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Abstract

Magnetic resonance imaging is one of the most important
diagnostic tools of modern healthcare. The signal in medical MRI
predominantly originates from water and fat molecules. Separation of the
two components into water-only and fat-only images can improve
diagnosis, and is the premier non-invasive method for measuring the
amount and distribution of fatty tissue.

Fat-water imaging (FWI) enables fast fat/water separation by
model-based estimation from chemical shift encoded data, such as multi-
echo acquisitions. Qualitative FWI is sufficient for visual separation of
the components, while quantitative FW1 also offers reliable estimates of
the fat percentage in each pixel. The major problems of current FWI
methods are long acquisition times, long reconstruction times, and
reconstruction errors that degrade image quality(Berglund 2011).

The relationship between phantom structure and composition of
density can observe on the three deferent composition of (oil, water. Oil
&water), the MRI has many advanced techniques needed to be applied
and used in Sudan to advance diagnosis and therapy, the methodology
adopted were experiment the three phantoms under spin technique and
advance technique and monitor the analyzed image, we found that the
advanced technique has more accurate results than the spin, the
conclusion of this research that the diagnosis can be more precise by

using the MRI advance technique.
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Chapter one
1- Introduction

1-1 Definition of MRI

Unlike CT and PET, MRI does not use ionizing radiation. In addition, it
has a higher spatial resolution than both modalities[1].
MRI was initially called Nuclear Magnetic Resonance Imaging after its
early use for chemical analysis. The "Nuclear" was dropped off about 25
years ago because of fears that people would think there was something

radioactive involved, which there is not2].

Medical MRI takes advantage of the high prevalence of hydrogen in the

body and the magnetic properties of the proton in a hydrogen atom.

Hydrogen atoms induce a small magnetic field due to the spin of this

atom’s proton[1].
2-1 Objective:

Although magnetic resonance devices exist in Sudan and used for the
purposes of medical diagnosis, but this high- potential setups only used

normal margins.

The goal of this project advance technology application in Sudan for the

development of medical diagnosis.
3-1 Problems Statement:

Although MR Images are more detail and powerful, but there are types of
tissues that cannot distinguish between them that is, it field to compare

those tissue.

A field study to see how the applications of advanced methods in the

diagnosis using MRI in Sudan.



Chapter Two
2. The Basics of MRI

2.1 Introduction

Magnetic resonance imaging (MRI) is an imaging technique used
primarily in medical settings to produce high quality images of the inside
of the human body. MRI is based on the principles of nuclear magnetic
resonance (NMR), a spectroscopic technique used by scientists to obtain

microscopic chemical and physical information about molecules[3].
2.2 Microscopic Property Responsible for MRI

The human body is primarily fat and water. Fat and water have
many hydrogen atoms which make the human body approximately 63%
hydrogen atoms. Hydrogen nuclei have an NMR signal. For these reasons
magnetic resonance imaging primarily images the NMR signal from the

hydrogen nuclei[4].
2.3 Spin Physics

What is spin? Spin is a fundamental property of nature like
electrical charge or mass. Spin comes in multiples of 1/2 and can be + or
-. Protons, electrons, and neutrons possess spin. Individual unpaired

electrons, protons, and neutrons each possesses a spin of 1/2.

In the deuterium atom (2H), with one unpaired electron, one unpaired
proton, and one unpaired neutron, the total electronic spin = 1/2 and the

total nuclear spin = 1.
2.4 Transitions

This particle can undergo a transition between the two energy

states by the absorption of a photon. A particle in the lower energy state



absorbs a photon and ends up in the upper energy state. The energy of
this photon must exactly match the energy difference between the two
states. The energy, E, of a photon is related to its frequency v by Planck's
constant (h = 6.626x10-34 J s).

E=hv (2,1)

In NMR and MRI, the quantity is called the resonance frequency and the

Larmor frequency.
2.5 Energy Level Diagrams

The energy of the two spin states can be represented by an energy level

diagram[3]. We have seen that v =Y B and E = hv, therefore the energy

of the photon needed to cause a transition between the two spin states is

E=hYB 2,2)

®

Energy

\

=

Magnetic Field

Fig (2.1) Energy Level Diagrams



2.6 T1 Processes

At equilibrium, the net magnetization vector lies along the
direction of the applied magnetic field Bo and is called the equilibrium
magnetization Mo. In this configuration, the Z component of
magnetization MZ equals Mo. MZ is referred to as the longitudinal

magnetization. There is no transverse (MX or MY) magnetization here

y4
Bo

AMo

T

& y

Fig (2.2) T1 Processes

It is possible to change the net magnetization by exposing the
nuclear spin system to energy of a frequency equal to the energy
difference between the spin states. If enough energy is put into the

system, it is possible to saturate the spin system and make MZ=0

y4

¥ 3

T

- y

Fig (2.3) M, =0



The time constant which describes how MZ returns to its
equilibrium value is called the spin lattice relaxation time (T1). The
equation governing this behavior as a function of the time t after its

displacement is:

Mz = Mo(l - e-t/Tl) (2, 3)

Mz| Mo-moomeooo =

Fig (2.4) T1 Processes curve

T1 is the time to reduce the difference between the longitudinal

magnetization (MZ) and its equilibrium value by a factor of e

y4

T

N y

Fig (2.5) longitudinal magnetization (MZ)

If the net magnetization is placed along the -Z axis, it will gradually

return to its equilibrium position along the +Z axis at a rate governed by



T1, The equation governing this behavior as a function of the time t after
its displacement is:

Mz = Mo( 1- ZG'UTl )

M.

Fig (2.6) T1 equation

Again, the spin-lattice relaxation time (T1) is the time to reduce the
difference between the longitudinal magnetization (MZ) and its
equilibrium value by a factor of e.

2.7 Precession

If the net magnetization is placed in the XY plan

y4

¥ 3

/>K

X y

Fig (2.7) Precession

it will rotate about the Z axis at a frequency equal to the frequency of the
photon which would cause a transition between the two energy levels of

the spin. This frequency is called the Larmor frequency.

6



2.8 T2 Processes

In addition to the rotation, the net magnetization starts to de-phase
because each of the spin packets making it up is experiencing a slightly
different magnetic field and rotates at its own Larmor frequency.

Longer the elapsed time, the greater the phase difference. Here the net
magnetization vector is initially along +Y. For this and all de-phasing
examples think of this vector as the overlap of several thinner vectors

from the individual spin packets

/>-&

X Yy

Fig (2.8) T2 Processes
The time constant which describes the return to equilibrium of the
transverse magnetization, MXY, is called the spin-spin relaxation time,
T2.

Mxy =Mxyo €12 — (24

MXY

Fig (2.9) T2curve
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T2 is always less than or equal to T1. The net magnetization in the XY
plane goes to zero and then the longitudinal magnetization grows in until
we have Mo along Z

x.v

Fig (2,10) Mo along Z

Any transverse magnetization behaves the same way. The transverse
component rotates about the direction of applied magnetization and de-

phases. T1 governs the rate of recovery of the longitudinal magnetization.

In summary, the spin-spin relaxation time, T2, is the time to reduce the
transverse magnetization by a factor of e. In the previous sequence, T2
and T1 processes are shown separately for clarity. That is, the
magnetization vectors are shown filling the XY plane completely before
growing back up along the Z axis. Actually, both processes occur
simultaneously with the only restriction being that T2 is less than or equal
to T1.

Two factors contribute to the decay of transverse magnetization.
1-molecular interactions (said to lead to a pure T2 molecular effect)

2-Variations in Bo (said to lead to an inhomogeneous T2 effect

The combination of these two factors is what actually results in the decay

of transverse magnetization. The combined time constant is called T2 star

8



and is given the symbol T2*. The relationship between the T2 from
molecular processes and that from in-homogeneities in the magnetic field

is as follows:

1/T2* = 1/T2 + 1/T inhomo. (21 5)

2.9 NMR Spectroscopy
The Time Domain NMR Signal

As transverse magnetization rotates about the Z axis, it will induce a
current in a coil of wire located around the X axis. Plotting current as a
function of time gives a sine wave. This wave will decay with time
constant T>*. due to de-phasing of the spin packets. This signal is called

free induction decay (FID).

M,

Fig (2,11) My free induction decay (FID).
2.11 Chemical Shift

When an atom is placed in a magnetic field, its electrons circulate about
the direction of the applied magnetic field[4]. This circulation causes a
small magnetic field at the nucleus which opposes the externally applied
field.

The magnetic field at the nucleus (the effective field) is therefore

generally less than the applied field by a fraction o.

B =Bo (1-0) (2, 6)




The electron density around each nucleus in a molecule varies according
to the types of nuclei and bonds in the molecule. The opposing field and
therefore the effective field at each nucleus will vary. This is called the

chemical shift phenomenon.

Consider the methanol molecule.

ABO

Fig (2.12) chemical shift phenomenon of the methanol molecule.

Resonance frequencies of two types nuclei in this example are differ. This
difference will depend on the strength of the magnetic field, Bo, used to
perform the NMR spectroscopy. The greater value of Bo, the greater the
frequency difference. This relationship could make it difficult to compare
NMR spectra taken on spectrometers operating at different field

strengths. The term chemical shift was developed to avoid this problem.

The chemical shift of a nucleus is the difference between the resonance
frequency of the nucleus and a standard, relative to the standard. This

quantity is reported in ppm and given the symbol delta, d.

8 = (v - vrer) X108 / vrer 2,7

10



In NMR spectroscopy, this standard is often tetra methylsilane,
abbreviated TMS. In the body there is no TMS, but there are two primary
hydrogen containing substances, water and fat. The chemical shift

difference between these two types of hydrogen's is approximately 3.5

ppm.

