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Diffuse optical tomography (DOT) is a non-invasive optical imaging technique that uses near-infrared light.
DOT allows 3-D quantitative imaging of optical properties (absorption and scattering coefficients, z, and ) in
biological tissue. Since g, and g include functional and anatomical information, DOT has potential to diagnose
various diseases, such as cancers, inflammatory, and circulatory disorders. The goals of our research project are to
develop 3-D image reconstruction algorithms for cephalo-cervical DOT and ultimately to detect thyroid cancer with
DOT. For these aims, we performed: (1) modeling of light propagation in the human neck based on the time-domain

radiative transfer equation (RTE), which accurately describes light propagation in biological tissue, (2) development
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of RTE-based 3-D DOT image reconstruction algorithms, (3) Monte Carlo (MC) evaluation of DOT algorithms, (4)
experimental evaluation of DOT algorithms, and (5) estimation of z4 and z in biological tissue.

Okawa (National Defense Medical College) and Fujii (Hokkaido University) developed higher-order accurate
and fast schemes for solving the RTE by using the finite-difference and discrete-ordinate methods and introducing
renormalization of the phase function. These numerical solutions were applied to modeling of light propagation in
the human neck. A hybrid model based on the RTE and the diffusion equation (DE) was also developed to reduce
computational loads. More recently, solving both the RTE and the DE with a finite element method (FEM) has been
tried.

Yoshinaga (Tokushima University) and Hashimoto (Keio University) developed RTE-based DOT algorithms,
succeeding in image reconstruction of five absorbers embedded in a cubic phantom, a simple miniaturized human
neck model, and a realistic human neck model in numerical experiments; however, image quality of thyroid cancers
in the realistic human neck model was still insufficient. Various inverse solutions have been tried, while novel high-
resolution and efficient reconstruction algorithms have also been developed.

Okada (Keio University) developed a high-quality MC simulation and demonstrated that RTE-based
reconstruction algorithm was superior to DE-based algorithm using the MRI-based rhesus monkey head model: the
image quality of the brain was higher in the MC simulation under anisotropic scattering conditions than under
isotropic scattering conditions. The MC simulation verified the RTE-based numerical models of light propagation in
polyacetal phantoms and realistic human neck models. The MC was also used to create lookup tables for estimation
of optical properties in the cerebral tissue.

Tanikawa (National Institute of Advanced Industrial Science and Technology, AIST), Kawaguchi (AIST),
Kohno (Tokushima university), and Hoshi (Hamamatsu University School of Medicine, HUSM) made an optical
fiber holder placed on the neck for thyroid measurements and arranged an examination table so that the neck posture
could be the same as in the preceding MRI measurement. An eight-channel time-resolved spectroscopy (TRS) system
was completed at the end of the present research project, which is going to be firstly applied to measuring phantoms
for evaluation of DOT algorithms, and then to measuring patients with thyroid cancer.

To estimate optical properties, Tanikawa and Hoshi measured anesthetized rat brains by using the TRS system
consisting of a femtosecond laser system and a streak camera. Very fine optical fibers were inserted into the cerebrum
at the source-detector distance of 1.25 mm. Data were processed by Kawaguchi and then x4, and g’ of gray matter
and white matter were estimated from the lookup tables by Okada. Machida (HUSM) solved the RTE analytically
and evaluated the validity of the lookup tables. We also measured the brain of a monkey, which had been used in
physiological experiments, before sacrifice, and found that there were no significant differences in the optical
properties between rodents and primates. This result suggests that optical properties estimated in rodents can be used

as the initial values in iterative image reconstruction scheme for DOT in human subjects.
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