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SUMMARY 
Evidences from surface electromyography suggest that 
activation of the medial gastrocnemius (MG) muscle is 
organized regionally. Similarly, myoelectric fatigue might 
manifest regionally in the MG muscle. Therefore, the aim of 
this study is to verify whether myoelectric manifestations of 
fatigue are localized in the MG muscle. Twelve subjects 
performed isometric plantar flexion contractions at 50% of 
their maximal voluntary effort. Contractions lasted 5s and 
were repeated at 5s interval until exhaustion. A bidimensional 
array of 7x16 electrodes was used to detect surface 
electromyograms from the MG muscle. Median frequency 
(MDF) was calculated from each single differential EMG to 
identify localized manifestation of fatigue. MDF decreased 
consistently (p<0.01) across subjects and only at specific MG 
regions (fig.1). Surface EMGs of 33±13 (mean±s.d.) out of 
105 electrodes showed significant variations in MDF. These 
electrodes were typically grouped within an area (mean: 
36.5±13.34 cm2). Interestingly, there was a predominant 
regions where decreases in MDF were more evident (in the 
central-lateral part of MG muscle). Physiologically, our results 
show that fatigue does not manifest in the whole MG muscle. 
Technically, our results suggest that the possibility of studying 
fatigue in the MG muscle from the surface EMGs depends on 
the location of electrodes.  
 
 
INTRODUCTION 
Myoelectric fatigue typically manifests as variations in 
amplitude and frequency of surface EMGs. Interestingly, some 
studies observed the myoelectric manifestations of fatigue to 
be represented locally in the surface electromyograms (EMGs) 
detected from different muscles [1; 2]. Regional manifestation 
of myoeletric fatigue is thought to reflect the alternated 
activity of populations of motor units residing in different 
muscle regions [1]. This alternated activity likely allows for 
the muscle to endure a constant force for a longer duration. 
Additionally, local myoelectric fatigue might be identified 
only when surface EMGs are collected from a large skin 
region, covering as much as possible the muscle.  
 
In this study we use a bi-dimensional array of electrodes to 
map spatial variations in the bandwidth of surface EMGs 
recorded from the MG muscle in submaximal fatiguing 
contractions. Given the fact that surface electrodes detect local 
activity in pinnate muscle [3], if myoelectric fatigue manifest 

locally in the MG muscle, then, variations in EMG amplitude 
and frequency due to fatigue would be represented locally. 

 
 
METHODS 
An intermittent, fatiguing protocol was applied to 12 healthy 
subjects. Subjects long-sat in a custom-made chair, with their 
right foot fixed, in neutral position, on a force-plate assembled 
vertically in from of them, their knee fully extended and the 
hip flexed. While looking at their ankle torque on a laptop, 
subjects were asked to exert 5 s of isometric plantar flexion 
contractions, at 50% of their maximal torque and repeated it 
with 5 s pause until exhaustion. 
 
A matrix of 112 (16x7) surface electrodes was positioned on 
the MG muscle with the assistance of ultrasound scanning. 
Monopolar EMGs were amplified by 1-5k and, then, sampled 
synchronously with the force data at 2048 Hz, using a 12 bit 
A/D converter (EMG-USB amplifier, OTBioelettronica and 
LISiN, Turin, Italy). 
 
Once digitized, the surface EMGs were differentiated, yielding 
single-differential signals, and thus filtered (15-350 Hz, 2nd 
order Butterworth filter). After that, the median frequency 
(MDF) was calculated for each EMG in the matrix and for 
each plantar flexion step, with the MDF values being 
computed over periods of 3 s centered on each step. Variations 
in EMG frequency across the fatiguing protocol (i.e., MDF 
slopes) were estimated by fitting a first order polynomial to 
MDF time series for each channel, yielding a fatigue map. 
Finally, the watershed [4] algorithm was applied to identify 
localized variations in these fatigue maps. 
 
 
RESULTS AND DISCUSSION 
We used a matrix of electrode to identify localized variations 
in the bandwidth of surface EMGs from the MG muscle. 
These local variations, if they occur, likely indicate localized 
MG fatigue. 
 
Variations in MDF did not manifest equally across the whole 
matrix of electrodes. Considering each channel individually, 
different trends were evident (fig.1): 1) MDF slopes 
distributed closely to zero; 2) MDF slopes were positive (few 
occurrences) and; 3) MDF slope were far smaller than zero. 
The surface EMGs showing the greatest decrease in MDF 



were grouped within a localized muscle area (fig. 2), whereas 
those showing constant or increases in MDF values were 
dispersed across the matrix. On average, 33±13 (mean±s.d.) 
out of 105 single-differential, surface EMGs showed 
significant variations in MDF. These signals were grouped 
predominantly in one muscle region. The watershed algorithm 
tracked these localized variations remarkably well (see white 
circles in fig. 2). 
 
With respect to the large skin region covering the MG muscle 
and considering all participants, the surface EMGs showing 
significant variations in MDF were confined to an average 
area of 36.5±13.34 cm2. Interestingly, there was a common 
area across subjects where myoelectric fatigue manifested; 
typically in the central-lateral MG region. According to our 
results, MG fatigue occurs locally during submaximal plantar 
flexion contractions. 
 
 
CONCLUSIONS 
Myoelectric fatigue does not manifest in the whole MG 
muscle. It is rather represented locally in the surface EMGs. 
Technically, studying fatigue in the MG muscle from the 
surface EMGs depends on the location of electrodes. 
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Fig. 1: a) Plantar flexion torque (black line), MDF averaged 
across channels (gray line) and MDF slope (dashed line) 
normalized respect to initial value are shown for one subject.  
b) Histogram (N=105) of MDF slope shows both positive and 
negative occurrences across the channels.  
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Fig, 2. Map of MDF slopes for one subject. Achilles tendon is 
located distally from the bottom row, whereas the, first column 
is slightly medially with respect to the junction between lateral 
and medial gastrocnemius. White circles correspond to the 
channels where greatest decreases in MDF occurred, 
identified after watershed segmentation. 

 


