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Laser-Induced Biological-Tissues Photothermal Effect Based on RC
Circuit Model

Li Xijaoxia He Jun Han Xuemei
(School of Information Engineering . Southwest University of Science and Technology .

Mianyang, Sichuan 621010, China)

Abstract A new theoretical model of an RC circuit is proposed for prediction problem of laser induced biological
tissue temperature rise. The RC circuit system function and unit impulse response are deduced based on Kirchhoff's
voltage law (KVL). Then RC circuit zero state response model is deduced from the convolution of unit impulse

Key words

response and rectangle input signal. The two model constant parameters are calculated from experimental results of
respectively, and average relative error ranges of the temperature curve are 0.55% ~2.39% and 0.38% ~0.99%

the laser irradiated bio-tissues temperature. Two model parameter calculation methods are proposed and simulated.
Theoretical calculation and experimental results show that the temperature response curves are consistent. Relative

error ranges of liver and muscle tissue peak temperature are —0.0557 C ~—0.0025 ‘C and 0.0139 C ~0.0641 C
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model, which provides a new method for laser and bio-tissues photothermal effect research.
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respectively. This method needs less parameters and is more precise than classical Pennes bio-heat transfer equation
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Table 1 Temperature experiment groups and results
Groups Tissues Laser power /W Irradiation time /s T,/ C Thex/ C T,/C T,/ C
1 Liver 0. 60 10. 88 20. 94 28. 30 25.39 25. 60
2 Liver 1.33 12.56 21.58 39. 83 32.70 33.24
3 Liver 1.70 13.59 21.50 56. 00 44. 00 40. 20
4 Muscle 0. 60 11.70 20. 94 29.40 26.70 24.95
5] Muscle 1.33 13. 36 21.01 39.55 32.81 31. 66
6 Muscle 1.70 14. 10 21.18 44,48 35.91 34.50
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Table 2 RC circuit response model parmeters

Groups 7 A, T2 A,
1 0.0781 12. 8588 0. 0840 12. 2847
2 0.0708 30. 9911 0.0713 30. 8380
3 0.0925 48.2143 0.0901 48. 8527
4 0.1295 10. 8424 0.1276 10. 9115
> 0. 0838 27.5178 0. 0830 27.6706
6 0.0768 35.2229 0.0793 34.6114
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Table 3 Relation between model parameter r; and tissue properties

Groups W /(g/em?) o /(g/cm®) ¢ /[J/(g*K)] B /[mW/(cm+*K)] d /ecm e=k/pcdW 7 /e
1 70 1.09 3.35 4.22 0.10 0.1651 0.0781 0.4730
2 70 1.09 3.35 4.22 0.10 0.1651 0.0708 0.4288
3 70 1.09 3.35 4.22 0.075 0.2201 0.0925 0.4202
4 75 1.075 3.951 4.53 0.05 0.3201 0.1295 0. 4045
5 75 1.075 3.51 4.53 0.075 0.2134 0. 0838 0. 3926
6 75 1.075 3.051 4.53 0.075 0.2134 0.0768 0.3598
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Fig. 4 Comparison of theoretical calculation and measuremental results. (a) Liver and the first (z; ,A;);
(b) muscle and the second (z; ,A;)
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Table 4 Theoretical calculation errors
Groups First (71 . A)) Second (73 s A3) Pennes and FEM®
PRE /C ARE /% PRE /C ARE /% PRE /C ARE /%
1 —0.0557 0.55 —0.0514 0.62 0. 2000 —0.69
2 —0.0025 0.99 —0.0025 1.03 1. 3000 —3.27
3 —0.0135 2.39 —0.0184 2.23 —1. 0000 1. 80
4 0.0641 0. 45 0.0630 0. 38 —0. 3000 1.02
5 0.0151 0.99 0.0139 0.94 1. 7000 —4.33
6 0.0598 0.49 0.0626 0. 50 1. 8000 —4.06
Mean 0.0351 0.9767 0.0353 0. 9500 1. 0500 2.5283
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