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Adopted FEM models
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= Differences between the two models
= Temperature Dependence

= Propagation Effect

Conclusions and Future Works
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CIRCUITAL MODEL

(per unit area of m

From HODGKIN-HUXLEY » To the 3D FIELD MODEL

(axial symmetry is exploited)

uit quantities inta (Dependent Variable: Electric Potential V )
field solution study:

o(gVV)
ot
ie{D,.,D,,D,,}
7. o Je(V, )t over D,
0 elsewhere

V- +V (0, VV = Tue )=0

ahn ,Xfﬁil’f:ﬂ:&i:z:i:mzﬂ sse
"e'ndlnq on voltao

Simona Elia - DIIE - University of Salerno, Italy

= European COMSOL Conference 2009, Milan, 14-16 October 2009. 40f11




H-H Membrane Total Current

d I/ . - MEMBRANEV
Im L 7 G - e -

1 1

g = — e i i axt

HH Model Parameters Definition:

_ ok 2! .
G, =G, +G,.+G a, = 1000 0 i? _G?}ﬁy B, = 1000 % Expressions
e ] e’ &
3 a
G,, = GNmaXm h 25-0 IV » e Extrusion
Km.:zx
dx 0.07 1
—Z(xx-(l—x)—ﬁx-x n = 1000 —5 P = 1000 REESO NN
dt With x efranh). e I

TRE : Simona Elia - DIIE - University of Salerno, Italy

)5/ European COMSOL Conference 2009, Milan, 14-16 October 2009. sof 1




EQS Implementation of a FEM Mode

Boundary Conditions
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COMSOL Multiphysics Reference Manual, Thin Film Resistance application example
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Degrees of freedom 7086 | 685 € ModelA 8364 18559 119.31 183.71
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Number of elements 2378 | 300 I
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MODEL A : MODEL A
MODEL B : : H : MODEL B

Moulin C. et al.,
“A new 3D finite
element model of
extracellular
action potentials
recording

with a
microelectrode in
a tissue slice”,
Conf Proc IEEE
Eng Med Biol Soc.
2006;1:603-6.
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Theoretical Current Density Fluxes Lines,
in the Active Area

Simulated Current Density Fluxes
in the Active Area
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» The described FEM models allow:

= to simulate the electrophysiological behaviour of a portion of
nervous cell axon (under-threshold and active dynamic
behaviour),

= to reproduce accurately action potentials with an efficient
approach,

= to simulate a whole non-myelinated fibre and to introduce soma,
dendrites, etc...

» Work Iin progress: neurostimulation with nano-
electrodes.

Thank you for your attention!
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