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Abstract: The accuracy of the reciprocal (or "lead-field")
approach fo, computing scalp EEG potentials was
evaluated using the three-concentric-spheres head model.

Comparable accuracies were attained by either the
or o more conventional direct

We too employed the three-concentric spheres head
model with a skull conductivity taken to be l/80 that of
scalp and brain. Sphere radii were l0 cm, 9.2 cm and 8.7

reciprocal approach

cm intervals along a central axis in the first octant at

approach.

degree angles to the x,

INTRODUCTION

eccentricity of 8.5 cm. Forward potentials were computed,
using both conventional and reciprocal approaches, at 4l

There has been some interest lately in using the
reciprocal (or "lead-field") approach for computing scalp
potentials. One possible advantage of the reciprocal
approach over more conventional forward problem
techniques is its greater accuracy for highly-eccentric

cm. Radial and tangential source dipoles were placed at 0.5

y and z directions,

45

with a maximum

uniformly-distributed electrode sites referenced to the
potential at the top of the head. Two boundary element
discretizations were used. In the first. each electrode site

eccentrically-

was represented by a quadrilateral, with intermediate
regions represented by a triangular mesh (Fig. I a). The
central node of each quadrilateral was then the site of
current injection or withdrawal for the reciprocal approach.
Both conventional and reciprocal approaches computed the

located cortical dipoles. The reciprocal approach was tested
by Fletcher et al.
using simulated dipoles in a threeconcentric spheres model of the head, and indeed found to
perform better for highly-eccentric dipoles. This led us to

potential at the triangle and quadrilateral vertices, assuming
a linear variation of potential. The second discretization
replaced the quadrilaterals with a finer mesh of triangles
(Fig. lb). The centroid of the central triangle then served as

use the reciprocal approach

in our own work. Our findings,
however, as described below, suggest that comparable
accuracies are attainable with both conventional and

the site of current injection in the reciprocal approach.
Potentials were now computed at triangle centroids,
assuming a constanl potential across each triangle.

reciprocal approaches.

Numerically-computed potentials were compared with the
analytical solution for the scalp potential [4], and a relativedifference error measure (RDM), equal to the square root of
the sum-squared error in potential across the 4l electrode
pairs divided by the 4l sum-squared analytic potentials,

source dipoles. This would be a significant advantage when

modeling scalp potentials generated

by

[],

METHODS

In the conventional approach, the potential O

is

obtained by inverting the matrix equation

where

was computed.

A(D=G

(l)

A is a transfer matrix

depending uniquely on

geometry, and G is a term proportional to infinite-medium
dipole potentials. Matrix deflation techniques [2] are used
prior to inverting Equation (l), as A is singular. Also a twostep isolated problem approach [3] is used to improve

solution accuracy, that can otherwise

be

severely

compromised by the low skull conductivity.
In the reciprocal approach, unit current is injected and
withdrawn using the two scalp electrodes across which the
potential is desired. This current sets up an electric field E
at the site of the source dipole p. The potential across the
electrodes is then given by
(D

=

-p.E

(2)

RESULTS
Graphs of RDM for conventional and reciprocal vertex
methods (CV and RV, respectively), and for conventional
and reciprocal triangle methods (CT and RT, respectively),
are shown in Fig. 2a for radial dipoles at varying

eccentricities. Similar curves are shown

in Fig. 2b for

tangential dipoles. Much lower RDM values were obtained
with the triangle methods (CT and RT) than with vertex
methods (CV and RV). However, both conventional and
reciprocal triangle methods (CT and RT) resulted in similar

RDM values.
CONCLUSIONS

While the conventional triangle method (CT) would
appear to be more accurate than the conventional vertex
method (CV), it must be remembered that the number of
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Figure

l:

Surface discretizations employed for each sphere

in the vertex (a) and triangle (b) formulations. There are
746 vertices, I152 triangles and 42 quadrilaterals per sphere
in (a), and 788 vertices and I 572 triangles per sphere in (b).

Figure 2: Relative difference error measures (RDM) versus
dipole eccentricity for a radial dipole (a) and a tangential
dipole (b) moved along the 45 degree central axis. RDM
values are indicated for the conventional and reciprocal
vertex methods (CV and RV, respectively), and for the
conventional and reciprocal triangle methods (CT and RT,
respectively).

unknown triangle potentials in the former approach
(1572 x 3) is approximately double the number of
unknown vertex potentials in the laffer (746 x 3). Much,
but not all, of this loss of accuracy in the conventional
vertex approach (CV) is recoverable by employing a finer
discretization so as to make the number of unknowns the
same. However, improving the accuracy of the reciprocal
method hinges on improving the discretization around the

sites

of current injection, namely around the

electrodes.

This may be one reason why the reciprocal triangle method
(RT), with its fine mesh around the electrodes, outperforms
the reciprocal vertex method (RV). Finally, even though RT
and CT methods yielded similar accuracies in this study, in
principle much more improvement is attainable with the RT
approach by local mesh refinement around the electrodes
than with the global mesh refinement needed by the CT

method. This may well be the major benefit
reciprocal approach.

of

the
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