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Abstract:
this study, cortical sources
human
movement-related potentials were modeled using functional

the execution of simple voluntary self-paced movements.

for linear

METHODS

magnetic resonance magnetic (/MR) data as a constraint
inverse source estimation fro* highly sampled
(128 channels) EEG data. Determination of the priors in
the resolution of the linear inverse problem was performed
with the use of information from the hemodynamic coupling
between the cortical areas as revealed by the event-related

fiulR. Applications

of

hemodynamic constraints were
showed in the evaluation of the cortical sources responsible

fo,

the synchronization

or

desynchronization

of

EEG

rhythms during a voluntary finger movements.

synchronization of EEG rhythms during the planning and

EEG recordings. EEG activity was recorded (0.1-100

Hz bandpass, 400 Hz sampling rate) by 128

0.25 Hz). Realistic head and source models were adopted
for the experimental subjects from sequential MRIs data.
EEG linear inverse estimation The forward solution

speciffing the potential scalp field due
INTRODUCTION
The interest in the estimation of sources by using the

constraint from the hemodynamically-activated neural
patches shown by the functional Magnetic Resonance
(fMR) led to several formulation of the linear inverse
problem both in the case of the Bayesian approach as well
as in the deterministic approach [1-3]. In all these
formulations, the activated sources as revealed by the fMR
are taken into account by using diagonal weight matrix, in
the deterministic case, or diagonal source correlation
matrix, in the case of Bayesian approach. Adopting this
formulation we failed to take into account information
about the coupling of the sources, since we use only the
information about the presence or absence of a particular
source in the set of those whose hemodynamic responses
have been elicited by the considered task. Here, we take
advantage from the hemodynamic responses of the eventrelated fMR, in which the time course of the source
responses is also available, to estimate the hemodynamic
correlation of the neural sources by using the crosscorrelation technique on the waveforms obtained by the
averaged activity in the analyzed region of interest. These
correlation values were then used as a priori constraints in

the solution of the linear inverse problem for

the

electromagnetic data arising from the same experiment
performed with the EEG high resolution technique. In this
way we include in our inverse solution the information
about the functional coupling of the analyzed sources, in

addition

to the information about the strengths of

the

activation as demonstrated by the hemodynamic responses.
We apply the described technique to the estimation of the
cortical sources responsible for the desynchronization or the

3*

electrodes

(linked earlobe electric reference) during self-paced right
middle finger extensions at variable frequency rate (0.1-

to an arbitrary

dipole source configuration was computed on the basis of
the solution of the variational problem for the sources x [4]:

(: argmin (llAx-bll2y+),2llxll2N) (l)
where (i) A is the electric lead field matrix obtained by the
boundary element technique for a realistic MRl-constructed
head model, (ii) x is the array of the unknown cortical
dipole strengths, (iii) b is the anay of the recorded potential
values, (iv) M, N are the matrices associated to the metrics
of the data and of the source space, respectively. The
solution of the variational problem depended on adequacy
of the data and source space metrics. Under the hypothesis
of M and N definite positive, the solution of (1) is given by
computing the pseudoinverse G according to the following
formula:
G : N-rA,(AN_rA,+l.M-t)_r (2)
For the source space metric computation N we take the
following definition for the ij entry of the inverse of the
matrix N:
(N-')'t: g(a;) g(a,) llAill-'.llAill-' con(ij)
(3)
where llAlll is the L2 norm of the i' column of the lead field
matrix A, g(ot) is a function of the statistically significant
percentage increase of the fl\4RI signal assigned to the i-th
dipole [5] of the modeled source space and Con(ij) is the
hypothesized correlation between the source i and the
source j during the task as revealed by the correlation
between the task-rest waveforms obtained by the fl\4R
signal between those cortical areas.

Linear inverse estimation of EEG spectral contents. To
estimate the spectral contents of the obtained solutions X(f),
the cross spectral density matrix xCSD(/) was computed
according to the formula, where the apex H indicates the
Hermitian condition
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xCSD(fl:XA.xA"

with respect to the possible coupling occurring
during the high resolution EEG recordings. However,

process

(4)

and from the definition of G mahix we have

Gr : G . bCSD(' . Gr (5)
where bCSD(, is the spectral covariance matrix of the

xcSD(fl:G

although the different time-constant of the two phenomena

.BA .BU)'.

are obviously different, the hemodynamic correlation

recorded data. Furtherrnore, we computed the ratio between
the power spectra of the X(/) obtained for the period of the
movement execution and those obtained for the period
before movement planning (rest period). With such ratio we
estimated the synchronization (when the ratio was greater
than l) or desynchronization (when the ratio was less than
l) of the cortical sources responsible for movement
preparation and execution.

i.e. in order to include all possible useful a

cortical strengths distributions responsible in the alpha
frequency band (8-12 Hz) for the planning of the movement
execution. Such distributions were estimated by taking into
account the fMR information for both the source activation
(the a; term; diag fMR) as well as for the hemodynamic
correlation between the analyzed sources (right; con fMR).
Note as the use of the information about the hemodynamic

coupling produced

a

bilateral distribution of alpha
of the uncoupled

desynchronization more than the use
hemodynamic information (diag fMR).

priori

information.
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Left; fMR results for the movement preparation and execution. Right; estimated cortical strengths distributions
responsible in the alpha frequency band (8-12 Hz) for the planning of the movement execution with taking into account
only source activation (diag fMR) or the hemodynamical correlation (corr fMR).
Figure
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