SREE CHITRA TIRUNAL INSTITUTE OF
MEDICAL SCIENCES & TECHNOLOGY
TRIVANDRUM -695011

DIPLOMA IN ADVANCED MEDICAL IMAGING TECHNOLOGY

Work book submitted by: | LALITHA. R.S

DAMIT Student
Dept of Imaging Sciences and
Interventional Radiology
SCTIMST,
Thiruvananthapuram.

Place: T/n‘?u v&nan//@zf)a,mcm
Date: Bo- [/~ Q066.

2005-2006




SREE CHITRA TIRUNAL INSTITUTE FOR
MEDICAL SCIENCES AND TECHNOLOGY

CERTIFICATE

| Miss. LALITHA.R.S here by declare that | have actually performed
all the procedures listed under the course of diploma in advanced
imaging technology (DAMIT)

Place : Thiruvananthapuram signature —— w
‘ ob name L-c Jhe K 5.
Date: 50— li-2c06

Signature,

Head of the Dept
Dept .of
Imaging science
&
interventional radiology



OMEDICAL TECHNOLOG! : BATIENT CARE

The Sree Chitra Tirunal Institute for Medical Sciences &Technology
(SCTIMST), Thiruvananthapuram is an Institute of National
Importance established by an Act of the Indian Parliament. It is an
autonomous Institute under the administrative control of the
Department of Science and Technology, Government of India.

The Institute signifies the convergence of medical sciences and
technology and its mission is to enable the indigenous growth of
biomedical technology, besides demonstrating high standards of
patient care in medical specialties and evolving postgraduate training
programs in advanced medical specialties, biomedical engineering
and technology, as well as in public health

It has a 239-bedded hospital for tertiary care of cardiovascular and
neurological diseases, a biomedical technology wing with facilities for
developing medical devices from a conceptual stage to
commercialization, and a center of excellence for training and
research in public health.

The Institute has the status of a University and offers postdoctoral,
doctoral and postgraduate courses in medical specialties, public
health, nursing, basic sciences and health care technology. It is a
member of the Association of Indian Universities and the Association
of Commonwealth Universities



ACKNOWLEDGEMENT

First and fore most, | would like to thank my Head of the Department
Prof.. Dr. Arun Kumar Gupta and Addl. Prof Dr Kapilamoorthy T.R,
Dr Kesavadas C and all other faculty members who had guided me
through the different phases of my studies encouraged and helped
me on all aspects of my training.

| thank the Director of the institute Dr K Mohandas, Dean Prof
Dr Radhakrishnan.K and the Registrar Dr A.V George, for their
advices and kind attention towards me.

| extent my heartful thanks to all the Radiographers, other staffs of
radiology, staff members of different depts, for their help during my
stay in the institute. | am thankful to the patients who were the core
medium of study.

At last, | would like to acknowledge my .’sincere thanks to PG
residents, senior and junior DAMITS for theira co-operation at work
place and in studies.



PREFACE

This work book, | have done as part of my training in the dept of
radiology for diploma in Advanced Medical Imaging Technology
(DAMIT) course includes brief details of the equipment used in the
Dept, basic physics and working involved with the equipments, the
routine protocols and the procedures followed in our different labs,
number of cases which | have individually done in X-RAY,CR,CT,
MRI,PACS&3D WORKSTATION, and the cases which | have
assisted in Neuro and Cardiac Cath Lab, | also have included the
seminars and projects | have done .

DAMIT is a two years full time residential programme in
advanced medical imaging technology for qualified radiographers to
excel and learn the newer techniques in medical imaging. Selection is
done by a national level entrance examination. At present institute
offers 3 seats.

The students are posted in the department of radiology
equipped with all modern medical imaging facilities-State of art and
top of the line-MRI system, Spiral CT system, DSA suit, Colour
Doppler ultra sound scanner and a radiology network with a central
workstation with added 3D software and the division of Interventional
Radiology make it a distinguished Radiology Dept .The course
schedule contains theory classes, practical training, seminar
presentations & projects. Diploma is awarded after successful
completion of 2 Year term based on a written examination with viva-
voce and internal assessment.
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MAGNETISM

Historv of Magnetic Resonance

In 1946, Felix Bloch and Edward Purcell independently discovered
that a magnetically energized substance bombarded with RF emitted
a "tune" similar to a tuning fork. They found that the nuclei of different
atoms absorbed radio waves at different frequencies. In 1952, Bloch
and Purcell received the Nobel Prize for their discovery of what was
referred to as Nuclear Magnetic Resonance (NMR), eventually to be
known as Magnetic Resonance (MRI). In 1970, the medical imaging
world significantly changed with the contributions of Dr. Raymond
Damidian. Dr. Damidian discovered that the structure and abundance
of water in the human body was the key to MR imaging, and that the
water (hydrogen) emitted a signal that was both detectable and
recordable. Dr. Damidian and his team spent the next seven years



ently designing and creating the first MRI scanner for medical
ging of the human body. It was Paul Lauterbur, however, who
emented the concept of tri-plane gradients used for
tingselective areas of the body (Gx Gy, and G). Felix Bloch

