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Calculation of diffusion coefficients in a normal tissue and tumor using the
Levenberg-Marquardt method
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ARTICLE INFORMATION ABSTRACT

In this paper, the diffusion coefficient in a normal tissue and tumor are to be estimated by the method

of inverse problems. At the beginning, distribution of drug (with the assumption of uniform and
isentropic diffusion coefficient) in the tissue is considered as the direct problem. In the direct problem,
the governing equation is the convection—diffusion, which is the generalized form of Fick’s law. Here, a
source and a sink are defined; the source as the rate of solute transport per unit volume from blood
Inverse problems vessels into the interstitial space and the sink as the rate of solute transport per unit volume from the
Levenberg-Marquardt interstitial space into lymph vessels are added to this equation. To solve the direct problem, the finite
Tumor difference method has been considered. Additionally, the diffusion coefficient of a normal tissue and
Normal tissue tumor will be approximated by parameter estimation method of Levenberg-Marquardt. This method is
Parameter estimation based on minimizing the sum of squared errors which, in the present study considered error is the
difference of the estimated concentration and the concentration measured by medical images (simulated
numerically). Finally, the results obtained by Levenberg-Marquardt method have provided an
acceptable estimation of diffusion coefficient in normal tissue and tumor.
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Table 1 Material properties of normal and tumor tissues used in
numerical simulations
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[6] 31.05x107"° 6.41x10™"° K[m? Pas]
[6] 21.0-10% 2.710™" Lp[m/Pas]
[6] 20000 7000 SIV[1/m]
[6] 2080 2080 P, [Pa]

[6] 2660 2660 m[Pa)

[6] 1995 1330 m[Pa]

[6] 0.82 091 os

[13] - 0 P.[Pa]
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Fig. 1 Geometry of the direct Problem. A circular tumor surrounded by
circular normal tissues
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Fig. 4 The contour of interstitial velocity in the domain for both
normal and tumor tissues

25095 b 5 el Sl s (gl (BLle s yuilS 4 S8

C (kg/m?)
0.03 0.35
0.02 03
0.01 1023
g,
ey 0.2
-0.01 0.15
-0.02 0.1
-0.03 0.05
-0.04 "
0 0.01 0.02 0.03 0.04

X (m)
Fig. 5 The contour of Drug concentration in the domain for both
normal and tumor tissues after 8 hours
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Table 4 The results of estimated diffusion coefficient of normal tissue
and tumor at the same time
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Table 3 The initial guess and the actual value of unknown parameters
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Fig. 6 The Chart of sensitivity coefficients - time in normal tissue and
tumor
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Fig. 7 estimated diffusion coefficient of normal tissue and tumor by Levenberg-Marquardt method for Various noise
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