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Fig.2 The temperature variation of different layers in the brain over time
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Fig.3 The temperature variation of different layers in the brain over time with and without the skull
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Effect of skull on photothermal effect based on Monte Carlo method
and finite element method

Song Xianlin®, You Bokang®, Li Sihang”
(a. School of Information Engineering; b. Jiluan Academy,Nanchang University, Nanchang 330031, China)

Abstract: In this study, MCmatlab was used to construct a photothermal model of mouse brain with and without skull,
and the effect of skull on brain photothermal effect was studied by Monte Carlo method and finite element method. Monte Carlo
method can be used to simulate the propagation of a large number of photons in different brain tissues. Then the finite element
method is used to calculate the absorption of light energy by each unit, and the temperature distribution of brain tissue is ob-
tained. The simulation results show that in the case of skull, the light will be absorbed and scattered seriously through the scalp
and skull. Only a small part of the photons can be absorbed by blood vessels and gray matter through the scalp and skull, and
the photothermal effect is very weak. In the absence of skull, most of the light can enter the gray matter, and the blood vessels
can absorb most of the energy, resulting in a significant increase in temperature. Compared with the temperature rise on the
blood vessels with skull. the temperature rise on the blood vessels without skull increases by 0.2 °C, and the photothermal
effect is obvious.

Keywords: Monte Carlo method; finite element method; skull; photothermal effect; brain imaging
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Tab. S1 The optical parameters in the structure of mouse brain
HBAL L RHL pra/cm ! WO REL g /em ! H SR g Priff 2 n
K 0.060 0.01 1.0 1.33
3k f2 0.191 66.00 0.9 1.37
k=3 0.136 86.00 0.9 1.37
i 0.026 0.10 0.9 1.37
MK I 0.420 20.90 0.9 1.37
Bk 2.330 5.22 0.9 1.37
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Tab. S2 Thermal parameters of gray matter and blood vessel
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Fig.S3 The optical parameters in the structure of mouse brain