BlochFelix BlochMR was earlier referred to and is based on the
sics of nuclear magnetic resonance (NMR). MRI is a second
eration term for this imaging modality. The term MRI was adopted
n after imaging of the human body became possible as the public
ld more easily adopt a term for an imaging modality without the
d "nuclear" in it. Thus we have magnetic resonance imaging

1).

- Magnetism
Resonance and RF

Relaxation

netism :

Aagnetism is a property of matter that is a result of the orbiting
trons in atoms. The orbiting electrons cause the atoms to have a
Jnetic moment associated with an intrinsic anguiar momenium
=d 'spin’. Magnetic field strengths are measured in units of gauss
and Tesla (T). One Tesla is equal to 10,000 gauss. The earth's
jnetic field is about 0.5 gauss. The strength of electromagnets
d to pick up cars in junk yards is about the field strength of MRI
“hines (1.5-2.0T). Four terms describing the magnetic properties
materials, used in MRI. These terms are ferromagnetism,
amagnetism, superparamagnetism, and diamagnetism

Ferromagnetism
Paramagnetism
Superparamagnetism
Diamagnetism




Ferromagnetism

Ferromagnetic
Material

Ferromagnetic materials generally contain iron, nickel, or
cobalt. These materials include magnets, and various objects one
might find in a patient, such as aneurysm clips, parts of pacemakers,
shrapnel, etc. These materials have a large positive magnetic
susceptibility, i.e., when placed in a magnet field, the field strength is
much stronger inside the material than outside. Ferromagnetic
materials are also characterized by being made up of clusters of
10M7 to 10"21 atoms called magnetic domains, that all have their
magnetic moments pointing in the same direction. The moments of
the domains is random in unmagnetized materials, and point in the
same direction in magnetized materials. The figure to the above
illustrates the effect of a ferromagnetic material (grey circle) on the
magnetic field flux lines (blue). The ability to remain magnetized when
an external magnetic field is removed is a distinguishing factor
compared to paramagnetic, superparamagnetic, and diamagnetic
materials. On MR images, these materials cause susceptibility
artifacts characterized by loss of signal and spatial distortion. This
can occur with even fragments to small to be seen on piain x-ray.
This is a common finding in a cervical spine MRI post anterior fusion.
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ymagnetism

Paramagnetic
Material

Paramagnetic materials include oxygen and ions of various
als like Fe, Mg, and Gd. These ions have unpaired electrons,
Iting in a positive magnetic susceptibility. The magnitude of this
eptibility is less than one one-thousands of that of ferromagnetic
orials. The effect on MRI is increase in the T1 and T2 relaxation
s (decrease in the T1 and T2 times).

erparamagnetism

- Superparamagnetic
Material

erparamagnetic materials consist of individual domains of

nents that have ferromagnetic properties in bulk. Their magnetic
eptibility is between that of ferromagnetic and paramagnetic
erials. The figure to the left illustrates the effect of a
2rparamagnetic material (grey circle) on the magnetic field flux

5 (blue). Examples of a superparamagnetic materials include iron
aining contrast agents for bowel, liver, and lymph node imaging.



Diamaagnetism

Diamagnetic
Material

Diamagnetism is a very weakform of magnetism that is only exhibited
in the presence of an external magnetic field. It is the result of
changes in the orbital motion of electrons due to the external
magnetic field. The induced magnetic moment is very small and in. a
direction opposite to that of the applied field. When placed between
the poles of a strong electromagnet, diamagnetic materials are
attracted towards regions where the magnetic field is weak.
Diamagnetism is found in all materials, however, because it is so
weak it can only be observed in materials that do not exhibit other
forms of magnetism. Also, diamagnetism is found in elements with
paired electrons. Oxygen was once thought to be diamagnetic, but a
new revised molecular orbital (MO) model confirmed oxygen's
paramagnetic nature.

