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Theoretical modelling for light propagation in biological tissues by both stochastic Monte
Carlo modelling and a deterministic diffusion equation implemented in a finite element
method has been validated by time-of-flight measurements in tissue equivalent phantoms. One
homogeneous and two inhomogeneous cylindrical phantoms were made of a clear polyester
plastic containing titanium dioxide to alter its scattering coefficient and dye to alter its
absorption coefficient. The inhomogeneous phantoms consisted of two or three layered
concentric cylinders. The three layered model contains a thin clear layer between the inner
cylinder and surface layer. The Monte Carlo predictions of mean optical pathlength agree
well with all the experimental results but those from the diffusion equation for the clear layer
containing phantom are considerably in error. The results indicate that the outer layers have
a significant effect on the mean optical pathlength and light penetration into the inner
cylinder.
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U = 6.4 mm"
U, = 0.02 mm”

(a) homogeneous model

inner cylinder

Uy’ = 6.4 mm’
I 4= 0.02 mm”

outer layer

Mg o = 1.6 mm” .
Ha o = 0.02 mm”

(b) 2 layered model
Fig. 1.

(c) 3 layered model

Design of models.
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Fig. 2. Optical system for time resolved measurement.
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Fig.3. Temporal point spread function (TPSF)

predicted from Monte Carlo method (MC) and from the
diffusion equation implemented in a finite element
method (FEM) as compared with experimental results
for (a) homogeneous model, (b) 2 layered model, and
(c) 3 layered model at a detection angle of 30°.
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Fig.4. Mean optical pathlengths and partial optical
pathlengths in the outer layer predicted from Monte
Carlo method (MC) and from the diffusion equation
implemented in a finite element method (FEM) as
compared with experimental results for (a) homogene-
ous model, (b) 2 layered model, and (c) 3 layered model
as a function of detection angle.
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(a) homogeneous model (b) two layered model (c) three layered model

Fig. 5. Photon density distribution calculated by Monte Carlo method at a detection angel of 10°.

Input

(a) homogeneous model (b) two layered model (c) three layered model

Fig. 6. Photon density distribution calculated by Monte Carlo method at a detection angel of 30°.

Input

(a) homogeneous model (b) two layered model (c) three layered model

Fig. 7. Photon density distribution calculated by Monte Carlo method at a detection angel of 90°.
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(a) homogeneous model (b) two layered model (c) three layered model

Fig. 8. Photon density distribution calculated by Monte Carlo method at a detection angel of 150°.
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