2.12 Fourier Transforms

A detailed description of the Fourier transform (FT) has waited until now,
when you have a better appreciation of why it is needed. A Fourier
transform is an operation which converts functions from time to
frequency domains. An inverse Fourier transform (IFT) converts from the

frequency domain to the time domain.
2.13 Imaging Principles

Magnetic resonance imaging is an imaging modality which is primarily
used to construct pictures of the NMR signal from the hydrogen atoms in
an object. In medical MRI, radiologists are most interested in looking at
the NMR signal from water and fat, the major hydrogen containing

components of the human body.

The principle behind all magnetic resonance imaging is the resonance
equation, which shows that the resonance frequency v of a spin is

proportional to the magnetic field, Bo, it is experiencing.

v=vBo (2,)

vy 1s the gyromagnetic ratio.
2.14 Magnetic Field Gradient

A magnetic field gradient is a variation in the magnetic field with respect

to position. A one-dimensional magnetic field gradient is a variation with

11



respect to one direction, while a two-dimensional gradient is a variation
with respect to two. The most useful type of gradient in magnetic
resonance imaging is a one- dimensional linear magnetic field gradient. A
one-dimensional magnetic field gradient along the x axis in a magnetic
field, Bo, indicates that the magnetic field is increasing in the x direction.

Here the lengths of the vectors' represent the magnitude of the magnetic

| —
1]

Field Gradient

v

Fig (2.13) the magnitude of the magnetic field.

The symbols for a magnetic field gradient in the X, y, and z directions are
Gx, Gy, and G..

2.15 Frequency Encoding

The point in the center of the magnet where (x,y,z) =0,0,0 is called the
iso-center of the magnet. The magnetic field at the iso-center is B, and
the resonant frequency is vo. If a linear magnetic field gradient is applied
to our hypothetical head with three spin containing regions, the three
regions experience different magnetic fields. The result is an NMR
spectrum with more than one signal. The amplitude of the signal is

proportional to the number of spins in a plane perpendicular to the

12



gradient. This procedure is called frequency encoding and causes the

resonance frequency to be proportional to the position of the spin.
v=7(Bo+XGx)=vo+vyxGx
X=(v-vo)/(yGx)

2.16 Back Projection Imaging

Back projection is an extension of the frequency encoding procedure just
described. In the back projection technique, the object is first placed in a
magnetic field[5]. A one-dimensional field gradient is applied at several
angles, and the NMR spectrum is recorded for each gradient. For
example, say you wished to produce an YZ plane image of an object. A
magnetic field gradient in the +Y direction is applied to the object and an

NMR spectrum is recorded.
2.17 Slice Selection

Slice selection in MRI is the selection of spins in a plane through the
object. The principle behind slice selection is explained by the resonance
equation. Slice selection is achieved by applying a one-dimensional,
linear magnetic field gradient during the period that the RF pulse is
applied. A 90° pulse applied in conjunction with a magnetic field gradient
will rotate spins which are located in a slice or plane through the object.
Picture what this would look like if we had a cube of small net

magnetization vectors.
2.18 Imaging Hardware

MRI scanners have evolved considerably since the first commercial units

were introduced in the 1980s.

13



The graphics window displays a schematic representation of the major
systems on a magnetic resonance imager and a few of the major

interconnections.

SHIELD|

Fig (2.14) Imaging Hardware

At the top of the schematic representation you will find the components

of the imager located in the scan room of a magnetic resonance imager.
2.19 Magnet

The imaging magnet is the most expensive component of the magnetic
resonance imaging system. Most magnets are of the superconducting
type. This is a picture of a first generation 1.5 Tesla superconducting
magnet from a magnetic resonance imager. A superconducting magnet is

an electromagnet made of superconducting wire.

14



Fig (2.15) MRI Device

2.20 Gradient Coils

The gradient coils produce the gradients in the B, magnetic field[6]. They
are room temperature coils, which because of their configuration, create
the desired gradient. Since the horizontal bore superconducting magnet is

most common, the gradient coil system will be described for this magnet.

X Gradient Coil
Gy

Fig (2.16) x Gradient coil

15



Y Gradient Coil

(15

i

4 4
B, Y

Fig (2.17) Y gradient

Z Gradient Coil

G,
R —
B B
X
2
B, Y

Fig (2.18) z Gradient coil

2.21 RF Coils

RF coils create the B: field which rotates the net magnetization in a pulse

sequence. They also detect the transverse magnetization as it precesses in
the XY plane.

16



RF coils can be divided into three general categories;
1) Transmit and receive coils,

2) Receive only coils, and

3) Transmit only coils.

2.22 RF Detector

RF detectors[7]. on MRI systems have evolved considerably since the
1980s. Initially, linear analog detectors and single channel digitizers were
used. These were replaced with quadrature analog detectors with two
channel digitizers. With the more recent availability of fast digitizers,
single channel digitizers followed by digital quadrature detection is more

common.
2.23 Safety

| am often asked, how safe is MRI? As with every piece of technology,
there are risks and benefits. Those pieces of technology in wide use
generally have a high benefit to risk ratio, while those with a low benefit
to risk ratio are generally used more sparingly. Although MRI does not
use ionizing radiation to produce images there are still some important
safety considerations which one should be familiar with. These concern
the use of strong magnetic fields, radio frequency energy, time varying

magnetic fields, cryogenic liquids, and magnetic field gradients.
2.24 Phantom

An MRI phantom is an anthropogenic object that can be imaged to test
the performance of the magnetic resonance imaging system. Phantoms
are used instead of a standard human because it is much easier to locate a

phantom standard at each of the many MRI systems in the world then it is

17



to send the standard human from site to site to be imaged. Phantoms are
composed of materials that have a magnetic resonance signal. Many
materials have been used as the signal bearing substance in MRI
phantoms[8]. Some of these are aqueous paramagnetic solutions; pure
gels of gelatin, agar, polyvinyl alcohol, silicone, polyacrylamide, or
agarose; organic dapped gels; Para magnetically dapped gels; and reverse

micelle solutions.

Water is most frequently used as the signal bearing substance in an MRI
phantom. It is usually necessary to adjust the spin-lattice (T1) and spin-
spin (T2) relaxation times of aqueous solutions so images may be
acquired in reasonable time periods (i.e. short TR). Paramagnetic metal
ions are typically used to adjust the relaxation times of the water
hydrogen's. The approximate functional form of the T1 and T values of
aqueous solutions of various paramagnetic species at 1.5 T are listed

below.
2.24.1 Aqueous Nickel

Tis) = 1/(632 [Ni (mole/L)] +0.337)
To(s) = 1/(691 [Ni (mole/L)] + 1.133)

Nickel in 10 wt. % gelatin

Tis) = 1/(732 [Ni (mole/L)] +0.817)
T2(s) = 1/(892 [Ni (mole/L)] + 4.635)

2.24.2 Aqueous Oxygen

Ta(s) = 1/(0.013465 [O2 (mg/L)] + 0.232357)

18



2.24 3Aqueous Manganese

Ti(s) = 1/(5722 [Mn (mole/L)] +0.0846)
T(s) = 1/(60386 [Mn (mole/L)] + 3.644)

2.24.4 Aqueous Copper

Ti(s) = 1/(606 [Cu (mole/L)] +0.349)
T2(s) = 1/(850 [Cu (mole/L)] + 0.0357)

Here are four basic types of MRI phantoms: resolution, linearity,
homogeneity, and signal. The latter is used to affirm the signal or some
measurable property from the signal that results from a pulse sequence.
Examples of this type are a T: phantom and a diffusion coefficient
phantom. Homogeneity phantoms can be used to measure both the RF
and B, homogeneity. Resolution, linearity, and homogeneity can be used
to measure the B, homogeneity, but they allow the measurement of
homogeneity to be made differently than in the homogeneity phantom.

The following paragraphs describe the differences in more detail.
2.24.5 Resolution and Linearity Phantoms

A resolution and linearity phantom can be used to test several spatial
properties of an imager. These spatial properties include in-plane
resolution, slice thickness, linearity, and the signal-to-noise ratio as a
function of position. Resolution phantoms are typically constructed from
plastic. Portions of the inside of the phantom are removed to create a test
pattern. The phantom is filled with an aqueous solution. When imaged,
the image displays the signal from the water in the removed portions of
the plastic. Some resolution phantoms also have signal standards with
known Ti, Tz, and p values that allow the phantom to be used to test

contrast-to-noise ratios.
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Here is an example of a resolution phantom.

Fig (2.19) resolution phantom

2.24.6 Homogeneity Phantoms

Homogeneity phantoms are used to test the spatial uniformity of the static
magnetic field, as well as transmit and receive radio frequency magnetic
fields. Let us first address their use for monitoring the homogeneity of the

B, magnetic field.
The NMR spectral line width (I') of a single spin packet equals
I'=(nT)™

Because thereby definition a uniform applied magnetic field. As the

volume of the signal bearing material increases, the line width becomes

I =(nT*)"
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Because the magnetic field varies from location to location r. The smaller
this variation made smaller distortion in the image. A high resolution
NMR spectrometer can have a line width of 0.5 Hz for sample ina 5 mm
NMR tube. In a clinical imager, the variation in B, across a 27 cm
diameter spherical phantom filled with water causes the NMR line width
from the phantom to be 30 to 40 Hz. This is because there is a broad
distribution of resonance frequencies for all the spin packets in the
sample. The width of absorption line for a large volume phantom is
therefore a measure of the distribution of magnetic field values across the

volume of the phantom.

