BMC Neuroscience

BioMed Central

Open Access

Poster presentation

Spatio-temporal spike dynamics: localization of single cell currents
based on extracellular potentials patterns
Zoltán Somogyvári*1, István Ulbert2 and Péter Érdi1,3
Address: 1Department of Psycophysiology, Psychologycal Research Institute of the Hungarian Academy of Sciences, Budapest, Hungary,
2Department of Biophysics, KFKI Research Institute for Particle and Nuclear Physics of the Hungarian Academy of Sciences, Budapest, H-1121,
Hungary and 3Center for Complex System Studies, Kalamazoo College, Kalamazoo, Michigan, USA
Email: Zoltán Somogyvári* - soma@mail.kfki.hu
* Corresponding author

from Eighteenth Annual Computational Neuroscience Meeting: CNS*2009
Berlin, Germany. 18–23 July 2009
Published: 13 July 2009
BMC Neuroscience 2009, 10(Suppl 1):P37

doi:10.1186/1471-2202-10-S1-P37

<supplement> <title> <p>Eighteenth Annual Computational Neuroscience Meeting: CNS*2009</p> </title> <editor>Don H Johnson</editor> <note>Meeting abstracts – A single PDF containing all abstracts in this Supplement is available <a href="http://www.biomedcentral.com/content/files/pdf/1471-2202-10-S1-full.pdf">here</a>.</note> <url>http://www.biomedcentral.com/content/pdf/1471-2202-10-S1-info.pdf</url> </supplement>

This abstract is available from: http://www.biomedcentral.com/1471-2202/10/S1/P37
© 2009 Somogyvári et al; licensee BioMed Central Ltd.

Introduction

Results

Traditional current source density calculation (CSD)
method allows calculation of transmembrane current
source distribution on neurons from the extracellular
potential patterns, thus provides important information
for neurophysiology. The traditional CSD method is
based on strong physical foundations, but in most cases it
is applied onto one dimensional data, so derivatives
according to the orthogonal dimensions are neglected.
This one-dimensional method uses the implicit assumption that current source density changes can be neglected
in two dimensions on the spatial scale of the electrode. In
other words, it assumes a laminar source distribution,
with infinitely large, homogeneous laminar sources. Considering the laminar organization of the cortex, this can be
a good approximation in case of large population activities such as epilepsy or evoked potentials, but certainly
not valid in case of single cells. Thus traditional onedimensional CSD method gives incorrect results for spatial potential patterns originated from a single neuron. To
solve this problem, a new spike CSD (sCSD) method was
designed, which fits more to the properties of individual
cellular sources, making it able reconstruct the cellular
transmembrane currents, based on extracellular potential
measurements. This new method is based on the inverse
solution of the Poisson-equation.

The new method was tested on simulated data and its performance was compared to the traditional CSD method.
It was shown, that the sCSD method was able to reconstruct the original source distribution with much higher
accuracy than the traditional method and precisely determinate the cell-electrode distance as well. Our new
method was applied to in vivo measured action potentials. These spikes were measured in cat primary auditory
cortex with a sixteen-channel chronically implanted linear
probe. Using our new method, many fine details of the
spatio-temporal dynamics of spikes were uncovered. Dendritic back propagation was proven to be much more frequent than previously assumed; it was observable in every
cell. The speed of back propagation was typically different
in the apical and basal directions. In contrast to the literature, forward propagation preceding the spikes was also
observable. In perspective, this new method raises the
possibility of identifying synaptic inputs that cause a cell
to fire.
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