An exception to the "weak" nature of diamagnetism occurs with the
rather large number of materials that become superconducting,
something that wusually happens at Ilowered temperatures.
Superconductors are perfect diamagnets and when placed in an
external magnetic field expel the field lines from their interiors
(depending on field intensity and temperature).

e

Superconductors also have zero electrical resistance, a consequence
of their diamagnetism. Superconducting structures have been known
to tear themselves apart with astonishing force in their attempt to
escape an external field. Superconducting magnets are the major



ponent of most magnetic resonance imaging systems, perhaps
only important application of diamagnetism
1aps the substance that displays the strongest diamagnetism is
uth, used as an alternative to lead shot in shotgun shells. Melting
n bismuth and then molding it is a very efficient way of capturing
diamagnetic properties. Pyrolitic Graphite is stronger than
nuth in only one direction; in the other two directions it is still
nagnetic, but it is weaker

Pneaonets agten s

er Conductors

srnaramagnetic materials consist of individual domains of elements that
> ferromagnetic properties in bulk. Their magnetic susceptibility 1s

veen that of ferromagnetic and paramagnetic materials. The figure to the
llustrates the effect of a super paramagnetic material (grey circle) on the
netic field flux lines (blue). Examples of a super paramagnetic materials
1de iron containing contrast agents for bowel, liver, and lymph node
ying. Diamagnetic materials have no intrinsic atomic magnetic moment,
when placed in a magnetic field weakly repel the field, resulting in a

Il negative magnetic susceptibility. Materials like water, copper,

ygen, barium sulfate, and most tissues are diamagnetic. The figure above
trates the effect of a diamagnetic material (grey circle) on the magnetic

| flux lines (blue). The weak negative magnetic susceptibility contributes
e loss of signal seen in bowel on MRI after administration of barium

ite suspensions.




In order to understand MRI, it is necessary to understand the
properties of atoms. Atoms consist of a dense nucleus surrounded
by orbiting electrons. The nucleus of most atoms is made up of
positively charged particles called protons, and neutrally charged
particles called neutrons. The nucleus of an atom is always positively
charged due the positive protons. The electrons orbiting around the
nucleus are extremely small negatively charged particles which
balance the positive charge of the nucleus. Chemical properties of
elements vary based on the electrical charge of the atoms. An atom
with the same number of protons and electrons is chemically neutral
and stable. Often, electrons are added or knocked out of the orbits
around nuclei, which alters the charge of atom thus creating a
positively or negatively charged particle. An atom which is positively
or negatively charged is referred to as ionized

{
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lonized Atom [Hydrogen Atom

g

The simple nucleus of the hydrogen atom consists of one proton,
and no neutrons. The hydrogen atom has a positive charge and an
atomic number of 1 due to the presence of only one proton in its
nucleus. For the purposes of MR, the hydrogen atom is referred to as
a proton. The abundance of the hydrogen atoms in the human body,
and the large magnetic moment (discussed below) created by the
single proton in the nucleus of the atom, make hydrogen atoms
extremely sensitive to magnetic resonance. Based on these facts, we
will concentrate on the hydrogen atom for the duration of this
section. Hydrogen has the simplest atomic structure compared to all
other elements. There is an abundance of hydrogen in the human



y. Approximately 70% of the body is made up of water which
tains two hydrogen atoms and one oxygen atom. It is the
rogen atoms that are focused on to produce an MR image.

> proton

h spin and parity 1/2", charge +1, and mass of 938 MeV, the

on is the nucleus of a hydrogen atom ('H,). It has a magnetic
nent of 2.79 niuciear magnetons. The electric dipoie moment is
sistent with zero; the bound on itis that it is less than 0.54x10
-cm.

ome speculative grand unified theories it may decay. The half-life
his decay has been limited to be greater than 2.1x1 0%° years. The
rge radius is measured mainly through elastic electron-proton
ttering and is 0.870 fm. For specific decay modes, into antilepton
apton and a meson, the bound is often better than 10% years. The
on is therefore taken to be a stable particle, and baryon number is
umed to be conserved.

2 neutfron
 neutron has no charge, has spin and parity of 1/2*, and mass of
 MeV. The most precise measurements of its decay lifetime are
nly from traps of various kinds and in beams. The lifetime of &
tron is 886 s. It has the weak decay

n—p+e+v, .
nagnetic moment is -1.91 nuclear magnetons. Both time reversal
| parity invariance of the strong interactions implies that the
tron's electric dipole moment must be zero; the current
ervational bound is that it is less than 0.63x102% e-cm. The mean-
are charge radius related to the scattering length measured in low
rgy electron-neutron scattering for the neutron is -0.116 fm?
lation of baryon number conservation may give rise to oscillations
veen the neutron and antineutron, through processes which
nge B by two units. Using free neutrons from nuclear reactors, as
| as neutrons bound inside nuclei, the mean time for these
sitions is found to be greater than 1.3x10® seconds. The much
rer bound, as compared to protons, is related to the difficulty of
observations.
mit on electric charge non-conservation comes from the observed
¢ of the decay

n—p4v, 4+,




The observations which limit the branching fraction of the neutron in
this decay channel to less than 8x107’ are all done looking for
appropriate decays of nuciei (A—A and Z—Z+1).