Homogeneity phantoms are also used to test the spatial uniformity of
transmits and receives radio frequency magnetic fields. The transmit RF
field (B17) is the B; field is that used to rotate magnetization. The receive
RF field (B1r) is the sensitivity of the RF coil to signals from precessing
spin packets. The ideal situation for most transmit/receive coils is a
spatially uniform Bir to assure uniform rotation of the spins, and a
spatially uniform Bir to assure uniform sensitivity across the imaged

object. Here is a picture of a 27 cm diameter homogeneity phantom.

Fig (2.20) homogeneity phantom
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2.24.7 Diffusion Phantoms

Diffusion phantoms are phantoms which can be used to test the
performance of a diffusion imaging sequence. Some consist of vials of

liquids with different diffusion coefficients[9].

Since the solution is isotropic, the phantom will yield the same diffusion
coefficient in X, y, and z. Geometrical diffusion phantoms rely on special
geometries to create anisotropic diffusion. For example, a set of parallel
tubes will have unrestricted diffusion along the axis of the tube, and
restricted diffusion along a diameter of the tube. Parallel plates will have
unrestricted diffusion parallel to the plates, and restricted diffusion
perpendicular to the plates. One diffusion phantom contains hydrated
parallel fibers[10].

2.24 .8 Fat-Saturation Phantoms

Fat saturation phantoms consist of liquids with two chemical shifts, one
for water and one for fat. These are usually oil-water emulsions. Since
body fat contains multiple peaks, better fat saturation phantoms contain

oils with multiple peaks similar to body fat[11].
2.24.9 T1 and T2 Phantoms

Ty and T2 phantoms contain liquids with specific T1 and T2 values. These

liquids are usually aqueous solutions of paramagnetic materials.
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Chapter three

3. Previous Studies

3.1Advanced MR technique development for improved characterization
of multiple sclerosis (Metcalf et al 2008)

Magnetic resonance imaging (MRI) provides many ways to study human
brain anatomy as well as advance our understanding of brain structure,
function, and processes that occur with disease. This dissertation project
investigated the clinical utility of new and existing MRI techniques to the
study of changes that occur in the brains of patients with multiple
sclerosis (MS). The new MRI techniques were developed and tested with
the goal of attaining more sensitive methods for disease detection than
those that are currently available to clinician scientists. These new
bioengineering developments included both novel MR acquisition and
data analysis techniques for improved non-invasive, quantitative

assessments of multiple sclerosis disease processes.

There are many quantitative MRI methods that can be used to detect
tissue differences in patient populations when compared to controls. This
dissertation research probed the utility of volumetric measurements, T1-
relaxation times, and diffusion tensor imaging (DTI) metrics to detection

of tissue damage and disease in early stage MS.

It was determined that T1-relaxation and DTI measures of mean
diffusivity (Dav), fractional anisotropy (FA), and transverse diffusion
(EvT) were sensitive enough to detect brain tissue changes at the earliest
presentation of disease. Although volume measurements were not
different as a group at presentation, atrophy was detectable via volumetry
at one-year post baseline. Additionally, DTl measures were able to
predict this change, an indication of a causal relationship between

microscopic damage and overall tissue loss. The diffusion technique
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development and high field MRI methods demonstrated the feasibility to
collect images with advantages in image quality, signal to noise (SNR),
resolution, and ability to detect disease over what was previously
available. These developments provide the platform for future work in
MRI and its application in MS to better characterize disease[12].

3.2lmplementation Of Dixon Methods For Preclinical Mr
Imaging At High Fields Radim 2015:

Preclinical magnetic resonance (MR) imaging in small animals is a very
popular procedure that requires a higher sensitivity, given the small size
of the subjects. A higher sensitivity can be reached when an MR imaging
system with a high magnetic field is used (e.g., 4.7 T or higher). The
benefits of such sensitivity include, for example, a higher resolution, an
improved signal-to-noise ratio (SNR), an increased chemical shift, and a
longer T1 longitudinal relaxation time. On the other hand, a high field
causes stronger static magnetic field deformation along the borders
between tissues with different susceptibilities, and it also results in the
shortening of the T2 transversal relaxation. Adipose tissue is significantly
contained in the human (or mammal) body and is primarily used to store
energy in the form of fat. This tissue can be classified into white and
brown subsets. Brown adipose tissue is found mainly in new-born
children, and a certain (yet very small) amount of such tissue can be
traced also in adults. White adipose tissue then ensures the storage of fat
as a source of energy. Furthermore, white adipose tissue produces
adipokines, hormones, and many other substances important for
metabolism. Generally, fat can be regarded as a biomarker in the case of
specific diseases (obesity, steatosis — fatty liver disease, and others).
Thus, the quantification of fat is a precondition for correct diagnosis. MR
imaging comprises a special group of methods for water-fat separation;
these methods are referred to as Dixon methods and utilize the principle
of chemical shift. In this thesis, a new T2 — weighted sequence for Dixon
acquisition is introduced (Chapter 4). The proposed sequence is a very
time-effective three-point (3PD) method. The newly proposed sequence
of fast triple spin echo Dixon (FTSED) is derived from the original fast
spin echo sequence (FSE). Such modification of the original FSE
sequence leads to a novel FTSED sequence, where three images are
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acquired simultaneously without any increase of the total acquisition
time. The discussed sequence was successfully implemented on a 9.4 T
MR imaging system at the Institute of Scientific Instruments, ASCR
Brno. The acquired data were calculated through the use of the IDEAL
(iterative decomposition of water and fat with echo asymmetry and least-
squares estimation) algorithm. The results of the computation are water
and fat images, and the fat fraction (FF) can be calculated from these. The
sequence was successfully tested in a rat. The successful FTSED
implementation on a 9.4 T MR imaging system enables this method to be
used in low-field MR imaging systems[13].

3.3 MRIlin the Prediction and Diagnosis of Pediatric
Onset MultipleSclerosis: Insights from Children with Incid
ent CNS Demyelination Leonard Herman Verhey,2012:

An acute demyelinating syndrome (ADS) in a child may be a monophasic
illness or may represent the incident attack of multiple sclerosis (MS) —
an inflammatory demyelinating neurodegenerative disorder affecting the
brain, spinal cord and optic nerves. The central objective of this
dissertation was to identify MRI parameters present at ADS that predict
MS diagnosis. A scoring tool was first created containing 14 parameters
identified from the literature and demonstrating substantial inter-rater
agreement (Cohen’s kappa values >0.6).

Children aged <16 years were enrolled at incident ADS and are currently
followed for five years at 23 Canadian centers. Standardized MRI scans
were acquired at onset and serially. MS was defined based on the
occurrence of a second demyelinating attack or MRI evidence of new
lesions in accordance with McDonald criteria for dissemination in time.
Multivariable Cox proportional hazards regression models were used to
identify MRI parameters that predicted MS diagnosis. Over 1100 MRI
scans in 284 children with ADS were evaluated. To date, 57(20%)
children have been diagnosed with MS. For those that developed MS, the
median (IQR) time from incident attack to diagnosis was 6.2 (4.7-11.1)
months. The presence of >1 T1-hypointense lesion (HR 20.6, 95% ClI
5.5-78.0) and >1 T2 periventricular lesion (3.3, 1.3-8.8) were associated
with an increased likelihood for MS diagnosis (sensitivity 84%,
specificity 93%, PPV 76%, NPV 96%). The predictive parameters were
validated in an independent Dutch cohort of 45 children with ADS (n=15,
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33% MYS): sensitivity 93%, specificity 87%, PPV 78%, NPV 96%.
Finally, it was determined that the 2010 McDonald criteria are applicable
for diagnosis of pediatric-onset MS diagnosis in older children with non-
ADEM presentations. The work embodied herein emphasizes the value of
MRI in predicting MS diagnosis in children with incident ADS.

Early identification of children with MS is important for planning
clinical care and will be valuable in future pediatric MS treatment
trials[14].

3.4 Quantification of Fat Content and Fatty Acid Composition Using
Magnetic Resonance Imaging Pernilla Peterson,2013:

In obesity and several other disease scenarios, the measurement of fat
accumulation in various organs and tissues has become a sought-after
technique in clinical diagnostics and research. Especially, quantitative
and non-invasive techniques which also provide images of accumulated
fat throughout the body would be valuable. In the typical hospital,
magnetic resonance imaging (MRI) is the only technique available which
has the potential for these types of measurements and out of techniques
suggested, Water/Fat Imaging is particularly promising. Water/Fat
Imaging is based on the separation of water and fat, the two main
contributors to the MRI signal, with the use of the frequency separation
between their signals. The field has inspired a wide range
of research and is by now well established, especially for investigations
of fatty liver.

