i il | i |
@ ASUNET
dmalal) cila glaal) A8l




e ]
@ ASUNET
dmalal) cila glaal) A8l

e ]|t oy Gl | et
@ ASUN ET

Ao Sy 3258 385




o | e | A
@ ASUNET

dmalal) cila glaal) A8l

il i et

plid g )Saall g (9 SN (35 31
.

Lebiausi g L g a3 1 Balal) O audied) Al aedd
Sl il A ¢y 98 ) 3B 2DEY) oda e

kil oo Ty aDIEY) 038 Jadas
00 40-20 (3o dpsead 4y s 35 4 5ia 20 — 15 (e Bl a da o b

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %




i | o ol |
@ ASUNET

dmalal) cila glaal) A8l

ity |y el Sl
@ ASUNET

FlL o,
i LAY




dmalal) cila glaal) A8l

ity |y el Sl
@ ASUNET

Sloe Yl |
J—ed 55




NEW METHODOLOGIES FOR DATA ANALYSIS
OF DIFFUSION WEIGHTED MAGNETIC
RESONANCE IMAGING

By

Eng. Inas Ahmed"Mohamed Yassine Mahmoud

Systems and Biomedical Engineering Department
Faculty of Engineering, Cairo University

A Thesis Submitted to the
Faculty of Engineering, Cairo University
in Partial Fulfillment of the
Requirement for the degree of
(MASTER OF SCIENCE)
in
(SYSTEMS AND BIOMEDICAL ENGINEERING)

B
ANAD

R FACULTY OF ENGINEERING, CAIRO UNIVERSITY
\ _ GIZA, EGYPT
. March 2006







NEW METHODOLOGIES FOR DATA ANALYSIS
OF DIFFUSION WEIGHTED MAGNETIC
'RESONANCE IMAGING

By g

Eng. Inas Ahmed Mohamed Yassine Mahmoud

Systems and Biomedical Engineering Department
Faculty of Engineering, Cairo University

A Thesis Submitted to the
Faculty of Engineering, Cairo University
in Partial Fulfillment of the
" Requirement for the degree of
(MASTER OF SCIENCE)
in
(SYSTEMS AND BIOMEDICAL ENGINEERING)

+ .. Under the supervision of

Prof. Dr. .Abou-bakr M. Youssef
“Assoc. Prof. Dr. Yasser M. Kadah

Systems and Biomedical Engineering Department

Faculty of Engineering, Cairo University

~

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
‘ GIZA, EGYPT

- ‘ March 2006
Wer VUV N






NEW METHODOLOGIES FOR DATA ANALYSIS
OF DIFFUSION WEIGHTED MAGNETIC
RESONANCE IMAGING

By

Eng. Inas Ahmed Mohamed Yassine Mahmoud

Systems and Biomedical Engineering Department
Faculty of Engineering, Cairo University

A Thesis Submitted to the
Faculty of Engineering, Cairo University
in Partial Fulfillment of the
Requirement for the degree of
(MASTER OF SCIENCE)
in
(SYSTEMS AND BIOMEDICAL ENGINEERING)

Approved by the A
Examining Committee:

e

Prof. Dr. Abou-bakr M. Yloussef, Thesis Main Advisor

Prof Dr. Mohamed Emad M. Rasmy, Member M - Rasem
Prof. Dr. Fatma Elzahraa M. Abou-Chadi, Member ¥ 5maa_ f) &%ﬂﬂl"

Assoc. Prof. Dr. Yasser M. Kadah, Thesis Advisor

e WA '

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
March 2006






Abstract

Diffusion tensor imaging (DTI) is a non-invasive quantitative method of characterizing
tissue micro-structure. Diffusion imaginAg attempts to characterize the manner by which
the water molecules within a particular location move within a given amount of time. The
advantage of this modality lies in tfle fact that the changes in water diffusion at each
direction, produced by alterations in brain biochemistry, can be measured as the Apparent
Diffusion coefficient (ADC). Measurement of the diffusion tensor (D) within a voxel
enables the mobility of water to be c‘haracterize’d along orthotropic axes, allows a
macroscopic  voxel-averaged description of fiber structure, orientation and fully

quantitative evaluation of the microstructural features of healthy and diseased tissue.

The single tensor model is incapable of resolving multiple fiber orientations within an
individual voxel. This shortcoming of the tensor model stems from the fact that the tensor
possesses only a single orientational maximum. At the millimeter-scale resolution typical
of DTI, the volume of cerebral white matter containing such intravoxel orientational
heterogeneity (IVOH) may be considerable given the w1despread divergence and
convergence of fascicles. Several authors reported this non-mono-exponential behavior

for the diffusion-induced attenuation in brain tissue in water and NAA signals.

In this work, we started by comparing between some of the published methods to solve
muti-tensor models. Then, deriving the methodology and apparatus for multi-axon fiber
tracking based on high angular resolution diffusion-weighted acquisitions. A multi-
compartmental model was used to represent the physical make-up of imaging pixels.
Based on an analytical expression of apparent diffusion tensor, the mixture model
-parameters are calculated using global nonlinear least squares methods. The presence of
many fibers in the same direction results in an effective tensor that has the same shape as
one of them. This simplified case is usually in fiber tracking. Here, the intravoxel
heterogeneity was allowed to be included in the analysis by proposing a pixel model with
multiple tensors instead of one. Given the nonlinearity of the parameter estimation
problem here, global nonlinear least-squares methods are utilized to compute the

solution.



Fmally, Monte Carlo simulation was used on true tissue data to confirm that below a
certain signal to noise ratio (SNR), the estimation must be pronounced. The results of this
thesis can be considered to be profound step in the path of addressing the problem of
fiber tracking more accurately in the future taking into account the practical limitations

outlined in this work.
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