Spin

The moving (spinning) hydrogen protons create a magnetic field,
and thus perform as a tiny magnet with a north and a south pole.
Since there are two magnetic poles, the protons-are referred to
magnet dipoles. Based on the laws of electromagnetism, any
electrically charged particle which moves creates a magnetic field
called a magnetic moment. This is the property that allows hydrogen
protons to behave predictably within an external magnetic field. The
motion or the "spin" of the hydrogen atoms can be described as a
random combination of the spinning of a top, the spin of a bowling
ball and the rotation of the earth around its axis. Understanding the
magnetic moment of the hydrogen protons, will lead to an
understanding of the alignment of the protons within a magnet.

Nuclear spin and maagnets

Electrons, neutrons and protons, the three particles which constitute
an atom, have an intrinsic property called spin. This spin is defined by
the fourth quantum number for any given wave function obtained by
solving relativistic form of the Schrédinger equation (SE). It
represents a general property of particles which we can describe
using the properties of electrons. Electrons flowing around a coil
generate a magnetic field in a given direction; this property is what
makes electric motors work. In much the same way electrons in
atoms circulate around the nucleus, generating a magnetic field. This
generated field has an angular momentum associated with it. Itso. .
turns out that there is also an angular momentum with the electron
particle itself, denoted the spin, and this gives rise to the spin
quantum number, m;.

Spin angular momentum is quantized and can take different integer
or half-integer values depending on what system is under study. If we
solve the relativistic SE for the electron we get the values +%: and -Va.
Since the Pauli principle states that no two fermions can have the
same quantum number, it is why only two electrons, paired
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parallel (one with positive spin and one negative with negative

), can appear in a single atomic orbital.

 the electron, protons and neutrons also have a spin angular
nentum which can take values of + %2 and —%. In the atomic
leus, protons can pair with other antiparallel protons much in the
e way that electrons pair in a chemical bond. Neutrons do the
1e. Paired particles, with one positive and one negative spin, thus
e a net spin of zero "0". We can see that a nucleus with unpaired
ons and neutrons will have an overall spin, with the number
aired contributing ¥4 to the overall nuclear spin quantum number,
'hen this is larger than zero, a nucleus will have a spin angular
nentum and an associated magnetic moment, i, dependent on
direction of the spin. /t is this magnetic moment that we

lipulate in modern NMR experiments.

worth noting here that nuclei can have more than one unpaired
on and one unpaired neutron, much in the same way that

tronic structures in transition metals can have many unpaired

1s. For example #’Al has an overall spin 1=5/2.

chnique related to nuclear magnetic resonance is electron spin
nance that exploits the spin of electrons instead of nuclei. The
ciples are otherwise similar.

ues of spin angular momentum

 epin angular momentum of a nucleus can take ranges from +/to
1 integral steps. This value is known as the magnetic quantum
ber, m. For any given nucleus, there is a total (2/+1) angular
mentum states. Spin angular momentum is a vector quantity. The
ymponent of which, denoted /., is quantised:

I, = mhl21r
re h is Planck's constant.
 resultant magnetic moment of this nucleus is intrinsically
nected with its spin angular momentum. In the absence of any
rnal effects the magnetic moment of a spin 72 nucleus lies
roximately 562.3° from the angular momentum axis or 127.7° for
opposing spin. This magnetic moment is intrinsically related to /
| a proportionality constant y, called the gyromagnetic ratio:

u=yl
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Spin ocaavieur in g magnetic field

Consider the case of nuclei which have a spin of a half, like 'H, **C or
'F. The nucleus thus has two possible magnetic moments it could
take, often referred to as up or down, +1/2 or -1/2, which are also
called the spin states a and B. The energies of each state are
degenerate - that is to say that they are the same. The effect is that
the number of atoms, their population, in the up or a state is the same
as the number of atoms in the B state.
If a nucleus is placed in a magnetic field, the angular momentum axis
coincides with the field direction. The resultant magnetic momenta,
space quantised from the angular momentum axis, no longer-have
the same energy since one state has a z-component aligned with an
external field and are lower in energy (positive | values) and the other
opposes the external field and is higher in energy. This causes a
population bias toward the lower energy states.
The energy of a magnetic moment py when in a magnetic field By, the
zero subscript is used to distinguish this magnetic field from any other
applied field, is the negative scalar product of the vectors:
- "IJZBO