However, in this and several other applications there is a continued need
for method development. The fat concentrations in skeletal muscle are
expected to be very low. Thus, for this application, there is an increased
demand for measurement precision. The results presented in this thesis
indicate that fat concentrations below 1 % are possible to measure using
Water/Fat Imaging. In addition, precision may be increased using a
higher flip angle if a pure fat reference is used for quantification, without
compromising quantification accuracy. (Papers | and Il) Water/Fat
Imaging has become an appreciated technique for abdominal applications
in which breath-hold is necessary for acceptable image quality. The use
of a bipolar acquisition scheme may be used to reduce the total scan time,
but is associated with issues which are detrimental to fat quantification.
Using a built-in correction approach, it is demonstrated that accurate and
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noise efficient fat quantification is possible using a bipolar acquisition.
(Paper 111) The basic ideas of Water/Fat Imaging may be extended to not
only quantify the fat concentration, but also the fatty acid composition. In
this thesis, a reconstruction algorithm is suggested and its accuracy is
demonstrated in a wide range of fat concentrations and fatty acid
compositions. In addition, a number of potential sources of bias are
investigated. Out of these, accurate modeling of the individual T2 values
of fat and water is especially important in fat/water mixtures, whereas
some T1 weighting may be allowed with small impact on quantification
accuracy[15].
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Chapter four
4. Fat suppression

4.1 Chemical shift
4.1.1 Introduction:

Shortly after the first observation of the NMR phenomenon,
physicists discovered that all protons didn’t exhibit exactly the same
Larmor frequency when submitted to the same external magnetic field.
For instance, if hydrogen nuclei of hydrocarbon resonate at 40MHz, the
hydrogen nuclei of water would be characterized by a Larmor frequency
that differs from the hydrocarbons by approximately 10 Hertz. Since it
was difficult to explain these differences by variations in the
magnetogyric ratio, the origin of the phenomenon was attributed to local

variations of external field B,.

The frequency shift experienced by a given kind of proton depends on the
external field strength through a refined form of the Larmor frequency

which includes the 'screening effect'

F = gamma. (1-sigma). B, 4,1).

Gamma is the magnetogyric ratio (42,575,900 Hz/T for *H) and sigma is

called the screen constant.

The frequency different between —CH2- and H20 in muscles observed at
1T is 142Hz. This difference will be 284Hz at 2 T.

Chemical shift between two peaks is defined as the distance between a
reference peak and the peak under study. The distance is measured in
parts per million (ppm) with respect to a reference. In the case of muscle,
if we suppose that a reference compound is resonating compound is

resonating at 42,575,900 Hz, the chemical shifts are:
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42,575,955—-42,575,900

CH2 ( 42575900 = 1.3 ppm 4,1, 2)
. 42,575,100—42,575,900 __
H20: 42.575.900 = 4.6ppm 4,1, 3)

Note that if the chemical shifts are measured in ppm, then they are
dependent on the field strength[16].
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Fig (4.1) Chemical shift graph between water and lipids[17]
4.2 Techniques of Fat Suppression

The Magnetic Resonance (MR) signal used to create MR images is
induced by hydrogen nuclei. All hydrogen nuclei in the object being
imaged (i.e. the subject) contribute to the MR signal but for many of

these nuclei (e.g. hydrogen nuclei on fatty acid chains in cell membranes)

29



their contribution decays too quickly to contribute to the measured signal.
The actual signal is composed mainly of contributions from hydrogen
nuclei residing on water molecules and fat molecules in adipose tissue. In
this article these hydrogen nuclei will be referred to as “water spins” and
“fat spins”, respectively. The net effect of these spin groups are an
induced effective magnetic field or magnetization. The magnetization for
these groups will be referred to here as water magnetization and fat
magnetization, respectively. The signal generated by each of these

magnetizations will be referred to as water and fat signals, respectively.

There are many situations in clinical MRI where it is desirable to remove
the fat contribution from the total MR signal without affecting the water
signal. Fat suppression techniques can be used to enhance tissue contrast
and lesion conspicuity, to determine if the tissue of interest has high or
low lipid content and to remove artifacts. Specific examples include
suppression of the marrow signal from around joints and in vertebrae and
the suppression of the fat signal in the orbits to better differentiate tissues
of interest (cartilage and ligaments, bone metastases, optic nerve, etc.)
from surrounding fatty tissue. Suppression of hyper intense fat signals
may also be useful in post contrast images where lesions may appear
bright.

To suppress the fat signal for a given MR sequence a fat suppression
module is typically inserted at the beginning of an otherwise normal MRI
sequence. To prepare the signal such that the fat contribution is as small
as possible, without perturbing the water signal, one or more of the

following properties is exploited:

1. Fat and water have different resonant frequencies,

2. They have different Larmor Precession frequencies and
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3. They have different T1 relaxation time

The water signal has identical contributions from its two hydrogen atoms.
Fat signals can have contributions from many in equivalent hydrogen
atoms (e.g. CH3, CH2, CH=CH, etc.) each of which will have distinct
resonance frequencies. The most important fat resonance peaks occur at
frequencies between 3.3 and 3.5 ppm lower than the water resonance
peak. The signal from the CH2 groups in the aliphatic chain gives the
strongest peak and it occurs 3.35 ppm lower than water [18], which
corresponds to a frequency of 214 Hz lower than the water resonance
frequency at 1.5 T and 428 Hz lower at 3.0 T.

A number of quite different fat suppression techniques are available, each
with its own advantages and disadvantages. The rest of this article
provides of an explanation of the following fat suppression techniques: 1)
Spectral Fat Saturation, 2) STIR, 3) SPIR, 4) the Dixon method and 5)

water excitation.
Fat saturation

Fat saturation is also known as FATSAT or CHESS. In contrast to STIR,
fat saturation techniques rely on the molecule-specific chemical shift of
fat.

It is assumed that all fat protons are chemically shifted approximately

1.3 ppm, i.e. the chemical shift of the fat bulk methylene protons
(resonance B in fig. 3.4). Fat saturation is achieved by applying a
selective 90c saturation pulse, tuned to the methylene resonance
frequency, before proceeding with a nonselective excitation pulse [19].
The saturation pulse is amplitude modulated to obtain a narrowband

frequency response centered around 1.3 ppm, in order not to saturate the
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water protons, which precess faster and have a chemical shift of 4.7 ppm.
After the saturation pulse, a gradient may be applied to spoil the

transversal magnetization of the fat protons [20, 21].

In particular, this is necessary if the excitation pulse is smaller than 90-.
Fat saturation can be added to most pulse sequences. In general,
narrowband pulses have long duration. Typically, some milliseconds are
added to the TR.

Unlike STIR, fat saturation can be combined with the use of contrast
agents. The main disadvantage is the sensitivity to BO inhomogeneity,
which causes resonance frequency shifts of all protons. This may result in
local failure of the fat suppression or even inadvertent suppression of
water signal. At higher field strengths, inhomogeneity of the rotating B1
field may also be a problem. This can be avoided by using of adiabatic
pulses, which are amplitude- and frequency modulated pulses insensitive

to B1 inhomogeneity [22].
Even if fat saturation is specific to protons in fat, not all fat signal can be

suppressed. For instance, olefin protons (—CH = CH-—; resonance J in

fig.(4.2) have a chemical shift of ~ 5.3, close to that of water protons [2].
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fig.(4.2) olefin protons saturation

Spectral Fat Saturation:

With this form of fat suppression the fat resonance is excited selectively
and then the signal is “spoiled” using gradient pulses. The fat spins are
initially tipped into the transverse plane using a special 90° pulse that
affects only the fat spins. After the RF pulse, the fat spins are aligned
perpendicular to the main magnetic field, BO, while the water spins are
still parallel to BO. If a signal were to be measured at this point it would
have contributions from fat spins only. However, spoiler gradient pulses
are used to diphase the fat spins causing the fat signal to decay to zero
without affecting the water spins, which are still in equilibrium. At this

point, the fat signal is said to be “saturated”. The fat signal has been
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suppressed and a standard MR sequence can now be initiated. The

resulting image should, in principle, have no contribution from fat spins.

In order to take advantage of the different resonant frequencies for fat and
water molecules, the overlap of their spectral peaks must be as small as
possible. This involves both maximizing the frequency difference
between the peaks and minimizing the spread of the peaks. The main fat
resonance peak is at a frequency which is lower than the water resonance
frequency by 3.35 ppm [18](i.e. 214 Hz at 1.5 t and 428 Hz at 3.0 T). As
the magnetic field increases the frequency difference between the two
resonances also increases. Consequently, fat suppression techniques
based on this property tend to work better at higher magnetic field
strengths. The width of the peaks should, in principle, be a reflection of

the distribution of magnetic environments inherent to the subject.

However, the observed distribution of resonance frequencies, as given by
the width of the measured resonance peak, may be dominated by in
homogeneities of the applied magnetic field rather than the magnetic field
distribution inherent to the subject, although both contribute. On low field
systems or poorly shimmed magnets the width of the resonance peaks
may be large compared to their separation resulting in substantial overlap
of the fat and water resonance peaks. Under these conditions, fat
saturation does not suppress the fat signal very well. Spectral fat
saturation does not work well on low field systems or poorly shimmed
magnets. Conversely, at high fields and/or on well shimmed magnets the
fat and water resonance peaks do not overlap, leading to good fat
saturation. The homogeneity of the magnetic field, and therefore the
quality of the fat suppression, is normally also better near the iso-Centre

of the magnet.
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The RF pulse used in Spectral Fat Saturation must be designed to excite
only fat spins. The central frequency of the RF excitation must be lower
than the water resonance frequency by 3.35 ppm (214 Hz at 1.5 T and
418 Hz at 3.0 T). The frequency range excited, or spectral bandwidth (not
to be confused with readout bandwidth), must also be carefully selected
so that only fat spins are excited. Note that both the central frequency
offset relative to the water resonance frequency and the spectral band
width of the fat excitation pulse change with the magnetic field strength
used. The quality of the fat saturation also deteriorates if the flip angle of
the rf pulse is different at different positions in the subject unless an
adiabatic spectrally selective RF pulse is used. Adiabatic pulses are

specifically designed to be insensitive to RF spatial no uniformity.

