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Abstract: This study tested the performance of two
new high resolution EEG technologies on
movement-related and somatosensory-evoked
potentials recorded from 128 scalp electrodes in
two normal subjects. These two technologies
estimated the sur{ace Laplacian (SL) and the
spatial deconvolution (SD) of the potential on
realistic MR-constructed head models. It was
shown that the new technologies provided nearly
equal enhancement of the spatial information
content of the EEG potential distributions.
INTRODUCTION

High resolution EEG technologies have
recently been developed to markedly enhance the
spatial information content of the conventional EEG
tU. These technologies consist essentially of high
spatial surface sampling (64-128 channels) and
surface Laplacian (SL) and spatial deconvolution (SD)
estimation. The estimation of the SL of the potential
needs the modeling of scalp surface, while that of the
SD is based on the construction of a multicompartment
head volume conductor simulating scalp, skull, and

dura mater surfaces I2l. Most recently, we have
developed two new EEG enhancement technologies
that use realistic MR-constructed head models [3,4].
The SL is computed with a new spline Laplacian
estimator, and the SD with a new method based on
boundary-element mathematics and singular value
decomposition. In this note, we briefly present results
of a study aimed at testing the performance of these
two new high resolution EEG technologies on
movement-related and somatosensory-evoked
potentials recorded from 128 electrodes in two normal

subject's cortical surface. The MR-constructed head
model used for the SD computation reproduced scalp,
skull, and dura mater. With this method neocortical
sources were modelled as current dipoles with unitary
moments. These dipoles were all placed at the same
depth from the reconstructed dura mater surface (4-10

mm beneath). The forward solution speci$ing the
potential scalp field due to an arbitrary source
configuration was computed with a boundary-element
technique using deflation procedure and singular value
decomposition. A tuning procedure was used to
estimate the rank of the linear system that minimized
the root mean square error between the recorded and
predicted distributions of the potential on the scalp
surface of the subject's head model.

The EEG was recorded with 128 channels of
Grass Neurodata amplification. The coordinates of the
I28-electrode positions as well as nasion, inion, and
preauricular points were registered with a sonic
digitizer for subsequent integration between electrode

for SL and SD
computation. Movement-related potentials were
recorded (0.1-100 Hz bandpass; 400 samples/sec)
while the subject executed about 300 voluntary selfpaced right middle finger extensions at intervals of 4positions and MR data as well as

20 sec. Linked earlobe served as a reference. To elicit
somatosensory-evoked potentials (0.1-1000 Hz

volunteers.

bandpass; 5000 samples/sec), brief square wave
electrical pulses delivered to the right median nerve at
the wrist (450-550 msec inter-stimuli intervals) were
used. A reference electrode was placed on the earlobe
contralateral to the stimulated side. Data analysis was
performed at about 90 msec before (negative slope
peak) and I l0 msec after (early movement-evoked
potential peak) the onset of electromyographic activity
in the right m. extensor digitorum, and at about 30

METHODS

Amplitude grey scale maps were calculated on 3-D

Sixty-four Tl-weighted sagittal images were
acquired with 30 msec repetition time, 5 msec echo
time, and 3 mm slice thickness without gap. MR
images were processed with contouring and

Normalized root mean square error (RMSE) was used
to compare enhanced EEG responses provided by the

triangulation algorithms. The tensorial formulation of
the Laplacian allowed the computation of realistic SL
on a mathematical MR-constructed subject's scalp
surface model. The realistic Laplacian method used 3D spline to estimate potential distribution, and 2-D
thin plate spline to model scalp surface. The estimated
SL was projected on the underlying MR-constructed

P€SI.JLTS AND CONCLUSION

msec (N30) after

the median nerve

realistic shaded images

stimulation.

by the Phong method.

SL and SD estimates.

Figure I shows for one of the two subjects
examined mean instantaneous amplitude maps of
realistic Laplacian-transformed (RL) and spatially-

(SD) averaged movement-related
(negative slope peak, pNS'; early movement evoked
deconvoluted
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potential peak, pMEPI) as well as somatosensoryevoked (N30) potentials recorded from 128 scalp
electrodes. The RL potential distributions were
computed

on a realistically-shaped

MR-constructed

model of the subject's scalp surface, while the SD
potential distributions were estimated across a MRconstructed head model simulating scalp, skull, and
dura mater. The grey scale was normalized with
reference to the highest amplitude values measured for
each map. The RL and SD potential distributions
showed similar patterns of cortical responses (RMSE

It can be observed

that in the late
preparation for the movement (pNS'), the maximum
activity was located in the region of the sensorimotor
cortex contralateral to the movement, and in the
supplementary motor cortex. Furthermore, during the
execution of the movement (pMEPl) the response
reversed across the central sulcus of the contralateral
side, suggesting the involvement of the cortex within
the central sulcus. The activity in the frontal mesial
range: 0.65-0.81).

region would suggest the involvement of

the

reliably used for neurophysiological studies of sensory and
motor functions.
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1. Mean instantaneous amplitude maps of realistic Laplacian-transformed (RL) and spatially-deconvoluted (SD)

averaged EEG responses estimated on mathematical realistic MR-constructed model of the head in a normal subject.
The maps were computed fro* I 28 EEG channels at about 90 msec before (negative slope peak, pNS) and I I0 msec
after (movement-evoked potential peak, pMEPI) the onset of the electromyographic activity associated with right
middle finger extension, and at about 30 msec after the electric median nerve stimulation at wrist N30). Percentage
normalized gr"y scale. Explanation in the text.
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