We've already defined y,=yl/,. So placing this in the above equatlon
we get:

E =-mhyB,/ 2
Where y is the gyromagnetic ratio of the nucleus being scanned

Alignment of protons in magnet

u=fA

i.fmw;::w_mw}

epergy 1 1M

I~

aar "ﬂc%{}ﬂ@l Carrant locg Ehacton spin Proton spn
Tk ITOETIEn magnetio moment rmagnetic moment rmagnetic momernt

4= e d = - 278
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andom Distribution

drogen nuclei magnetic moments are randomly oriented in the
sence of an external magnetic field and are considered to have a
t magnetization of zero. Once hydrogen protons are placed in the
sence of an external magnetic field, they align themselves in one
two directions, parallel or anti-parallel to the net magnetic field
ich is commonly referred to as the vector By The strength of the
ernal magnetic field and the thermal energy of the atoms are the
tors which affect the direction of alignment of the hydrogen
tons. The high energy protons are strong enough to align
mselves against or anti-parallel to the magnetic field, whereas the
ver energy protons will align themselves with or parallel to the
ignetic field. As the magnetic field increases, there are fewer
tons which are strong enough to align anti-parallel to the magnetic
d. There are always a larger number of protons aligned parallel
h the magnetic field (B,), so once the parallel and anti-parallel
tons cancel each other out, only the small number of low energy
tons left aligned with the magnetic field create the overall net
ignetization of the patient’'s body. Even though there are relatively
y a few protons creating the net magnetization of the patient’s
dy, this difference is all that counts. The magnetic moments of
se protons are added together and are referred to as net
ignetization vector (NMV) or the symbol ‘M’.
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Bar magnet Human magnet

Precession

Aliengment of spins in a magnetic field
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> | armor Frequency

sla (T) or gauss is the measure of strength of the magnetic field.
e Tesla is equivalent to 10,000 gauss, and is about 20,000 times
onger than the earth’s magnetic field. All protons precess at the
ne frequency within a magnetic field. The gyro-magnetic ratio of
Irogen is 42.57 MHz/Tesla. The gyro-magnetic ratio is different for
“h nucleus of different atoms. The frequency is determined by the
o-magnetic ratio of atoms and the strength of the magnetic field.
> Larmor equation is important because it is the frequency at
ich the nucleus will absorb energy. The absorption of that energy
cause the proton to alter its alignment. In MR imaging, the energy
t is transferred is radio frequency waves (RF) and ranges from 1-
) MHz. The Larmor equation governs the value of the precessional
quency, and is follows: "

2cessional frequency (w o) = B x |
= the magnetic field strength of the magnet
the gyro-magnetic ratio.

1 T the precessional frequency of hydrogen is 42.57 MHz (1Tx
57 MHz) /

1.5 T the precessional frequency of hydrogen is 42.57 MHz (1.5 T
3.86 MHz)

e stronger the magnetic field, the higher the precessional
quency. If an RF pulse at the Larmor frequency is applied to the
leus of an atom, the protons will alter their alignment from the
2ction of the main magnetic field to the direction opposite the main
gnetic field. As the proton tries to realign with the main magnetic
d, it will emit energy at the frequency of the Larmor frequency.

sonance is referred to as the property of an atom to absorb
ergy only at the Larmor frequency. This is the basis of MR. An
m will only absorb external energy if that energy is delivered at
cisely it's resonant frequency. The energy must also be delivered
J0° to the net magnetic vector (NMV) and main magnetic field (Bo).
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Otherwise, no energy will be absorbed, resonance will not have
occuired and an image cannot be created. Excitation occurs when
the proton absorbs the applied energy or resonates. As resonance
occurs and the NMV moves out of alignment with the By to a pre-
specified angle. The deflection of the magnetization or total angle
created after the end of the RF pulse is referred to as the flip angle.

Lonaitudinal and Transverse Magnetization

The stronger the RF energy applied to the protons, the
greater the angle of deflection for the magnetization. The
two most common flip angles in MR are 90° and 180° . A
90° pulse will flip the magnetization into the x-y plane
(Mxy). A 180° pulse will flip the magnetization through the
x-y plane and into the opposite direction of By.

When a 90° pulse is applied and the protons are given enough
energy to be flipped into the x-y plane, the net magnetization vector is
now in the transverse plane. By or z-axis is now referred to as the
longitudinal plane. The protons are now rotating in the transverse
plane at the Larmor frequency. As well as flipping into the transverse
plane, the protons also begin rotating in phase with each other. When
resonance occurs, all the magnetic moments move into the same
path or all flip the same number of degrees, and they all precess in
phase with other.



