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TECHNICAL NOTES

Low Resolution Brain
Electromagnetic Tomography (LORETA):

The Technique, Its Validation,
and Methods of Analysis

Roberto D. Pascual-Marqui, PhD

Multi-channel recordings of scalp electric potential differences (EEG/
ERPs) provide insufficient information for determining uniquely the
three-dimensional distribution of electric neuronal activity in the brain.
This means that infinitely many possible solutions exist for this inverse
problem. Many particular solutions have been published in the litera-
ture, each one characterized by its own set of assumptions.

It is a well-known fact from electrophysiology that the fundamental
reason why EEG can be measured on the scalp is the occurrence of
highly synchronized post-synaptic potentials in clusters of cortical pyrami-
dal neurons. By taking this single electrophysiological fact into account
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ences and reprints see: http://www.unizh.ch/keyinst/NewLORETA/LORETA01.htm#
WhatIsLORETA
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(i.e., synchronization) a new inverse solution is obtained: low-resolu-
tion brain electromagnetic tomography (LORETA).

With the development of LORETA, it can now be shown that the
scalp electric potential provides sufficient information for obtaining a
low spatial resolution estimate of the electric neuronal activity. From a
mathematical viewpoint, LORETA yields a spatial low-pass filtered
version of the cortical current density, with correct localization. From
an electrophysiological viewpoint, LORETA is consistent with the
highly synchronized activity of neighboring neuronal populations. From
an empirical viewpoint, functional LORETA images yield correct neu-
roanatomical localization in visual and auditory evoked potential exper-
iments.

The LORETA method currently implemented makes use of the hu-
man head model described in the Talairach brain atlas. By means of
cross-registration techniques, EEG measurements made on any human
head can be adjusted to the geometry of the Talairach reference brain.

A LORETA image corresponding to the P100 visual evoked poten-
tial peak (data kindly provided by Koenig and Lehmann, 1996) is
shown in Figure 1 (maximum current density in Brodmann area 17).

Once the validity of the method is established, LORETA can be used
as a relatively trustworthy tool for the study of brain function, as is car-
ried out with other well-established methods, such as PET and fMRI.
However, unlike PET and fMRI, which provide metabolic information,
LORETA images provide high time resolution electric neuronal activ-
ity information.

Methods of analysis of LORETA images for event related potential
(ERP) data and spontaneous EEG data are reviewed. In the case of ERP
data, LORETA images are usually computed at peak latencies, offering
information about the location and distribution of the electrically active
neurons that generated the ERP component. Instantaneous LORETA
images can also be computed for EEG. These images are of interest
when analyzing epileptic spikes, for example. However, it is also often
relevant to compute “frequency band” LORETA images, which offer
information about the location and distribution of the electrically active
neurons that generated the alpha rhythm, for example.
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