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Low resolution electromagnetic tomography

Neuro-imagining techniques aim to represent the structure or functioning of the brain. They can be
understood as an X-ray photograph of the brain that in the case of functional imagining will show the
brain areas activated during a process or cognitive task, and techniques such as fMRI, PET or MEG are
examples.

Pascual-Marqui, Michel and Lehman published in 1994 a new method for localizing the electrical
activity in the brain based on scalp potentials from multiple-channel EEG recording. This method
solves what is called the inverse problem: convert measurements into information about a physical
object or system observed. This revolutionary technique was called LORETA standing for low-
resolution brain electromagnetic tomography and can be understood as an EEG-based neuro-
imagining technique. Loreta computes a three-dimensional distribution of 2394 voxels of 7x7x7 mm
of the generating electric neuronal activity in the grey matter. A great advantage of this technique is
that it isn’t restricted to a certain number of electrodes or electrode locations, and therefore it self-
adapts to almost every electrode set-up and EEG measuring device.

sLORETA: standardized low resolution brain electromagnetic tomography (Pascual-Marqui, 2002). It
has no localization bias in the presence of measurement and biological noise. eLORETA: exact low
resolution brain electromagnetic tomography (Pacual-Marqui 2005). The first ever 3D, discrete,
distributed, linear solution to the inverse problem of EEG/MEG with exact localization (zero localization
error). Scalp EEG activity shows oscillations at a variety of frequencies. This rhythmic activity is
divided into frequency bands, and the most commonly known bands are delta, theta, alpha, beta and
gamma. EEG frequency bands have been noted to have certain biological significance and can be
associated to different states of brain functioning. There are still uncertainties about exactly where
various frequencies are generated but on the contrary there is strong knowledge about the activated
areas within the brain that generate certain spectral activity along the scalp. Loreta analysis of limited
frequency bands can be used to determine which regions of the brain are activated during different
states or mental tasks, helping to determine if the brain is operating in an electrical optimal way.

Loreta voxels are located in fixed positions within the brain’s grey matter. It is always interesting to
analyze not only the activation on single voxels but on entire regions associated to certain brain
functionalities, and Brodmann areas can be an example of this. Broadmann areas are regions of the
cerebral cortex that were defined at the beginning of the 20th century based on their cell organization
and that were afterwards proven to be directly related to certain brain activities such as audition,
vision and motor functionalities.

Since the beginning of 2001 Loreta has also been also used for Neurofeedback and its use is
expanding. So far studies are replicating others findings in the areas of fMRI feedback with clinical
populations, and they look to be more cost-effective than fMRI feedback for treating deep cortical
structures. If you are interested in Loreta use for neurofeedback I strongly recommend you to take a
look at Dr. Leslie H. Sherlin’s dissertation about Loreta and neurofeedback here.

Loreta is now a well-extended EEG analysis technique used worldwide. Its versatility, and the fact that
the number of EEG channels and channel location are not fixed, makes it possible to use this
technique with almost every EEG sensor and experimental set-up. The possibility of studying both at
the same time as the voltage measured at the scalp surface and the 3D distribution of the generating
electric neuronal activity is definitely a very powerful analysis tool worth taking into account for your
research.
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The KEY Institute for Brain-Mind Research and in particular Pascual-Marqui have been developing and
evolving Loreta since the beginning of the 90’s, you can find plenty of information on their webpage.
They also provide free software packages to carry out your Loreta analysis (although only for
academic purposes), which also include a signal visualizer and other analysis tools. But it is important
to mention that in order to correctly use this technique certain level of expertise and practice is
required 1).

Method for localizing the electric activity in the brain based on multichannel surface EEG recordings.
In contrast to the models presented up to now the new method does not assume a limited number of
dipolar point sources nor a distribution on a given known surface, but directly computes a current
distribution throughout the full brain volume. In order to find a unique solution for the 3-dimensional
distribution among the infinite set of different possible solutions, the method assumes that
neighboring neurons are simultaneously and synchronously activated. The basic assumption rests on
evidence from single cell recordings in the brain that demonstrates strong synchronization of adjacent
neurons. In view of this physiological consideration the computational task is to select the smoothest
of all possible 3-dimensional current distributions, a task that is a common procedure in generalized
signal processing. The result is a true 3-dimensional tomography with the characteristic that
localization is preserved with a certain amount of dispersion, i.e., it has a relatively low spatial
resolution. The new method, which we call Low Resolution Electromagnetic Tomography (LORETA) is
illustrated with two different sets of evoked potential data, the first showing the tomography of the
P100 component to checkerboard stimulation of the left, right, upper and lower hemiretina, and the
second showing the results for the auditory N100 component and the two cognitive components CNV
and P300. A direct comparison of the tomography results with those obtained from fitting one and two
dipoles illustrates that the new method provides physiologically meaningful results while dipolar
solutions fail in many situations. In the case of the cognitive components, the method offers new
hypotheses on the location of higher cognitive functions in the brain 2).
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