P

th the net magnetization in the transverse plane (created with a
' flip angle), and a receiver coil or antenna in the transverse plane,
/oltage is induced within the receiver coil. This oscillating signal
tage over time is the MR signal. The magnitude of the signal is
yendent on the magnetization present in the transverse plane. At
- termination of the RF, the freely precessing protons in the
1sverse plane (Mxy) give up energy (RF) in order to try to realign
h By. As the transverse magnetization starts to decay due to the
s of phase coherence, the protons eventually realign with By. This
nal produced by the decay of transverse magnetization is called
e induction decay (FID). The amplitude of the FID signal
somes smaller over time as net magnetization returns to
over and return to By to a state of equilibrium just as if nothing had
surred. k.

er the external RF signal is turned off, two phenomenons
wltaneously occur.

¢ Longitudinal magnetization gradually increases and
is called T1 recovery

e Transverse magnetization gradually decreases and
is called T2 decay

ese phenomena are discussed in more detail below. In summary,
)ms rotate randomly outside the presence of a magnetic field.
1en in the presence of an external magnetic field, the atoms align
ner with or opposed to the main magnetic field. The parallel and
li-parallel protons cancel each other out, leaving a relatively small
mber of protons aligned with the main magnetic field. As an RF
nal is applied at the Larmor frequency, the individual protons
sonate, or absorb the applied energy, and precess in phase.
pending on the strength of the applied energy, the protons will flip

0 the x-y plane (transverse magnetization), or exactly the opposite
ection of the main magnctic field. The transverse magnetization
luces a voltage in an antenna or receiver coil which will be

entually become the MR signal. As the RF is turned off, the protons
phase and lose their coherence as they try to realign with By Two
enomenons occur simultaneously. Transverse magnetization
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resonate, . absorb the applied energy, and precess in phase.
Depending on the strength of the applied energy, the protons will flip

into the x-y plane (transverse magnetization), or exactly the opposite
direction of the main magnetic field. The transverse magnetization
induces a voltage in an antenna or receiver coil which will be
eventually become the MR signal. As the RF is turned off, the protons
dephase and lose their coherence as they try to realign with Bo Two
phenomenons occur simultaneously. Transverse magnetization
decreases (T2 decay), while longitudinal magnetization increases (T1
recovery).

Longitudinal and Transverse Relaxation

Relaxation is a very important process in MR imaging as it determines the
type of signal obtained greatly impacting the type of image generated. When
the RF pulse is terminated, the net magnetic vector (NMV) is once again
influenced by the main magnetic field (By) and tries to re-align with it along
the longitudinal axis. Protons attempt to return from a state of non-
equilibrium to a state of equilibrium. As the NMV gives up its absorbed RF
energy while trying to return to By, the process of relaxation occurs. As
relaxation is occurring, magnetization is recovering in the longitudinal plane
while decaying in the transverse plane. Longitudinal and transverse
magnetization occur at simultaneously but are two completely different
processes. To examine the relaxation phenomena further, the net
magnetization vector needs to be divided into its two processes; longitudinal
and transverse magnetization.

Longitudinal relaxation is the return of longitudinal magnetization to equilibrium
(Bo) and is termed T1 recovery.

« Transverse relaxation is the return of transverse magnetization to
equilibrium and is termed T2 decay.
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| 90 Degree RF__ . “Longitudinal
n Pulse §T2 Dephasing Relaxation - T1

ngitudinal Relaxation

ngitudinal relaxation is the return of longitudinal magnetization to
lilibrium (Bp) and is termed T1 recovery. As the hydrogen atoms
2ase their energy they previously absorbed to the surrounding
ue (lattice), in their attempt to realign with the main magnetic field,
relaxation or T1 recovery occurs. This phenomenon is sometimes
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Tra ‘se Relaxation

As longitudinal magnetization is occurring, it is accompanied by
transverse relaxation. Transverse relaxation is the return of
transverse magnetization to equilibrium. Although these two
processes occur at the same time, they are quite different and thus
contribute significantly different information to the resulting MR
image. Unlike longitudinal relaxation, transverse relaxation is not a
process of dissipation or absorption of energy into tissue. The decay
of transverse magnetization is a process called T2 decay. As the
amount of magnetization in the x-y (tfransverse) plane decreases, T2
decay increases. After an RF pulse, hydrogen nuclei are spinning in
unison or in-phase with each other. As the magnetic fields of all the
nuclei interact with each other, energy is exchanged between those
nuclei. The nuclei which began spinning "in-phase”,

