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Abstract

The theory and techniques of NMR imaging are described together with a detailed
description of the Filtered Back Projection (FBP) technique use¢ in an existing NMR
imaging system.

The existing 'static’ NMR imaging system has been modified to be capable of
performing 'dynamic’ NMR imaging experiments, as well as better 'static’ NMR
imaging experiments.

The potential of NMR microscopy in the imaging of both the static spin distribution
P(rp) and the dynamic spin correlation function P(rglr,t) has been investigated. Both
homogeneous and inhomogeneous systems have been studied. Detailed theoretical
analysis and experimental considerations of dynamic imaging experiments have been
given.

A transverse resolution of 15 um for a 1 mm slice thickness is obtained from a static
imaging experiment of a phantom using the modified system. The rabbit trachea
imaging experiment has revealed the asymmetrical collapse of tracheas under negative
pressures, a collapse which had previously been considered as symmetrical process.

The Poiseuille flow experiment has involved the first simultaneous measurement of
flow and diffusion at the microscopic level. Maps of two dimensional distribution
functions of flow and diffusion are given by this experiment, highlighting this totally
non-invasive dynamic imaging technique.

As an example of dynamic imaging, the wheat grain experiment has displayed the flow
and diffusion maps within a single wheat grain in vivo.
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Chapter 1 Introduction

1.1 Introduction

Nuclear Magnetic Resonance (NMR) Imaging is a non-invasive technique which gives
the spatial distribution of the NMR signal intensity or other NMR parameters in a
heterogeneous sample. The first experimental demonstration of the feasibility of

macroscopic NMR imaging was given by Lauterbur in 1972 (1,2),

In conventional NMR it is usual to place the sample, which is homogeneous and small,
in a very uniform magnetic field, so that the resonant frequency depends upon the
external field modified slightly by the local environment. NMR spectra obtained in this
way yield details of the local molecular environment.

By contrast, NMR Imaging concerns a sample which is heterogeneous, and usually not
small. Furthermore, the sample is placed in a deliberately non-uniform magnetic field,
which enables the hetero-structure of the sample to be derived and displayed.

Many different techniques have been described for NMR Imaging 3:4:5). Among these
the Projection Reconstruction technique, originally from X-ray Tomography, is the

most sensitive one(©).

The proton (1H) is the most commonly used nucleus when doing imaging experiments,

Hydrogen being the most abundant element in the living systems. 1H is isotopically
almost 100% abundant, and has the highest magnetic moment among stable nuclei, thus

yielding optimum sensitivity. 19F and 31P nuclei are next in sensitivity and have some
practical interest. Other nuclei are, in practice, difficult to image.

Traditionally NMR imaging reveals some stationary distribution functions of a nuclear
spin system, for example, the spin density distribution. Such imaging is termed
'static' NMR imaging in this thesis.

By incorporating the Pulse-Gradient-Spin-Echo (PGSE) technique, the NMR imaging
can describe time-dependent functions. This technique is termed 'dynamic' NMR
imaging. Simultaneous imaging of flow and diffusion at the microscopic level can be
performed using this new technique, which has been demonstrated by some imaging
experiments in this work.



1.2 Organisation of the Thesis
This thesis is divided into 6 chapters.

Chapter 2 provides a description of NMR and NMR imaging. One of the most
commonly used imaging techniques, Filtered Back Projection (FBP), is
described in detail. The theory of dynamic imaging is discussed extensively in this
chapter.

In Chapter 3 a brief description of an existing static NMR microscopic imaging system
is given first, followed by some developments and modifications to this system which
form part of the present work. These have improved this system and enabled the
performance of the flow and diffusion imaging experiments.

The static imaging experimental results are presented in Chapter 4, while the dynamic
results are in Chapter 5.

A brief summary and some comments about possible future work are given in Chapter
6.

Appendix A gives the complete software listings for the flow and diffusion imaging
experiments. Appendix B gives the software listings for the simulating the uniformity
of Gy field gradient.





