
Abstract - The purpose of this study is to investigate if the
movement related potentials (MRP’s) measured from the
motor cortex of the brain are encoding information about
preparation of a movement. Through experiments the rate
of torque development and peak torque development was
systematically manipulated for a right foot dorsi flexion.
The mean MRP’s were statistical analysed to find
differences due to rate or peak torque development. The
analysis showed that information about the rate at which
the movement were performed could be retrieved from the
MPR’s just before movement onset. It was also shown that
the MRP’s are not encoding information about the peak
torque development. This indicates that it could be possible
to use information from the motor cortex to improve FES-
assisted walking.
Keywords - EEG, Movement related potentials, Torque
encoding

1. Introduction

Many people with neurological disorders are helped
by using functional electrical stimulation (FES)-assisted
walking although it has limitations [7]. One of these
limitations is to make rapid adaptations of the walking
pattern as required by walking over rough, uneven terrain
or in an environment with obstacles.

The development of a feed-forward control system,
capable of adapting the electrical stimulation to
environmental changes, could reduce some of the
limitations. The FES systems that are used today are mainly
based on a variety of hand switches, external transducers
[4] or natural transducers [4], which contains no information
that are feasible for a feed-forward control system or
requires too much conscious activity. Lately, the use of the
signal from cortical neurons has been suggested for the
control of neural prosthesis [1,8,9]. Furthermore, movement
related potentials (MRP’s) measured from the motor cortex
using the electroencephalogram (EEG) might contain the
information needed for a feed-forward control of FES-
assisted walking. Numerous studies have shown that
information about a certain movement can be detected using
the MRP’s [5]. This information is already being used in
the development of the brain computer interface (BCI) [3,6]
and there is also one example where it is used to control
FES of an arm [2].
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Even though many studies have been done in this field
there are only a few that strictly tries to map the changes in
kinematic variables to the changes in the MRP’s [10,11]
and none investigated them in relation to feet movements.

The purpose of this study is to investigate if the MRP’s
measured from the motor cortex encode information during
the preparation of the movement. The hypothesis is that
some components of the MRP’s encode the rate of torque
and peak torque development for a foot movement.

2. Materials and Methods

Subjects
Seven men (mean age: 27, range: 24-34) with no

history of pathologies of the right foot or ankle participated
voluntarily in this study.
Experimental task

Subjects were seated in a chair. The right foot was
strapped to a pedal equipped with a force transducer. The
left foot was rested on a similar pedal to obtain optimal
comfort and support. A visual feedback of the torque
produced by a dorsi flexion was provided via an
oscilloscope placed 1.5m in front of the subject. Each
participant performed six different tasks. The tasks consisted
of an isometric, voluntary started dorsi flexion with a fixed
rate and a fixed peak torque development.  The tasks were
systematically manipulated using three different rates (5Nm/
s, 10Nm/s and >30Nm/s) and two peak torque developments
(10Nm and 20Nm). For the tasks containing rates of 5Nm/
s and 10Nm/s (referred to as rate tasks), the participants
were instructed to keep the contraction at the peak level for
at least 1 second. The movements characterised by a rate
>30Nm/s, is a ballistic movement (as fast as possible) to
one of the two peak torques. The tasks were performed in
random order and consisted of 50 trials pr task.
Electroencephalographic recording

A programmable, DC-coupled broad-band amplifier
(SynAmps Neuroscan), using an electrode cap (Electro-
Cap Electrode helmet), was used to record
electroencephalographic (EEG) activity at 7 sites – Fz, FC1,
FC2, C3, Cz, C4 and Pz according to the international 10-
20 system (except FC1 and FC2) referred to linked ears.
The electrodes FC1 and FC2 were placed 2 cm anterior to
C1 and C2. Electrode were placed supra- and sub-orbital



to the right eye and 2 cm external to the outer canthus of
each eye to record the horizontal and vertical movements
in the electro-oculogram (EOG). The EEG signals were
amplified (gain 500) in the DC to 100Hz frequency range.
The EEG data were digitised at 500Hz using a 16-bit A/D
converter. The recording epoch was automatically started
and lasted for 12 seconds (6 seconds for ballistic). The
baseline was derived from the mean of the first 200ms of
the recorded signal.
Electromyogram recording

Electromyograms (EMG) were recorded from right
Tibialis Anterior (TA) and right Soleus (SOL). EMG signals
were amplified (gain: 2000 (TA) and 10000 (SOL)) and
band-pass filtered between 20 and 1000Hz and digitised at
2000Hz. The signals were stored in epochs corresponding
to the EEG. An envelope of the signal was produced by
rectifying and filtering (4th order Butterworth 6Hz low-pass
filter) the digitised EMG.
Torque recording

The torque was measured with strain gauges attached
to the pedal. The signals were amplified to correspond to
an output 0.1V/Nm and low-pass filtered at 10Hz before it
was digitised at 500Hz. The signals were stored on a
computer in epochs corresponding to EEG and EMG.
Data reduction and analysis

The onset of the voluntary movement was determined
off-line using the EMG signal recorded from TA. The onset
was defined as the time when the enveloped signal exceeded
a threshold defined as the mean plus 3 times the standard
deviation of the linear enveloped EMG signal at rest.

Inclusion of the epoch was established by examining
the trajectory of the torque for each trial. If the rate of
increase in torque exceeded by more than 10% of the
requirement, the trial was rejected. The statistical difference
in the mean rate and peak torque development was tested
by comparing the 95% confidence intervals (C.I.) of the
three rates and the two peak torques.

