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Numerical Modelling of Electric Field in Tissue with Two Needle Electrodes:
Influence of Needle Modelling
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is inevitable approach
when modelling electromagnetic problems of complex
geometries. Many software products make numerical
modelling easy, however several issues have to be
considered in order to obtain satisfactory results. Some of
those issues affecting the problem of numerical modelling
Abstract: Numerical modelling

of electric field in liver tissue are described. Numerical
method used was finite element method, Special attention
was paid to the modelling of needle electrodes and factors
that inJluence the resulting electric field and reaction
current in the case of in vivo electroporation. For that
purpose the in/luence of shape of electrodes, their material,
diameter and mesh density in region around electrodes was
studied. Results hwe shown which simplifications can be
employed in modelling of needle electrodes.
INTRODUCTION

surface of the cube with dimension 32mmx32mm had in the
middle inserted two needle electrodes of diameter 0.5mm.
Electrodes were 6mm apart and 7mm penetrated in the
tissue. Voltage of l00V was applied to the surface of
electrodes as a boundary condition.
The electric field problems in physiology can, in general, be
considered as quasi stationary. Our problem was therefore
described with the equations for steady electric currents in
volume conductor.
The main task of modelling with finite element method of
geometry presented was to generate a mesh, which can
describe area around electrodes by taking into account the

huge difference

in

size between two electrodes

area between those regions and the edge
Modelling paradigm, which arises at the beginning of each
modelling problem is well known: To what extent the
details of the object have to be described in model.
Sometimes a very simple model can perform very well,
provided that it serves for the particular purpose for which
it was developed. On the other hand very complex model
can describe many aspects of the object, but it does not
necessarily give better results for particular purpose than
the simple model. When solving this paradigm the object
has to be carefully examined in order to find out which
characteristics have to be modelled in details, further on
modelling methodology to be used has to be investigated
and its specifics have to be taken into consideration.

In the literature there are many modelling

approaches

[].

Analytical

towards modelling of electric field in tissue

modelling methods are usually used only for simple
geometries and homogenous materials. As soon as the
geometry becomes complex and material heterogeneous,
analytical solutions became too complex, if not impossible.
At that point numerical modelling methods become more
convenient and give much better results l2l,I3l.
In this work we have focused on numerical modelling
approach with finite element method and tried to
investigate what simplifications can be employed in
modelling of needle electrodes. This task was performed on

the model of fairly simple

geometry. Results of

investigation on such geometry can serve us as guidelines
for modelling of complex geometries.

MATERIALS AND METHODS
The geometry of tissue under study, representing liver
tissue, was cube with dimensions 32x32xl7mm. The front

and

surrounding tissue. The factor between the sizes of the two
was 64 (32:0.5).
Such a problem required generation of separate regions
around electrodes with denser mesh. On the other hand the

of

cube had

scarcer mesh.

We have focused on the area between electrodes and
electrodes itself, by investigating the extent to which we
have to describe them. Therefore, the influence of electrode
shape, their material, diameter and mesh density in region
around electrodes was studied.

SIMULATION RESULTS AND FIGURES
Shape of needle electrodes

of

cylindrical electrodes requires very high
mesh in regions around the electrodes.
Approximation of cylindrical surface with octagonal can
make modelling easier and above all it decreases
Modelling

density

of

computational effort. Therefore, we investigated the
influence of different shape of electrodes on results, i.e.
electric field (E) and reaction current (I.). Table I presents
I, and E for three approximations of electrode surface:
square, octagonal and l2-angle.

Table

l: Influence of electrode

rtrup
square 0.243
octagonal 0.248
I2-anele 0.245

shape

*
2.4
2.5
2.5

9.9
9.7

l0

5.5
5.6
5.5

I and 2 show E in xy and xz plane respectively.
The distances that were used for the evaluation of E at
8V/mm are denoted with dl, d2 and d3. Based on the
results presented in Table I we can assume that by using
simplified geometry of electrodes (even square shaped
electrodes) I. and E do not differ significantly between the
Figures

cases.
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Table 3: Influence of electrode diameter.
diameter

0.5mm
0.6mm

Figure 1: E in liver tissues around electrodes in xy plane

-

octagonal electrodes, <p:0.5mm, 27246 nodes.

dl/mm d2lmm

Ir lA
0.248
0.260

2.5
3.2

d3/mm

9.5

5.6

t0.2

5.9

Mesh density
The density of mesh can affect the result. If the mesh is too
scarce the results can be distorted. However. the increase of
mesh density is not always beneficial. Namely, by
increasing mesh density the computational effons increase,
as well as the computing time. In extreme cases the models
with very dense mesh cannot be solved. Table 4 presents I,
and E of model with mesh of 6712 elements, 9578 nodes
and model with mesh of 19730 elements, 27246 nodes.

Table 4: Influence of mesh density (number of elements).
Mesh
density
67 12 el.
19730 el.

dl/mm d2lmm d3imm

I,lA
0.248
0.245

2.5
2.5

9.7
9.9

5.6
5.4

CONCLUSIONS

In our work we focused on numerical modelling approach
of liver tissue with two needle electrodes by using finite
Figure 2: E in liver tissue around electrodes in xz plane octagonal electrodes, <p:0.5mm ,27246 nodes.

Material of electrodes
Normally needle electrodes used

determine, weather it is necessary to model the material of
electrodes or the simplified electrodes can be used. (i.e.
electrodes with boundary conditions applied to the surface
and without modelled material). The influence of electrode
material on the I,. and E is shown in Table 2 for the case of
square shaped and octagonal shaped electrodes. Slight

in I, is visible in the case of

stainless steel

electrodes comparing to empty electrodes.

Table 2: Influence of electrode material.
dl/mm d2lmm d3lmm
material
Ir lt

S. steel,8

0.233
0.243
0.244

Air.8

0.248

S. steel,4

Air,4

2.3
2.4
2.4
2.5

10.0

4.5

9.9

5.5

l0

4.8
5.6

9.7

Diameter of electrodes
Needle electrodes used in our case have a diameter 0.5 mm.
Discrepancy in accuracy of modelling of electrodes can
yield to electrodes of different diameter. Therefore, we
investigated the influence of needle diameter on E and I,.
We have compared results of electrodes with diameter
0.5mm and 0.6mm. Results are presented in Table 3. It can
be noticed that difference in electrodes diameter (0.lmm)
affects the resulting I,. and E. Therefore, the diameter of
electrodes has to be carefullv modelled in order to obtain
accurate result.

which simplifications can be employed in modelling of
needle electrodes. This task was performed on the model

in

tissue are made of
stainless steel, which is a conductor. Electric field in ideal
conductor is equal to zero. The question of interest is to

decrease

element method which was previously used and validated
in the work of Miklavöiö et al. [a]. We have investigated

fairly simple geometry. Results have shown that the

of

shape

of needle electrodes can be approximated with octagonal
surface instead of cylindrical, boundary conditions applied

to the surface of electrodes have approximately the same
influence no matter if the material of electrodes is stainless
steel or air. Further on. there is no need to increase mesh
density around electrodes, once satisfactory results are
obtained and finally, it is important to model the diameter
of electrodes accurately. These results obtained on fairly
simple geometry can be used as guidelines for modelling of
complex geometries.
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