For sequences with multiple repetitions (e.g. a conventional spin echo or
gradient echo sequence) the fat suppression must typically be applied
before each repetition, unless TR << T1fat, as may be the case with some
gradient echo sequences. To compensate for regrowth of the fat signal
during the sequence a tip angle greater than 90° can sometimes be used

for the initial fat excitation pulse.
STIR (Short TI Inversion Recovery or Short Tau Inversion Recovery):

STIR is an inversion recovery sequence where the value of the inversion
time, TI, is chosen such that the fat signal does not contribute to the
resulting image [23]. With this fat suppression technique the total signal
(fat and water) is initially inverted (i.e. flip angle = 180°) and allowed to
relax back to equilibrium via T1 relaxation. The inversion RF pulse
causes spins initially parallel to the main field to become oriented anti-
parallel to the main field (i.e. the initial magnetization, MO, becomes —

MO). As the spins relax back to their equilibrium configuration (with the
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magnetization parallel to the main field) the signal for each spin group
will evolve from a negative signal, through zero (i.e. the null point), to a
positive signal, at a rate which is determined by the T1 of the spin group.
Since at 1.5 T, T1fat = 260 ms [24] and for most other tissues T1 > 500
ms [22], the null point for the fat signal will occur much sooner than for
other tissues. The actual T1 values vary with magnetic field strength but
this general trend is maintained. At the fat null point the fat signal will be
zero but the signal for the other tissues will normally be non-zero.
Therefore, if a standard MRI sequence is started when the fat signal is at

its null point then the fat spins will not contribute to the resulting image.

In principle, the fat null point will be reached when TI = T1fat*In2 = (260
ms)*0.693 =180 ms at 1.5 T [25].

In practice, the optimal value will also depend on other sequence

parameter settings (e.g. TR); typically

Tl is chosen to be less than the theoretical null point (e.g. 150 ms at 1.5
T). TI will also depend on field strength since T1fat increases with field

strength.

Since STIR is an IR technique, the resulting fat suppressed image will be
inherently T1-weighted; however, the T1-contrast will be inverted (unless
signal phase is considered) relative to conventional T1-weighting: tissues
with a short T1 will appear dark while tissues with a long T1 will be
bright. All signals will relax during the TI period so the resulting tissue
signals will be smaller by the amount these tissues relax during this time.
For example, if TI = 180 ms and T1tissue = 700 ms then the magnitude of
the tissue magnetization at Tl (i.e. the start of the image acquisition) will
be |-0.55M0| or 55% of its full value. T1fatis normally much shorter than

the T1 of other tissues but this is not always the case (e.g. sub-acute
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hemorrhage). When T1fat=Tltissue the signal from that tissue will also

be substantially suppressed when

STIR fat suppression is used. T2-weighting can also be introduced, if

desired, by using a moderate to long TE. The T2 contrast is not inverted.

One disadvantage of STIR is its relatively long acquisition time, even
with interleaved IR, since TR must be longer than for conventional T1-
weighted acquisitions to give the spins enough time to recover. STIR is
also sensitive to spatial non uniformity of the applied RF pulse (unless an
adiabatic rf pulse is used). If the strength of the RF pulse varies from one
position to another within the subject then the tip angle of the inversion
pulse, and the quality of the fat suppression, will also vary with position.
However, STIR is insensitive to inhomogeneity of the main static
magnetic field, BO. Unlike spectral fat saturation, STIR works well even

on low field systems and poorly shimmed magnets.
SPIR (Spectral Pre-saturation with Inversion Recovery):

SPIR is a fat suppression technique that makes use of both selective
excitation of the fat signal and T1lrelaxation. As with STIR, an inversion
rf pulse is used, but unlike STIR, this pulse is designed to excite only the
fat spins. This is similar to the situation with Spectral Fat Saturation
except that the spectrally selective RF pulse in STIR is an inversion pulse
which causes the fat magnetization to tip through 180° (i.e. to be anti-
parallel to the main magnetic field) without affecting the water signal.
After the inversion, the fat spins evolve back to their equilibrium
orientation parallel to the main field. As they pass through the fat null
point (i.e. when the fat signal is zero) a conventional MR sequence is

initiated.
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The resulting image will be fat suppressed. The TI value at which fat is
nulled will, in principle, be the same as for STIR; however, when other

sequence parameters are considered the optimal setting may be different.

Although the implementation of STIR and SPIR may seem similar the
resulting images are significantly different. SPIR has several important
advantages over STIR. SPIR fat suppression does not cause inherent T1-
weighting since the water spins are not affected (i.e. inverted) by the fat
suppression procedure. The MR sequence that follows the fat suppression
module can, in principle, be any conventional MR sequence. If the
acquisition parameters for this sequence are set to create T1-weighting,
the contrast is not inverted as it would be with a STIR sequence. SPIR
also has inherently higher pixel intensities than STIR for tissues that do

not contain fat. Furthermore, signals from tissues

with T1 values that are close to that of fat, such as contrast enhanced

tissues, will not be suppressed, as they would be with STIR.

Disadvantages of SPIR are that 1) it requires good separation of the fat
and water resonance peaks 2) it is sensitive to RF pulse spatial non
uniformity (i.e. flip angle changing with position) and 3) it lengthens the
exam time significantly relative to a similar acquisition without fat
suppression. On low field systems or poorly shimmed magnets the fat and
water resonances may overlap making it impossible for the spectrally
selective RF pulse to excite only fat spins. SPIR also requires that the
inversion pulse be the same for all fat spins in the slice. If the intensity of
the RF pulse varies spatially (i.e. poor B1 uniformity)there will be a range
of tip angles and fat suppression will be better in some parts of the image
than in others. Sometimes SPIR is implemented with an adiabatic

spectrally selective pulse.
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When this is the case, the SPIR fat suppression module is not sensitive to
B1 non uniformity since adiabatic pulses are specifically designed to be

insensitive to B1 non uniformity.
The Dixon Method:

The principle upon which the 2-point Dixon technique [26,27] is based is
that, since fat and water have different resonance frequencies, they will
also process in the transverse plane at different rates (i.e. they have
different Larmor precession frequencies). By adjusting the sequence
timing, the phase of the fat spins relative to the water spins in the
transverse plane can be adjusted to whatever phase angle is desired when
the signal is acquired. In the 2-point Dixon method two images are
acquired; one with the fat and water spins in-phase and the other with
them out-of-phase. These images can be obtained from separate
acquisitions or as different echoes of the same acquisition. If these two
images are added together pixel by pixel the result will be a fat
suppressed image. Conversely, if these images are subtracted the
resulting image will be water suppressed. Note that the complex pixel
intensities must be used for these calculations. If only the pixel
magnitudes are used the resulting images will be incorrect when the fat

signal coming from the voxel is stronger than the water signal.

The phase difference between the water and fat spins in the transverse
plane following an RF excitation pulse is given by A8 = 2aAf*TE where
Af is the difference in their resonance frequencies (in Hz) and TE is the
echo time (in seconds). From this equation it can easily be shown that A
= nr (i.e. the in and out of phase conditions) when TE = 2.30n ms for n =
0,1, 2, ..,since Af=217 Hz at 1.5 T. Similarly, at 3T it can be shown
that AG = nt when TE = 1.15n ms forn=0, 1, 2,... It is necessary to have
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good gradient hardware at 3T in order to achieve a double gradient echo
with TE’s of 1.15 ms (out-of-phase) and 2.30 ms (in-phase).

The discussion given in the previous paragraph applies to gradient echo
sequences. The situation with spin echo sequences are slightly more
complicated since there is both an excitation (90°) pulse and are focusing
(180°) pulse. The refocusing pulse acts to undo the de-phasing that occurs
between the two pulses such that the fat and water spins are in-phase
again at t = 21, where 1 is the time between the 90°and 180° pulses. In
this case, A0 = 2nAf*(TE - 2t), from which it can be shown that, for a
spin echo sequence, AO = nt when TE - 21 = 2.30n ms for n = 0, =1, +2,
... ,at 1.5 T and A0 = nt when TE - 2t =1.15n ms forn =0, £1, £2, ... at
30T.

The 2-point Dixon method assumes that the phases of the fat and water
spin in the transverse plane are determined exclusively by the applied
magnetic field, BO. BO inhomogeneity or other effects that could affect
the phase (e.g. susceptibility variations and eddy currents) are ignored.
Normally these effects are not important but, for cases where they cannot
be neglected, the 3-point Dixon method [29] can be used. The 3-point
Dixon method is very similar to the 2-point Dixon method except that an
extra image is required. Typically, images with A® = 0, ©, and 2r will be
obtained. The first two corresponds to the images used in the 2-point
Dixon method and the third is used to correct for miscellaneous phase
errors. The AO = 0 and 2z signals should have the same phase behavior
and any deviation from this will be due to BO inhomogeneity,
susceptibility variations, eddy current effects, etc. The phase error can be
determined from these two images and the correction applied to the AB =

0 and m images. These corrected in-phase and out-of-phase complex
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images are then added and/or subtracted to get fat and/or water

suppressed images, respectively.

One disadvantage of the Dixon methods on some systems may be
increased exam time since two (or more) images are required. However,
these images can normally be acquired at the same time using a two (or
more) echo sequence. Another disadvantage of the sequence is that the
TE values used are normally quite short so that the images do not have
T2-contrast. A benefit of the sequence is that four image sets with quite

different tissue contrast are obtained:
1) an in-phase image,

2) an out-of-phase image

3) a water only image and

4) a fat only image.

The out-of-phase images are sometimes useful particularly in abdominal
imaging, since the border between fatty and non-fatty tissues appears
dark.

This is due to destructive interference of out-of-phase fat and water
signals in voxels at these tissue boundaries. The Dixon method is

normally a very robust fat suppression technique.
Water excitation:

Fat suppression can also be done by exciting only the water spins and

leaving the fat spins unaffected.