lose their phase coherence or dephase over time and spin in a
random fashion. This process results in ain exponential decrease or
decay in transverse magnetization. Because T2 decay is the result of
the exchange of energy between spinning hydrogen nuclei, it is
referred to as "spin-spin" relaxation. As T2 decay occurs, the MR
signal dies out. The rate of T2 decay is also expressed as a time
constant. T2 decay occurs when the transverse magnetization has
decreased to 37% of its initial value
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ge. ''nlike longitudinal relaxation, transverse relaxation is not a
cess of dissipation or absorption of energy into tissue. The decay
transverse magnetization is a process called T2 decay. As the
ount of magnetization in the x-y (transverse) plane decreases, T2
ay increases. After an RF pulse, hydrogen nuclei are spinning in
son or in-phase with each other. As the magnetic fields of all the
lei interact with each other, energy is exchanged between those
lei. The nuclei which began spinning "in-phase”,
= their phase coherence or dephase over time and spin in a
dom fashion. This process results in an exponential decrease or
ay in transverse magnetization. Because T2 decay is the result of
exchange of energy between spinning hydrogen nuclei, it is
>rred to as "spin-spin” relaxation. As T2 decay occurs, the MR
nal dies out. The rate of T2 decay is also expressed as a time
istant. T2 decay occurs when the transverse magnetization has
reased to 37% of its initial value

Tissue A

Tissue B

Short Tl ~Long T1 =

ecovery Curve T2 Decay Curve

1gitudinal relaxation is a regrowth or an increase in value, whereas
1sverse relaxation is a decrease or decay. Although these two
cesses occur together, T2 decay almost always occurs more
idly than the regrowth of longitudinal magnetization.

sue Contrast

e to the T1 and T2 relaxation properties, we can differentiate
ween various tissues in the body. As well as T1 and T2 contrast
issues, proton density can also be measured. Proton density is
asured by the number of protons per unit of tissue. Various
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issues have different T1 and T2 values. These T1 and T2 values
significantly influence the type of signal generated during MRI and
hus contribute greatly to the MR image. Tissue contrast is affected
oy not only the T1 and T2 values of specific - tissues, but the
Jifferences in the magnetic field strength, temperature changes and
many other factors. It is not imperative that one memorize the
absolute T1 and T2 values in different tissues, but being aware of the
values may make a difference when the technologist is programmmg
values for pulse sequences.

-at Versus Water

Due to the slow molecular motion of fat nuclei, longitudinal relaxation
occurs rather rapidly and longitudinal magnetization is regained
quickly. The net magnetic vector realigns with By leading to a short
T1 time for fat. Water is not as efficient as fat in T1 recovery due to
the high mobility of the water molecules. Water nuclei do not give up
their energy to the lattice (surrounding tissue) as quickly as fat, and
therefore take longer to regain longitudinal magnetization resuiting in
a long T1 time.

As we know, T2 decay is dependent on the interaction of nuclei and
the exchanging of energy with near by nuclei. Fat has a very efficient
energy exchange and therefore has a relatively short T2. Water is
less efficient than fat in the exchange of energy, and therefore has a
long T2.

f and T2 CONSTANTS

""§T1 Constants at 1.5 T T2 Constants at 15 T

i{Controﬁed by TR ;f(:ontmﬁed by TE |
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X and TE are parameters controlled by the operator and are usually
2asured in milliseconds.

. TR stands for repetition time, or the elapsed time between
successive RF excitation pulses.

. TE stands for echo delay time, or the time interval between the
RF pulse and the measurement of the first echo.
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e T1 constants above will indicate how quickly the spinning nuclei
Il emit their absorbed RF into the surrounding tissue. The 12
nstants above will indicate how quickly the spinning nuclei wiil
cay to 37% of the initial transverse magnetization.

T2 and Proton Density Contrast

it has a shorter T1 time than water, therefore the fat vector will
align more quickly with the main magnetic field. It is obvious then
at fat has a larger longitudinal component than water. After a 90°
lise, the longitudinal magnetization of both fat and water are flipped
0 the transverse plane. As previously mentioned, fat has a larger
ngitudinal component prior to an RF pulse, and it has a larger
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ransverse component after an RF pulse. Due to the larger
ongitudinal and transverse magnetization, fat has a higher signal and
vill appear bright on a T1 contrast MR image. Conversely, water has
ess longitudinal magnetization prior to an RF pulse, therefore less
ransverse magnetization after an RF pulse yielding low signal
appearing dark on a T1 contrast image. Images created with TR's
and TE's to enhance T1 contrast are referred to as T1-weighted
mages.

