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I. Introduction

In this paper we present the application of an electrophysiological method based on two different
neuron models. The sCSD (spike Current Source Density) method [1] uses extracellular potentials
recorded in mouse brain to evaluate the current flow through the cell membrane on different parts
of the cell. The traditional CSD analysis [2] calculates current source densities denoted to layers
of the neocortex, the novelty of sCSD method is the calculation of the current source densities of
single cells from the measured extracellular potentials. The relationship between these two quantities
is given by Poisson-equation. In matrix formalism, Φ vector contains the measured n extracellular
potentials generated by the n current sources (C vector) and the so called transfer matrix (T) modells
the relationship between extracellular potentials and current sources. The current source densities can
be calculated by multiplying the extracellular potentials with the inverse (or pseudoinverse) of the
transfer matrix.

C = T−1Φ (1)

To make the solution unique the cell-electrode distance has to be estimated. Here two application of
sCSD for two different cases are shown, one regarding to neurons, which can be approximated with a
line segment and an other for the spherically symmetric cells.

II. The spike Current Source Density analysis of different neurons

A. Linear segment approximation
The line segment approximation can be used for elongated neurons which are parallel with the elec-
trode. By positioning the electrode perpendicular to the brain surface, the pyramidal cells (1.a) of the
neocortex will satisfy this assumption. These cells are represented as n point sources arranged in a line
segment, where n is equal to the number of electrodes. In this case the elements of the transfer matrix
(T ) are the following:

Tij =
1

4πσdij
, (2)

where dij is the distance between the ith electrode and jth point source and σ is the electrical conduc-
tivity of the extracellular medium. The cell-electrode distance was determined by the introduction of a
measure, which has an extremal value at the real distance. On the sCSD distributions (1.c) white colour
indicates the flow of positive ions into or negative ions outwards the cell. The strong white blob at 2
ms is the action potential initialization by the soma and the bright blobs afterwards in the neighbouring
segments are probably the dendritic backpropagation.

B. Spherical shell approximation
Some of the cells have a spherically symmetric morphology (e.g. relay cells (1.d)): the soma is in the
centre and the dendrites form a ball around it. It’s worthwhile to calculate the current sources of sphere
shells, since these corresponds to inputs from different brain regions. The distance of the electrode and
the soma was set to 20 µm, hence there is no method to predict it yet. We can specify this arrangement
as following: the electrode is 50 µm far from the soma, the others are in a line perpendicular to the
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Figure 1: (a) pyramidal cell (b) linear segment model (c) sCSD distribution of a pyramidal cell (d)
relay cell (e) spherical shell model (f) sCSD distribution of a relay cell

line between the soma and the first electrode. Every electrode corresponds to one spherical shell. The
electrode can measure the extracellular potentials of current sources of the inner shells. In this case the
transfer matrix has the following form:

Tij =
1

4πσdi
if j 6 i (3)

Tij = 0 if j > i (4)

where di is the distance between the ith electrode and the soma. The action potential initialization is
also recognizable here (1.f), the darker blobs before it on the outer shells might are caused by the input
currents.

III. Conclusions

By the application of sCSD method various interesting phenomena can be observed, which cannot
be seen in other in vivo extracellular measurements. Still there are limitations in the usage, further
investigations and the development of the models are needed. The future goals are the investigation of
the origins coming to a neuron and effect of the inputs on firing.
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