This is normally achieved by using a special type of RF pulse known as a

binomial pulse. In fact, binomial pulses are actually a set of RF pulses

41



whose net effect is to produce a 90° pulse for the water spins and a 0°
pulse for the fat spins. These binomial pulses are a bit longer in duration
than the normal excitation pulses but since no spoiler gradient is required
and there is no delay to wait for relaxation to occur, it is a rather quick

way to achieve fat suppression.

The set of pulses that make up a binomial pulse are related by the
binomial condition and there are many possible combinations. To
illustrate how binomial pulses can be used for fat suppression, consider a
binomial pulse made up of a set of three RF pulses that induce 22.5°, 45°,
and 22.5° flip angles, respectively, with the time between the pulses set
such that the fat spins, which are off-resonance compared to the water
spins, Precess about the z-axis by 180°. In this case, the net tip angle for
the on resonance water spins is the sum of the three tip angles, which is
90°. The fat spins are tipped by 22.5°by the first RF pulse but by the time
the second RF pulse is applied they will have precessed to the other side
of the transverse plane. Thus, the net effect of the first RF pulse plus the
first delay time is equivalent to a -22.5° tip angle. The second RF pulse
then tips the fat spins through 45°; from -22.5° t022.5°. Again the
precession of the fat spins brings them to -22.5° and the final RF pulse,

with a tip angle of 22.5°, tips the fat spins back to 0°, where they started.

Note that if the tip angles are not exactly equal to 22.5°, 45° and 22.5°,
respectively, the net tip angle for the water will not be exactly equal to
90° but the tip angle for the fat spins will still be 0°, as long as the
effective tip angles are in the ratio 1:2:1. Thus, fat suppression using
binomial pulses is not sensitive to RF pulse spatial non uniformity (i.e.
flip angle changing with position). This technique primarily relies on

having the correct inter pulse delays to suppress the fat signal.
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Chapter five
5. Methodology

This study was carried out using a GE super conducting magnet operating
at1.5T.

A phantom was built specially for this study by local materials.

5.1 Materials (Of the Phantom).

In this study, fabricated phantom is used. The body of the phantom use
from local materials (distilled water, vegetable oil and bottle of poly
ethylene).

It used poly ethylene because it is stable, non-hazardous, cheap, easy to
handle and most important it mimic the real organ characteristics. The
phantom is compact and also portable that can be well suited for
reassembly in multi-center research setting.

The phantom was took shape of bottle, consist of three bottles, first bottle
filled with distilled water 350ml, second was filled with vegetable oil
350ml and the last was filled with distilled water 175ml and vegetable oil
175ml.

5.2 Procedure

Poly ethylene, distilled water and vegetable oil.
The phantom proves the validity of the pulse sequence used in the

gradient echo systems to produce fat suppression image.
5.3 Parameters

The phantom was placed at the center of the magnet 1.5T GE, and a pulse
sequence protocol was gradient echo& spin echo, was taken slice

thickness (ST) 8mm the parameters were as in .
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Table (1) Machine basic settings

niques TR TE FOV Tl
Parameter
Spin echo T2 580 88.7 | EF 33 x 30 -
Spinecho T1 100 9.3/EF 33 %30 -
T2 Flair 8802 143 | EF 33 %33 2200
STIR 3300 46.4 [EF 33 %33 1400

The parameters were selected to produce the image as shown in (figl)

below, which is spin echo pulse sequence.
Total scan time for each bottle was same (5 minute).

A region of interest (ROI) was selected 0.5cm2 which was selected in

circular shape for each image.

And the image intensity were measured by RA application (Product
information: Product: Radi-Anti Dicom viewer; Version: 2.2.5.10715

(32-hit)), the results were taken and reported in table (2).

5.4 Data Analysis

After all the scanned images were obtained, they were applied to a
computer program (Radi-Anti), reading the intensity of the images. A
region of interest (ROI) was chosen (circular area 0.5cm?) for both

phantom and patient to read the intensities of.
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Fig(5.1) the phantom consist of three bottles
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Fig(5.2) Modern Medical Center Image taken by 1.5T GE
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Chapter _Six

6. Results & Discussions
6.1 T2 image
Slice 1/10  area= .05cm?2 46 PX

Three bottles as one phantom show the intensity on table (6.1) bellow:

Water bottle Mix water &oil Oil bottle
Water Qil
mean |*SD |mean |*SD | Mean +SD | mean +SD
327.26 | 20.46 |262.8 |7.86 |165.22 4.78 |148.00 4.56
268.30 | 14.12 | 275.41 | 18.77 | 163.46 3.63 | 156.78 3.08
300.11 | 06.36 |312.50 | 11.14 | 164.24 4.40 |172.35 3.86
AVG |298.55|13.65 |283.57|12.95 |164.31 4.27 | 159.04 3.81

Table (6.1) intensities of the T2 image indifferent three bottles
which Was measure from image(6.1) collecting using T2 Weight Image.

The intensity value for the pure water was 298.55 ,+ 13.65 SD, while
the value for water and oil from the mix consequentlywas283.57, 12.95

+ SD, And this due to interaction between the two fluid in the mixture.

There is no big different between water & oil in intensities, and this not

available in medical diagnosis because need to see details.
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Figure (6.1) T2 image taken by GE MRI 1.5T in Antalya medical center

We Notice that there an artifact in the water image which is caused by

inhomogeneity of the magnetic.

The intensity of the water from the table and images are high than those
of the oil.

The difference between two intensities (of water & oil) is not large =
140, (298.55-159.04) = 139.51~ 140.

Although this difference was sufficient to show different contrast.

The chart of fig 6.2 show T2 image technique intensity for different
fluids.

The chart below show T2 image technique intensity.
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different intensities of the phantom in

T2 technique
300
250
200
150
100
50
0
water mix water | mix oil oil bottle
bottle
Series 3 0 0 0 0
Series 2 0 0 0 0
intensity| 298.55 283.57 164.31 159.04

Series 3
M Series 2

m intensity

Fig (6.2) T2 image technique chart

6.2 Sag T1 image

Slice

1/10

area= .05cm?

247 PX

Three bottles as one phantom show the intensity on table (6.2) bellow:

Water bottle | Mix water &oil Oil bottle
Water Oil
mean |*SD |mean |*SD | mean +SD | mean +SD
676.79 | 32.12 | 395.28 | 20.16 | 832.36 |16.84 | 821.64 |18.48
579.03 | 23.64 | 313.82 | 18.64 | 869.26 |19.69 | 805.79 |15.14
486.96 | 20.35 | 362.50 | 17.87 | 1011.41 | 34.10 | 1098.68 | 33.32
AVG | 579.93 | 25.37 | 357.20 | 18.88 | 904.34 | 23.54|908.70 |22.31

Table (6.2) intensities of Sag T1 image indifferent three bottles
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Intensity values in reverse order which the value from water was 579.93
.+ 25.37 SD, while value of the oil was 908.70, +22.31 SD

Notice that water bottle has high intensity (579.93, £25.31 SD) than mix
water intensity (357.20, £18.88 SD) that was due to artifact in the water

bottle caused by inhomogeneity of the magnet,

Also different between (water & oil) intensities are narrow= 330 to 550,

has low contrast.

IS0 LS el

56 4@ - Sag T1 FSE

MARWA TEST
€ 187
10/08/36 10:46:16 o
TEST F
MR: 6 series ANTALYA MEDICAL CENTER
Sag T1 FSE
{

8

| AxMERGE

v

SagTiFSE

Sag STIR:

FS: 1.3
TR: 580.0 TE: 10.3
19/08/36 10:49:56 yo

Figure (6.3) Sag T1 image taken by GE MRI 1.5T in Antalya medical center

Water in this technique seems darker than oil.
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LHiifferentintensities of the phantom
900 -
800 -
700 -
600 -
500 -
400 XXXXXX
300 1 H intensity
200 -
100 - B XXXXXXXX
0
water water oil mix oil bottle
bottle mix
XXXXXX 0 0 0 0
intensity| 579.93 357.2 904.34 908.7
XXXXXXXX 0 0 0 0

Fig (6.4) T1 image technique chart
In this chart see clearly blurring in water bottle image
6.3- Sag STIR
Area= 0.5cm, 225PX.

Three bottles as one phantom show the intensity on table (6.3) bellow:

Water bottle Mix water &oil Oil bottle
Water Oil
mean +SD | mean +SD | mean +SD | mean +SD
1056.51|6.71 |1058.36 | 15.83 | 37.03 8.75 |33.17 8.25
1047.45|7.38 | 1050.53 |08.97 | 32.47 895 |36.81 6.39
1029.96 | 8.38 | 1092.15|17.00 | 61.75 7.84 |53.85 14.97
AVG 104464 |7.49 |1067.01|13.94 |43.75 851 [41.28 9.87

Table (6.3) intensities of Sag STIR image indifferent three bottles
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We noticed that , the value in standard deviation (SD) = 14.

Notice that water bottle had high intensity (1044.64, £7.49 SD ), while
water in mixture bottle had value(1067.01, £13.94SD) different in value

refer to inhomogeneity of the magnet.

The oil bottle had low intensity(41.28, £9.87SD) ), while oil in mixture
bottle had value(43.75, +8.51SD), noticed that small different between

two intensities.
The range between two intensities of (water & oil) is so expand =~ 1000.

