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Abstract

Computer simulation is an essential tool in various fields. Especially, the demand of
computer simulation in medicine has grown. The simulation focuses on, for example, an
electro-surgical unit that utilizes Joule heat generated by radiofrequency current and cuts
tissues, because simulation of cutting with an electro-surgical unit is significant to improve
surgical planning or surgical training systems. To simulate cutting with an electro-surgical
unit, a coupled modeling of electrical, thermal and mechanical behaver is needed. How-
ever, foregoing studies determine the cutting region using only temperature and have
never proposed the physics-based modeling technique which considers Young’s modulus,
Poisson’s ratio and breaking stress. The aim of this study is to propose the physics-based
coupled modeling technique of cutting with an electro-surgical unit, and to construct the
coupled simulation method based on the parameters.

The proposed method assumes that cutting with an electro-surgical unit is caused by
thermal stress. The method firstly calculates the current density distribution using Laplace
equation. Secondly, the method determines temperature distribution using the current
density distribution and the heat conduction equation. When calculating the current den-
sity distribution and temperature distribution, the method treats the object as a solid.
During cutting with an electro-surgical unit, phase transition from water to steam is a
significant parameter. Thus, When considering thermal stress distribution, the object is
treated as the mixture of solid and liquid. The method derives thermal stress distribution
caused by water’s heat expansion and volume expansion at vaporization and specifies cut-
ting region based on calculated thermal stress. Once more, the method treats the material
as a solid and structural change is applied to the cutting region of the object. The method
uses finite element method in numerical calculation.

The simulation using the proposed method was performed. The result of the simula-
tion showed that the proposed method could model cutting with an electro-surgical unit
based on the Young’s modulus, Poisson’s ratio and breaking stress. To validate proposed
method, the experiment using an electro-surgical unit and porcine liver was carried out.
The comparison of simulation result and experimental result showed the similarity of tem-
peature change, which was cyclic variation that maximum temperature rose to above 100
degree and dropped to about 60 degree on the thermogram, and superiority of the method.
The method has effectiveness against the modeling of cutting with an electro-surgical unit,
because it can simulate the cutting with the unit after the stress was applied to the object,

which is generally used in surgery.

Keyword : Electro-surgical unit, Cutting, Joule heat, Phase transition, Thermal stress,

Coupled simulation
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