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SUMMARY 
We recently reported that subjects with greater coherence 
between electroencephalogram (EEG) over the sensorimotor 
cortex and electromyogram (EMG) of contracted muscle show 
more prominent grouped discharge in EMG signal within the 
15–35 Hz band (β-band) during weak to moderate isometric 
contraction. The present study aimed to examine how such 
variation in EMG activation patterns depending on the 
magnitude of EEG-EMG coherence influences motor function 
as assessed by force steadiness and reaction time. Twelve 
healthy volunteers performed steady (keeping isometric 
dorsiflexion at 30% of maximal effort for 60s) and ballistic 
(quickly reacting to the sound cue by ballistic dorsiflexion 
from steady contraction state) contraction tasks. Results were 
that: 1) the magnitude of EEG-EMG coherence showed 
significant positive correlation with β-band component of 
force during steady contraction task, 2) within each subject 
showing significant EEG-EMG coherence, we were able to 
divide the trials in ballistic contraction task into two groups 
depending on whether EMG showed prominent grouped 
discharge before reaction (GD+) or not (GD-), and reaction 
time was longer in GD+ than in GD-. These findings suggest 
that grouped discharge in EMG signal induced by oscillatory 
corticomuscular coupling influences motor function, such as 
enhancing force fluctuation and delaying reaction time. 
 
INTRODUCTION 
It has been well documented that the sensorimotor cortex 
activity measured by electroencephalogram (EEG) shows 
coherence with contracted muscle activity measured by 
electromyogram (EMG) within the 15–35 Hz band (β-band) 
during weak to moderate intensity of isometric contraction 
[1,2,3,4]. However, it is still unclear how the oscillatory 
corticomuscular coupling within β-band plays a functional 
role in the control of human movement. Recently, we reported 
that there is between-subject variation in the magnitude of 
EEG-EMG coherence, and subjects with greater EEG-EMG 
coherence show more prominent grouped discharge in EMG 
signal within β-band [5] (Figure 1). The present study aimed 
to examine how such variation in EMG pattern depending on 
the magnitude of EEG-EMG coherence influences motor 
function as assessed by force steadiness and reaction time. 
 

METHODS 
Twelve healthy volunteers (eight males and four females, 21-
24 years) participated in the experiments. They were 
comfortably seated on an armchair in a semi-reclining position, 
and the right foot was attached to a footplate with the knee at 
90° from full extension and the ankle at 0° (neutral position).   
 
Surface EMG was recorded from the tibialis anterior muscle in 
the right side. EEG was recorded from the sensorimotor cortex 
using five surface electrodes with a diameter of 10 mm, placed 
at Cz and its 20-mm frontal, back, right lateral and left lateral 
positions.  Dorsiflexion force was recorded using a force 
transducer attached to the footplate. 
 
The subjects performed two tasks, such as steady and ballistic 
contraction tasks. In steady contraction task, they performed 
isometric dorsiflextion at 30% of maximal voluntary 
contraction (MVC) for 60 s. In ballistic contraction task, they 
preliminary performed steady contraction at 30% of MVC, 
and reacted to the sound cue as quickly as possible by 
performing ballistic dorsiflexion. They repeated this task for 
100 trials.   
 
As for the data for steady contraction task, we quantified 
EEG-EMG coherence and sum of power spectral density of 
force within β-band (Force β-PSD). As for the data for 
ballistic contraction task, reaction time was determined as the 
duration form the cue to the time when the force signal 
exceeded the mean + 10 SD of force data of 1 s before the cue. 
 
RESULTS AND DISCUSSION 
Figure 1 illustrates examples of raw EEG signals, raw EMG 
signals, and coherence spectra between EEG and rectified 
EMG during steady contraction task for the subjects who 
showed strong (A), moderate (B), and weak (C) EEG-EMG 
coherence. As previously reported [5], it is clearly observed 
the tendency that the greater the magnitude of EEG-EMG 
coherence, the more prominent the oscillatory fluctuation of 
EMG signal.  
 
Relationship between the maximal peak of EEG-EMG 
coherence within β-band and Force β-PSD is shown in Figure 
2.  Significant positive correlation was detected between the 



maximal peak of EEG-EMG coherence within β-band and 
Force β-PSD (r = 0.577, P = 0.049). This finding suggests that 
oscillatory corticomuscular coupling that generates grouped 
discharge in EMG signal enhances force fluctuation within β-
band.   
 

 
 
Figure 1:  Examples of raw EEG and EMG signals, and 
coherence spectra between EEG and rectified EMG signals 
during steady contraction at 30% of MVC. Data for the 
subjects who showed strong (A), moderate (B) and weak (C) 
EEG-EMG coherence are shown. In the coherence spectra, the 
95% confidence level of coherence is shown as horizontal 
dashed lines. 
 

 
 
Figure 2: Relationship between the maximal peak of EEG-
EMG coherence within β-band and Force β-PSD. Linear 
regression equation and Pearson’s correlation coefficients, r, 
are shown in the figure.   
 

As for the data for the six subjects showing significant EEG-
EMG coherence, we found that the trials of ballistic 
contraction task were able to be divided into two groups; i.e., 
the one in which EMG showed prominent grouped discharge 
before reaction discharge in EMG on reaction time, or the one 
in which EMG did not show clear oscillation before reaction. 
In order to examine the effects of grouped discharge in EMG 
on reaction time, we assessed the differences in reaction time 
between GD+ and GD- within each subject by using unpaired 
t-test.  As a result, reaction time in GD+ was longer than that 
in GD- for all of the six subjects, and in three out of them, 
significant differences were detected.  These findings lead us 
to assume that when grouped discharge develops in EMG 
during preliminary contraction, reaction time is delayed, 
entrained by the cycle of oscillatory corticomuscular coupling.  
 
CONCLUSIONS 
The present study demonstrated that: 1) the magnitude of 
EEG-EMG coherence was positively correlated with β-band 
component of force fluctuation in steady contraction task, 2) 
reaction time was delayed in the trials of ballistic contraction 
task in which grouped discharge develops clearly in EMG 
during preliminary contraction. These findings suggest that 
grouped discharge in EMG signal induced by oscillatory 
corticomuscular coupling influences motor function, such as 
enhancing force fluctuation and delaying reaction time. 
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Table 1: Mean ± SD values of reaction time during ballistic contraction task for the subjects who showed significant EEG-EMG 
coherence. Data for GD+ and GD- are expressed separately. In order to assess the differences in reaction time between GD+ and 
GD-, results of unpaired t-tests are shown for each subject. 
 

GD+ GD-
1 744 ± 49 722 ± 54 0.044*
2 735 ± 33 725 ± 29 0.169
3 906 ± 72 837 ± 59 0.101
4 767 ± 44 748 ± 47 0.044*
5 728 ± 49 716 ± 33 0.116
6 785 ± 59 757 ± 42 0.049*

PReaction time (ms)
Subject

 