That expand range enable to see more details, so it's Has high contrast.

w QLR A RY Ep Do 2

 Glbrie M g STIR

I A MARWA TEST

) Se:d 787

F

ANTALYA MEDICAL CENTER

| B 31675
Ax NERGE

TEST
Sag STIR

FS: 1.5

TR: 2220.0 TE: 97.2
19/08/36 10:52:24 yo

Figure (6.5) Sag STIR image taken by GE MRI 1.5T in Antalya medical

center.
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In this technique suppress the fat, so the oil was seemed black, because
contributed nothing. Although of that, the oil has small value like (33.17)

from inhomogeneity of the magnet.

The chart below show Sag STIR image technique intensity.

different’intensities of the phantom by
1200 - .
technique
1000 -
800 -
600 - . .
m intensity
B XXXXXX2
400 -
B XXXXXX
200 -
: g g
water water mix oil mix oil bottle
bottle
intensity|  1044.64 1067.01 43.75 41.28
XXXXXX2 0 0 0 0
XXXXXX 0 0 0 0

Fig (6.6)STIR image technique chart
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6.4 AX T2 FLAIR image

Area= 0.5cm?

65PX

Three bottles as one phantom show the intensity on table (6.4) bellow:

Water bottle | Mix water &oil Oil bottle
Water Oil
mean |+*SD |mean |*SD |mean |*SD | mean +SD
319.46 | 10.06 | 253.37 | 9.71 |498.32 | 11.29 | 483.68 |11.38
292.4219.30 |239.14 | 13.52|492.22 | 12.24 1 422.82 |6.77
353.72 | 7.06 | 236.68 | 16.53 | 478.98 | 12.83 | 399.55 |7.66
AVG | 321.87 | 8.81 | 243.06 | 13.25489.84 | 12.12 435.35 |8.60

Table (6.4) intensities of AX T2 FLAIR image indifferent three bottles

There is low artifact, notice that in a suitable value in standard deviation
(SD) = 13.

Notice that water bottle had high intensity (321.87, £8.81 SD ), while
water in mixture bottle had value(243.06, £13.25SD) different in value

refer to inhomogeneity of the magnet.

The oil bottle had low intensity(435.35, £8.6SD) ), while oil in mixture
bottle had value(489.84, £12.12SD),

The range between two intensities of (water & oil) was so narrow ~ 113

to 247. Has low contrast.
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Figure (6.7) AX T2 FLAIR image taken by GE MRI 1.5T in Antalya

medical center.
saw manifestly that technique.

The chart below show AX T2 FLAIR image technique intensity.

FLAIR
XXXXXXXX
B XXXXCKKKX
. o ) H intensity
water water mix oil mix oil bottle
bottle
XXXXXXXX 0 0 0 0
XXXXXXXXX 0 0 0 0
intensity 321.87 243.06 489.84 435.35

Fig (6.8)AX T2 FLAIR image technique chart
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6.5 Conversation between techniques

0~ Saq Tt FEE

A " A

MARWATES 1 MARWA TES

10 5ag5TIR

AxT2FLAR

Figure (6.9) image techniques (T1, T2, STIR, FLAIR) taken by GE MRI

1.5T in Antalya medical center.
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Conversation between techniques that performance.

Phantom
Water bottle | Mix water Mix oil Oil bottle
Technique
AX T2 298.55 283.57 164.31 159.04
Sag Tl 579.93 357.2 904.34 908.70
STIR 1044.64 1067.01 43.75 41.28
FLAIR 321..87 243.06 489.84 435.35

Table (6.5) intensities of all techniques of images in different three bottles

W of phantom
1200 -\ [ ' .

ent techniques
1000 -
800 -
600 -
400 - m water bottle
200 - lmeV\{ater
mix oil mix oil
0 u oil bottle

water bottle

Y9 SR
FLAIR
AXT2 Sag T1 STIR T2 FLAIR
water bottle| 298.55 | 579.93 | 1044.64 | 321.87
mix water 283.57 357.2 1067.01 | 243.06
mix oil 164.31 904.34 43.75 489.84
oil bottle 159.04 908.7 41.28 435.35

Fig (6.10)Different technique chart
As regards: The system was then used to:

1. image a patient (male, aged 55) suffering of memory Missing, The
patient was placed in the center of the magnet, and the head was

inserted into.
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Pulse was used to produce the image with parameters;

The seguences were:

Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair, DWI (diffusion

weighted image)
Level
Basal ganglia to skull cub

Diagnosis

- Senile brave atrophy

- Periventricular deep white Walter ischemic changes.

- The compression results between (AX T1 &Ax T2 Flair)
Techniques were taken and reported in table (6,6).
Slice=15/22 area=0.5cm?2  PX=50
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fig(6,11) comparison betweenAXT1 &AXT2 FLAIR in patientl
image used by GE MRI 1.5T Antalya medical center
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AXT2 FLAIR AXT1

Up nor-tissue | Normal Up nor- | Normal tissue | Patientl
tissue tissue

mean +SD | mean | £SD | mean | +SD | mean |+SD | parameter

668.55 | 125 |503.5 |14 |477.6 |54 |530.8 |8.36 |intensity

Table(6,6)Intensities of normal & up normal tissues in AXT1 & AXT2

FLAIR Techniques in patientl image taken by GE MRI 1.5T in Antalya
medical center.

700
600
500
400

mNormal T
300 m Upnormal T
200 Columnl

100

AXT1

AXT2 FLAIR

fig(6,12) Patientl intensity chart

As in fig (6, 12) noticed that AXT2 FLAIR technique

was more contrast & more detail than AXT1 technique

2. image a patient (male, aged 35) suffering of headache, The patient

was placed in the center of the magnet, and the head was inserted
into.
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The sequences were:

Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair, DWI (diffusion

(weighted image
Level
Basal ganglia to skull cub
Diagnosis
Mass tumor surrounding fluid, Atrophy.

- Techniques were taken and reported in table (6,7).
- Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,

13).
Slice=11/22 area=0.5cm? PX=70
AXT2 FLAIR AXT1
Up nor-tissue | Normal Up nor- | Normal tissue | Patient2

tissue tissue

mean | +SD [ mean | *SD | mean | £SD | Mean |SD | parameter

47 10 | 457 24 1400 |15 |716 16 | Intensity

Table(6,7)Intensities of normal & up normal tissues in AXT1 & AXT2
FLAIR Techniques in patient2 image taken by GE MRI 1.5T in modern

medical center.
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fig(6,13) comparison betweenAXT1 &AXT2 FLAIR in patient2 image
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fig(6,14) Patient2 intensity chart

As in fig (6, 14) noticed that AXT2 FLAIR technique

was more contrast & more detail than AXT1 technique.
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3. image a patient (male, aged 35) suffering of headache, The patient
was placed in the center of the magnet, and the head was inserted

into.

The sequences were:

Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair.
Level
Basal ganglia to skull cub
Diagnosis
Mass tumor surrounding fluid, Atrophy.

- Techniques were taken and reported in table (6,8).
- Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,

15).
Slice= area=0.5cm? PX=
AXT2 FLAIR AXT1
Up nor-tissue | Normal Up nor- | Normal tissue | Patient3

tissue tissue

mean | +SD | mean |£SD | Mean | £SD | mean +SD | parameter

106 31 | 443 20 1391 |36 |797 25 | Intensity

Table(6,7)Intensities of normal & up normal tissues in AXT1 & AXT2
FLAIR Techniques in patient3 image taken by GE MRI 1.5T in modern

medical center
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fig(6,15) comparison betweenAXT1 &AXT2 FLAIR in patient3
image taken by GE MRI1.5T in modern medical center.
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fig(6,16) Patient3 intensity chart

As in fig (6, 16) noticed that AXT2 FLAIR technique

was more contrast & more detail than AXT1 technique.
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4. image a patient (male, aged 65) suffering of head roll and Fainted,
The patient was placed in the center of the magnet, and the head
was inserted into.

The sequences were:
Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair.
Level

Basal ganglia to skull cub
Diagnosis
Infraction, clot blood cell, Atrophy.
- Techniques were taken and reported in table (6,9).

- Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,

ABOABIDA "% € e - 21/08/2016 06:52:29 p - Ax T2 Flai

BAKHIT ALTOM | o —— ]
se: 3 A 4ss11 |seid 45511
21/08/2016 06:48:41 M

BRAIN

MODERN MEDICAL CENTER \ MODERN MEDICAL CENTER
23596 - 23596

BRAIN BRAIN
AX T2 Flair AxT1
A /
I\
) A | . .

ALHAJA AHMED L [ FS: 1.5
L WL: 243 WW: 486 [D TR: 8802.0 TE: 147.9 | WL: 451 WW: 903 TR: 680.0 TE: 9.7
21/08/2016 06:52:29 | T: 5.0mm L: 42.1mm

fig(6,17) comparison betweenAXT1 &AXT2 FLAIR in patient4 image
taken by GE MRIL1.5T in modern medical center.
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Slice=9/20, 12/22.  Area=0.5cm2.  PX=200

AXT2 FLAIR AXT1

Up nor-tissue | Normal Up nor- | Normal tissue | Patient4
tissue tissue

mean |+SD | mean | +SD | mean | £SD | mean +SD | parameter

256 17 | 123 11 274 |10 |318 8 Intensity

Table(6,8)Intensities of normal & up normal tissues in AXT1 & AXT2

FLAIR Techniques in patient4 image taken by GE MRI

350 -

300 A

250 -

200 -

150 -

100 -

50 -

AXT1

AXT2 FLAIR

mNormal T
mUpnormal T

Columnl

fig(6,18) Patient4 intensity chart.

As in fig (6, 18) noticed that AXT2 FLAIR technique

was more contrast & more detail than AXT1 technique

image a patient (female, aged 13) suffering of missing memory,

The patient was placed in the center of the magnet, and the head

was inserted into.
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The sequences were:

Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair.

