of 

exercise). 

 

• Comparison of Fatigue Indices (Slopes) between WT 

& FFT for SEMGMDF and SEMGMNF 

  
• SEMG Frequency(slope) = ∧F/∧T 



RESULTS 



SUMMARY OF RESULTS 

 

• There were no significant differences between WT and FFT 

techniques in determining SEMG median  frequency changes 

consequent to muscle fatigue; however, there were difference 

between WT and FFT techniques in determining SEMG mean 

frequency changes. 

 

• In all muscles tested -- RF, VL, & VM – there was a shift to 

lower frequencies over the course of muscle fatigue, indicating 

a de-recruitment of FT fibers as the muscle fatigues. This is 

consistent with the lierature ( Beck et al., 2008; Croce et al., 

2008), and with Henneman’s size principle of motor unit 

recruitment. 

 

• Fatigue indices (slopes) for WT and FFT  techniques were 

nearly identical for SEMG median frequency and slightly 

different for SEMG mean frequency. 









• As reported in the literature, both SEMG mean and median 

frequency values shift to lower frequencies consequent to muscle 

fatigue; however, a greater variance in values were observed with 

SEMG mean frequency. 

 

• The RF muscle displayed the greatest shift to lower frequencies 

and VM displayed the least. This is supported by the literature 

(Croce et al., 2012) and can be attributed to the RF muscle 

having a greater FT-fibre composition, and VM having a lesser 

FT-fibre composition. 

 

• Both WT and FFT lead to similar results; however, greater 

variance and error are found using FFT analysis, making WT 

analysis more applicable to SEMG frequency decomposition (see, 

Beck et al., 2008; Vitor-Costa et al., 2012).  

CONCLUSIONS 



 

FUTURE RESEARCH 
 

Because the way in which a muscle fatigues varies by 

the level of force exerted during each repetition, 

future research should investigate WT and FFT 

analyses using fatigue protocols incorporating slower 

movement velocities and greater levels of muscle 

force production.  

 

The current study should be reproduced using other 

muscle groups and joint movements. 
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