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Abstract Taking the dentine as the research object, a method to solve the light diffusion properties of anisotropic
biological tissue is proposed. The diffusion tensor is introduced into the diffusion equation to describe the light
propagation inside the tissue. Through theoretical derivation and considering light diffusion results of isotropic cubic
tissue models, it is proposed that the ratio of diffusion tensor component can be expressed by ratio of long and short
axes of forescattering contour ellipse incident by point light source. The experiment is performed to measure the
forescattering light intensity distribution of dentine slice from two different directions incident by point light source of
10 pm diameter. The experiment result reveals that the ratio of diffusion tensor component of dentine is D, : D..:
D, =7.49:1.3:1. The orthogonal anisotropic diffusion equation is solved by finite element analysis method using
ANSYS software by setting parameters as the obtained results. The simulated results are compared with the
experimental data, and the correctness is confirmed. The study can deepen the understanding of scattering properties
of dental dentine and gives the reference for the early detection of dental caries based on scattering effect.
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Fig. 1 Model diagram of point source incident

into 3D media
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Fig. 3 Light diffusion results with different incident directions. (a) Parallel to dentin tubule;

(b) perpendicular to dentin tubule
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Fig. 5 Light intensity distribution of forward scattering with light source parallel to dentin tubule.
(a) Result of lowpass filtering; (b) contour distribution
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Table 1 Fitted elliptical parameters of contours incident parallel to dentine tubule

1. (14)

Contour 0.4 0.5 0.6 0.7 0.8 Average
Long axis 113. 0791 96. 5582 81. 6694 67.1853 54.322
Short axis 98.5014 83.5609 71.0249 59. 4353 48.0909
Long and short axis ratio 1. 147995 1. 155543 1. 14987 1. 130394 1. 129569 1. 142674

F2OTEET A BUINE ALY A L R 85 20

Table 2 Fitted elliptical parameters of contours incident perpendicular to dentine tubule

Contour 0.6 0. 65 0.7 0.75 0.8 Average
Long axis 320. 7451 300. 2558 278.3975 238.1935 204. 1747
Short axis 141. 7129 127. 2305 111. 6787 97. 4317 82.5629
Long and short axis ratio 2.263344 2.359936 2.492843 2.444723 2.472959 2.406761
54 DL RS2 By il (12) A (13) 2 A] L
r. = +/D./D, = 1.14, (15
r. = D, /D = 2.4. (16)
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Fig. 6 Comparison of finite element analysis result and experimental data
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Table 3 Comparison of theoretical and experimental

results of long and short axis

Ratio of long and y axis X axis
short axis incident incident
Fitted result of experiment 1. 142674 2.406761
Finite element result 1. 1386 2.4364
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