Level

Basal ganglia to skull cub

Diagnosis

Beginning of Atrophy and multiples sclerosis.

Techniques were taken and reported in table (6, 10).
Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,

19).
Slice=11/22. Area=0.5cm? PX=230.
AXT2 FLAIR AXT1
Up nor-tissue | Normal Up nor- | Normal tissue | Patient5
tissue tissue
mean | +SD [ mean | +SD | mean | £SD | mean +SD | parameter
186 38 143 15 471 |14 |471 19 | Intensity

Table(6,9)Intensities of normal & up normal tissues in AXT1 &
AXT2 FLAIR Techniques in patient5 image taken by GE MRI 1.5T in

modern medical center
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fig(6,19) Patient5 intensity chart.
As in fig (6, 19) noticed that AXT2 FLAIR technique

was more contrast & more detail than AXT1 technique
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fig(6,20) comparison betweenAXT1 &AXT2 FLAIR in patient5 image

taken by GE MRIL1.5T in modern medical center.
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6. image a patient (male, aged 42) suffering of headache, The patient
was placed in the center of the magnet, and the head was inserted

into.

The sequences were:

Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair.
Level
Basal ganglia to skull cub
Diagnosis
Clot blood cell.

- Techniques were taken and reported in table (6,11).
- Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,

21).
Slice= 18/22. area=0.5cm? PX=60.
AXT2 FLAIR AXT1
Up nor-tissue | Normal Up nor- | Normal tissue | Patient6

tissue tissue

Mean |+SD |mean |£SD | mean | +SD | mean +SD | parameter

73 15 |28 8 168 |10 |207 24 | Intensity

Table(6,10)Intensities of normal & up normal tissues in AXT1 & AXT2
FLAIR Techniques in patient6 image taken by GE MRI
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fig(6,21) comparison betweenAXT1 &AXT2 FLAIR in patient6 image
taken by GE MRIL1.5T in modern medical center.
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fig(6,22) Patient6 intensity chart

As in fig (6, 22) noticed that AXT2 FLAIR technique

was more contrast & more detail than AXT1 technique.
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7. image a patient (male, aged 57) suffering of headache, head roll

The patient was placed in the center of the magnet, and the head was

inserted into.

The sequences were:

Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair.

Level

Basal ganglia to skull cub

Diagnosis

Mass tumor surrounding fluid, Atrophy Stroke Edema.

Techniques were taken and reported in table (6,12).
Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,

23).
Slice=19/22. Area=0.5cm? PX=56,230.
AXT2 FLAIR AXT1
Up nor-tissue | Normal Up nor- | Normal tissue | Patient?7
tissue tissue
Mean |+SD |mean |£SD | mean | +SD | mean +SD | parameter
309 8 148 12 |266 |18 |333 13 | Intensity

Table(6,11)Intensities of normal & up normal tissues in AXT1 &
AXT2 FLAIR Techniques in patient7 image taken by GE MRI

1.5T in modern medical center.
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fig(6,23) comparison betweenAXT1 &AXT2 FLAIR in patient7 image
taken by GE MRIL1.5T in modern medical center.
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fig(6,24) Patient? intensity chart.
As in fig (6, 24) noticed that AXT2 FLAIR technique
was more contrast & more detail than AXT1 technique
8. image a patient (male, aged 35) suffering of, lack of vision
headache, The patient was placed in the center of the magnet,
and the head was inserted into.
The sequences were:
Sag T1, Ax T1, Ax T2, Coronal T2, Ax T2 Flair.

Level

Basal ganglia to skull cub
Diagnosis
Mass tumor surrounding fluid, Atrophy.
- Techniques were taken and reported in table (6,12).
- Techniques used were AXT2 FLAIR & AXT1 as shown in fig(6,
25).
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Slice=14/22. area=0.5cm2. PX=60,230
AXT2 FLAIR AXT1
Up nor-tissue | Normal Up nor- | Normal tissue | Patient8
tissue tissue
mean |+SD | mean | +SD | mean | £SD | mean +SD | parameter
336 8 153 8 272 |10 |330 10 | Intensity

Table(6,12)Intensities of normal & up normal tissues in AXT1 &
AXT2 FLAIR Techniques in patient8 image taken by GE MRI

1.5T in modern medical center.
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fig(6,25) comparison betweenAXT1 &AXT2 FLAIR in patient8
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fig(6,26) Patient8 intensity chart.

As in fig (6, 26) noticed that AXT2 FLAIR technique was more
contrast & more detail than AXT1 technique.

9. image a patient (female, aged 35) suffering of pain in neck,
The patient was placed in the center of the magnet, and was

inserted into.

The sequences were:

Coronal STIR, AX T1, Ax T2, Coronal T2.
Diagnosis
Mass tumor surrounding fluid.

- Techniques were taken and reported in table (6,13).
- Techniques used were COR STIR& COR T2as shown in fig(6,
27).
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Slice=9/20,11/20. Area=0.5cm2, PX=330.

CORSTIR COR T2

Up nor-tissue | Normal Up nor- | Normal tissue | Patient9
tissue tissue

mean |+SD | mean | +SD | mean | £SD | mean +SD | parameter

153 10 | 557 12 |557 |15 |798 14 | Intensity

Table(6,13)Intensities of normal & up normal tissues in COR STIR
& COR T2 Techniques in patient9 image taken by GE MRI 1.5T in

modern medical center.
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fig(6,27) comparison between COR T2 & COR STIR in patient9 image
taken by GE MRIL1.5T in modern medical center.
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fig(6,28) Patient9 intensity chart.
As in fig (6, 28) noticed that COR STIR technique was more contrast &
more detail than COR T2 technique.

10. image a patient (female, aged 55) suffering of pain in neck,
The patient was placed in the center of the magnet, and was

inserted into.

The sequences were:

AX STIR, Ax T1, Ax T2, Coronal T2.
Diagnosis
She was normal case.

- Techniques were taken and reported in table (6,14).
- Techniques used were AX STIR & AX T2as shown in fig(6, 29).
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Slice=9/20. area=0.5cm2. PX=110.

AX STIR AX T2
Up nor-tissue | Normal Up nor- | Normal tissue | Patient10
tissue tissue

mean |+SD | mean | +SD | mean | £SD | mean +SD | parameter

221 10 | 221 12 1241 |11 | 272 12 | Intensity

Table(6,14)Intensities of normal & up normal tissues in AX STIR
& AXT2 Techniques in patientl0 image taken by GE MRI 1.5T in

modern medical center.
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fig(6,29) comparison between AX T2 &AX STIR in patient9 image taken
by GE MRI1.5T in modern medical center.
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fig(6,30) Patient10 intensity chart

Normal tissues and up normal tissues were equal intensity. but in AXT2
technique there were different in intensities in tissues.

11.image a patient (female, aged 65) suffering of inflammation in
pelvis, The patient was placed in the center of the magnet, and

was inserted into.

The sequences were:

AX STIR, Ax T1, Ax T2, Coronal T2.
Diagnosis
inflammation in pelvis.

- Techniques were taken and reported in table (6,15).
- Techniques used were AX STIR & AX T2as shown in fig(6, 31).
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Slice=10/25 area=0.5cmz2. PX=200

AX STIR AX T2
Up nor-tissue | Normal Up nor- | Normal tissue | Patientll
tissue tissue

mean | +SD [ mean | *SD | mean | £SD | Mean |SD | parameter

204 12 |70 12 (648 |18 |626 8 Intensity

Table(6,15)Intensities of normal & up normal tissues in AX STIR &
AX T2 Techniques in patientl1 image taken by GE MRI 1.5T in

modern medical center
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fig(6,31) comparison between AX T2 & AX STIR in patientll image
taken by GE MRIL1.5T in modern medical center.
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fig(6,32) Patient11 intensity chart.

As in fig (6,32) noticed that AXT2 STIR technique was more
contrast & more detail than AXT2 technique.

12. image a patient (female, aged 29) suffering of inflammation in
pelvis, The patient was placed in the center of the magnet, and

was inserted into.

The sequences were:

AX STIR, Ax T1, Ax T2, Coronal T2.
Diagnosis
Mass tumor surrounding fluid in pelvis .

- Techniques were taken and reported in table (6,16).
- Techniques used were AX STIR & AX T2as shown in fig(6, 33).
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Slice=1/20. area=0.5cm?2 PX=195

AX STIR AX T2
Up nor-tissue | Normal Up nor- | Normal tissue | Patient12
tissue tissue

mean | +SD [ mean | +SD | mean | £SD | mean +SD | parameter

370 10 |59 12 |586 |15 |424 16 | Intensity

Table(6,16)Intensities of normal & up normal tissues in AX STIR
& AX T2 Techniques in patient12 image taken by GE MRI 1.5T in

modern medical center.
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fig(6,33) comparison between AXT2 &AX STIR in patientl2 image
taken by GE MRIL1.5T in modern medical center.
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fig(6,34) Patientll intensity chart.

As in fig (6, 34) noticed that AXSTIR technique was more contrast &

more detail than AXT2 technique
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Chapter Seven

7. Conclusion and recommendation
7.1 Conclusion

Wide spread clinical use of will require implementation directly on the
MRI machines. This development has started recently among the major

vendors.

Uses of fat suppression technique solve artifact in images that made by
fat.

7.2 Recommendations
We do recommendations:

1. The modification of the exiting MRI system in Sudan by adding fat
suppression technique software to be used in routine clinical
applications.

2. There should be a training programs for both the doctors and staff
in fat suppression technique as it highly improve the ability of MRI

system as a powerful diagnostic tools.
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