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Highlights
e Tissue properties can be extracted from diffusion-weighted MRI by fitting a model to

the measured data within each voxel

Diffusion MRI models provide two types of tissue properties:

1. Fibre orientations
2. Quantitative properties (e.g. density, axon diameter, dispersion)

e The diffusion tensor model is only valid in voxels with a single population of fibres
Higher-order models are required to derive biological meaningful information from
voxels containing multiple fibre populations

e Fibre tractography is a technique to estimate the trajectory of white matter pathways
Tractography streamlines can be used for identifying regions of interest, connectivity
analysis and grey matter parcellation

e Analysis of quantitative measures can be performed at different scales: whole-brain,
region of interest, voxel-level

Target Audience
This talk is designed for clinicians, scientists, technologists and engineers who wish to gain a
broad overview of diffusion MRI analysis methods.

Outcomes

This talk will allow the attendee to identify different methods for analysing diffusion-
weighted MRI, describe data and modelling requirements, as well as their advantages and
disadvantages.

Overview

Diffusion-weighted MRI (DWI) exploits the interaction of diffusing water molecules and
tissue microstructure to obtain macroscopic information about tissue properties. The previous
talk will describe how the MRI signal is sensitised to diffusion along a particular orientation
by applying a magnetic field gradient. By acquiring images with a number of different
gradient orientations, information about the extent and shape of diffusion within each voxel
can be obtained.

Models

To derive biologically meaningful information from DWI, a model is usually fit to the data
acquired within each voxel. The previous presentation will introduce the most commonly
used model: the diffusion tensor (i.e. diffusion tensor imaging, DTI). This talk will begin with
a discussion on limitations of the diffusion tensor'?, focusing on issues with its interpretation
in voxels that contain multiple-overlapping fibre bundles (also known as crossing fibres). It is
important for diffusion MRI beginners to understand the limitations of DTI given the
extensive DTI literature, prevalence of white mater voxels containing crossing fibres®, and
ready availability of vendor-supplied DTI processing software.

Proc. Intl. Soc. Mag. Reson. Med. 22 (2014)



Given the limitations to the diffusion tensor, I will then discuss some higher-order models
that more accurately model white matter in regions with crossing fibres*™. Higher-order
models can resolve multiple fibre orientations within a voxel, and can provide fibre-bundle-

specific quantitative information””.

Tissue Properties

The remainder of the talk will be split into two sections, with each covering analysis methods
that utilise the two different types of information available from DWI (Fig. 1).

1. Fibre orientations

2. Quantitative measures (e.g. density, axon diameter, dispersion)
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Figure 1.Talk overview

Tractography-based Analysis Methods

The first section will introduce how fibre orientation information within each voxel can be
used to estimate the trajectory of fibre pathways (a method known as fibre tractography)°.
Fibre tractography can be accomplished using two different approaches:

1. Targeted tractography (involving a seed, include and exclude regions)

2. Whole-brain tractography

A brief overview of typical fibre tractography applications will be given. The simplest
application of tractography is to use tractography-derived streamlines to define a bundle or
region of interest. Regions can be identified using targeted tractography or by automatic
clustering of whole-brain tractography streamlines. The location of specific regions/bundles
can be beneficial in applications such as neurosurgery, and to enable region of interested
based group comparisons of quantitative tissue properties.
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The second tractography application discussed, called connectivity analysis, is an area that
has gained momentum in recent years. This talk will cover the basics principles of whole-
brain structural connectivity analysis via generation of a fibre tractography-based
connectivity matrix'®. Potential limitations and pitfalls will also be covered'""'2.

Tractography-derived connectivity information can be used for parcellation of cortical and
sub-cortical grey matter. An example of thalamic parcellation will be given based on voxel-
level connectivity to different cortical regions'.

Analysis of Quantitative Measures

The second section of this talk will give an overview of different approaches used to analyse
quantitative measures. Region of interest based comparisons of quantitative measures will be
covered in the previous section. I will give a brief overview of histogram analysis", an
approach that is sensitive to subtle diffuse changes at the cost of spatial specificity. Finally, I
will outline the basic steps required to perform whole-brain voxel-based analysis", including
image registration, smoothing, and the need to correct for multiple comparisons.
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