To avoid contamination of the EEG from eye
movements, the EOG were analysed for all trials to identify
eye movements. If high EOG-activity or eye blink was
detected between 1.5 second before EMG onset to 1 second
after EMG onset, the trial was not used in later analysis.

Amplitudes of the MRP’s were measured for three time
intervals: (1) peak negativity measured between 600 and
500ms prior to EMG onset, referred to as
Bereitshaftpotential (BP); (2) peak negativity measured
between 100ms before EMG onset and EMG onset, referred
to as motor potential (MP); (3) peak negativity measured
between EMG onset and 1s after EMG onset, referred to
as movement-monitoring potential (MMP). The mean of
these intervals were calculated for each task for each subject.
A 3 by 2 repeated-measures analysis of variance (ANOVA)
using the three levels of rate (5Nm/s, 10Nm/s and ballistic)
and the two levels of peak torque (10Nm and 20Nm) as
within factors.

Repeated-measures ANOVA were used to analyse the
linear increase of EMG activity and the EMG during peak
torque. The linear increase of EMG activity is based on the

first 200ms of the linear enveloped EMG signal after EMG
onset while the EMG activity during peak torque is the mean
of the first 200ms after peak torque is achieved. The
outcomes of the statistical calculations were declared
significant at p<0.05.

3. Results

Torque
The torque signals have been analysed using the 95%

confidence interval of the mean to verify that there are
differences between the torque rates and the peak
magnitudes. The analysis showed that there was a clear
difference between all three rates (95% C.I: 5Nm/s: 4.4-
5.8; 10Nm/s: 7.9-12; Ballistic: 89-149) and the two peak
magnitudes (95% C.I.: 10Nm: 8.4-9.6; 20Nm: 16.8-19).
EMG

A repeated-measures ANOVA, was used to analyse
the EMG data for differences between the different tasks.
The rate of the first 200ms of the enveloped EMG signal
was shown to be statistically different (F(2,12) = 322.56,
p<<0.01) and using a post-hoc test (Tukey-Kramer)
revealed a difference between the rate tasks and the ballistic
tasks. The magnitude for the enveloped EMG signal at the
time of peak torque was also tested for the different tasks.
This showed a clear difference between the two peak-
torque’s (F(1,6) = 19.33, p<0.01).
MRP’s

The results reported are based on data from the Cz
EEG electrode.

The temporal course of the EEG signal (Fig. 1) showes
some of the following general characteristics. Starting from
approximately 1.25s before EMG onset there is a slow
increase in EEG activity. Just before EMG onset an EEG
plateau is observed for all the rate tasks, while a rapid
increase of EEG activity can be observed for the ballistic
tasks (in general earlier for the 10Nm peak torque). After
EMG onset there is a slow decrease in EEG activity until
the movement is terminated. At termination a rapid decrease
in EEG activity is observed.
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Fig. 1: The temporal course of the EEG signals for the low
magnitude-low rate (thin line) and high magnitude-ballistic rate
(thick line)  tasks.



The mean amplitudes of the MRP components for the
two levels of torque (10Nm and 20 Nm) and the three rates
of torque development (5Nm/s, 10Nm/s and Ballistic) are
shown in Fig. 2. The effect was more obvious for the MP
where there was a significant difference based on the rate
of the movement (F(2,12) = 17.41, p<0.01) with the
difference occurring between the rate tasks and the ballistic
task. There was no statistical differences between the peak
torque (F(1,6) = 1.61, p>0.05). The mean amplitudes for
the MMP showed similar results (rate: F(2,12)=8.36,p<0.01
and peak torque: F(1,6)=0.54,p>0.05), while the mean
amplitudes at BP did not show any statistical differences
(rate: F(2,12)=2.39,p>0.05 and peak torque: F(1,6) =
0.05,p>0.05).

4. Discussion

The major findings from this study were the
demonstration of an interaction between the rate of torque
development for a dorsi flexion of the right foot and the
late components of the MRP’s (MP and MMP). This was
done by systematically manipulating both rate of torque
development and the level of torque. The results showed
that the late components of the MRP are coding the rate of
torque development rather than the level of torque. This is
in agreement with [11]. The absence of a difference in the
MRP’s between the two rates of torques could be explained
by the absence of a difference between the enveloped EMG
for these rates. It is concluded even though it was not
possible to show any statistical difference in the MRP’s
between the two rates of torque. The reason for this is that
it was found that there were no differences in the recorded
EMG for these rates. This indicates that the used rates are

too similar to detect any difference. A difference was shown
between the rate of torque development and the ballistic
tasks both in the late MPR’s and in the EMG.

Because the experiment set-up was done by
systematically manipulating the rate and level of torque, it
is possible to exclude the fact that the difference in the MRP
was due to the level of torque since it was not possible to
show any relation between the level of torque and the
MRP’s.

These findings show that it is possible to determine
certain properties of a movement before it is activated. By
using this information in FES-assisted walking it can be
speculated that it will be possible to make rapid adaptation
of the stimulation, which could improve for example
walking over obstacles.
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Fig. 2: The mean amplitude of the three MRP’s for the three
different rates over subjects. There is a significant difference
between the rate (5 and 10Nm/s) and ballistic (>30Nm/s) tasks
for the late component of the MRP (MP and MMP).The error
bars show the standard deviation.


