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SUMMARY OF Ph.D. DISSERTATION

Integrated Design Engineering Kazuki Kurihara
Title
Construction of anatomical human head models
for brain functional imaging by diffuse optical tomography
Abstract

Diffuse optical tomography (DOT) is a method used for brain functional imaging. During
the DOT, the blood volume change related to brain activation is measured as the intensity
change detected by multiple source-detector probe pairs attached to the scalp. The propagation
path of the detected light is broadly distributed due to tissue scattering, and hence the spatial
sensitivity profile for each probe pair is necessary for precise image reconstruction. The spatial
sensitivity profiles are estimated by the light propagation analysis in a head model. Since light
propagation in the head is strongly affected by the optical heterogeneity of the head, the head
model generally consists of the scalp, skull, cerebrospinal fluid, gray matter and white matter.
Recently, anatomical head models of which the geometry is based upon the magnetic resonance
(MR) images of individual subjects are used for the DOT. Automatic segmentation of the MR
images is required to construct the individual anatomical head model for each subject. In the
previous head model, several types of tissues were ignored in order to simplify the model,
however, a more sophisticate structure needs to be considered for the anatomical head model to
precisely estimate the light propagation in the head. In this thesis, the types of MR images,
which are appropriate for the automatic segmentation, and the influence of the tissue structures,
which was ignored in the previous head model, were investigated to construct the appropriate
anatomical head models for the DOT.

Chapter 1 reviews the principles of the DOT and human head models for the light
propagation analysis.

Chapter 2 describes two types of MR images which are adequate for the segmentation of the
superficial tissues. The proposed MR images were segmented by a binarization-based algorithm
and the results were compared to that of the conventionally used MR images. Based on the
results of 46 subjects, the segmentation of the proposed MR images is more accurate and robust
to the threshold level than that of the conventionally used MR images. The total imaging time of
the proposed MR images is less than one-fourth that for the conventionally used MR images.

Chapters 3 and 4 describe the influence of the structures, which were ignored in the previous
head models, on the light propagation in the head and image reconstruction of the DOT.

Chapter 3 describes the influence of the extra-cerebral vasculature (ECV) on the DOT. The
structure of the ECV was obtained from an MR angiography to construct the anatomical head
model including the ECV. The measured signal related to the brain activation was simulated
using the head model including the ECV, and the brain functional images were reconstructed
using the head models with and without the ECV. The brain activation around the ECV in the
image reconstructed using the model without the ECV tends to be shifted away from the ECV.

Chapter 4 describes the influence of the frontal sinus (FS), which is an optically-void region
in the frontal bone, on the DOT. The FS was segmented from the X-ray CT images, and an
anatomical head model including the ECV and FS was constructed to simulate the measured
signal. The brain activation reconstructed using the model without the FS was shifted toward
the FS when the activated region is close to the FS. The influence of the FS on the DOT is less
than that of the ECV.

Chapter 5 concludes the thesis by summarizing the results in each chapter.