Ihe previously learned concepts of transverse magnetization apply
or T2 contrast. Fat has a shorter T2 time than water and relaxes or
lecays more readily than water. Since the amount of transverse
magnetization in fat is small, fat generates very little signal on a T2
“ontrast image and appears dark. Water has a very high T2 constant,
herefore has very high T2 signal and thus appears bright on a T2
contrast image. Images created with TR's and TE's to enhance T2
contrast are referred to as T2-weighted images.

Proton density contrast is a quantitative summary of the number of
orotons per unit tissue. The higher the number of protons in a given
unit of tissue, the greater the iransverse component of magnetization,
and the brighter the signal on the proton density contrast image.
Conversely the lower the number of protons in a given unit of tissue,
the less the transverse magnetization and the darker the signal on
the proton density image.
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AND T2 WEIGHTING (Proton weighting imaging)

st all MR imaging will entail T1 and T2-weighted images among
ny other types of imaging. T1 and T2 images are the most
imon contrasts obtained in MRI. T1-weighted images are obtained
ompare the T1 differences in tissues or to compare the relaxation
s of the tissue being examined. T2-weighted images are
ained to compare the T2 contrast in tissues and compare the
1sverse relaxation rates. Parameters are manipulated by the user
btain the type of image contrast desired
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T1-Weijghted Imaging:

Emphasis is made on the differences on longitudinal relaxation rates
by utilizing a short TR and short TE. The short TR allows full recovery
of tissues with a short T1 (fat) to recover quickly while allowing only
partial recovery of tissues with a long TR (CSF). The short TE used to
obtain a T1-weighted image will allow minimal loss of transverse
magnetization due to TZ2relaxation. Basically, short TR increases T1
effects with the short TE minimizes T2 effects of tissue.

TZ2-Weighted Imaging:

Emphasis is made on the differences on transverse relaxation rates
by utilizing a long TR and long TE. The long TR allows tissues to
reach complete longitudinal magnetization which will reduce T1
effects. The long TE will allow for the loss of transverse signal
enhancing T2 effects. Fluid has a very long T2 and is frequently
associated with pathology, so it is important to take advantage of the
imaging parameters to accentuate signal differences.

There are many parameters which significantly contribute to the
contrast of an image. Most of these parameters are controlled or at
least influenced by the technologist creating the images. Care must
be taken to create the best possible MR images which will ensure a
more accurate diagnosis by the radiologist. Parameters contributing
to an MR image should be manipulated only by an experienced MR
technologist who is aware of all the factors which are changing during
the manipulation ‘

On a macroscopic level, exposure of an object or person to RF
radiation at the Larmor frequency, causes the net magnetization to
spiral away from the Bo field. In the rotating frame of reference, the
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magnetization vector rotate from a longitudinal position a distance
ortional to the time length of the RF pulse. After a certain length
me, the net magnetization vector rotates 90 degrees and lies in
transverse or x-y plane. It is in this position that the net
netization can be detected on MRI. The angle that the net
netization vector rotates is commonly called the 'flip' or 'tip' angle.
ngles greater than or less than 90 degrees there will still be a
Il component of the magnetization that will be in the x-y plane,
therefore be detected.

INSTRUMENTATION

. section will cover the following topics:

RF and Gradient Coils
Electronics and Data Processing

GNET

g, MPM fhe concapt of reagnetic mament

Inetic_resonance imaging (MRI) is based on the magnetic
)nance phenomenon, and is used for medical diagnostic
ging since ca. 1977 (see also MRI __ History).
first developed MRI devices were constructed as long narrow
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tunnels. In the meantime the magnets became shorter and wider.
In addition to this short bore magnet design, open MRI machines
were created. MRl machines with open design have commonly
either horizontal or vertical opposite installed magnets and obtain
more space and air around the patient during the MRI test.
The basic hardware components of all MRI systems are the
magnet, producing a stable and very intense magnetic field, the
gradient coils, creating a variable field and radio frequency (RF)
coils which are used to transmit energy and to encode spatial
positioning. A computer controls the MRI scanning operation and
processes the information.

The range of used field strengths for medlcal imaging is from 0.15
to 3 T. The open MRI magnets have usually field strength in the
range 0.2 Tesla to 0.35 Tesla. The higher field MRI devices are
commonly solenoid with short bore superconducting magnets,
which provide homogeneous fields of high stability.

There are THREE different types of magnets:

« Resistive Magnet
« Permanent Magnet
« Super conducting magnet

A8

M Vacuum

s Liguid Helium
#28 Liguid Nitrogen
#¥ Contalner & Support §
@ Superconducting Coilg
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the point at which the magnet becomes demagnetized by an
ternal field. ( 10ersted is like 2.02 ampere-turns/inch)
imax is a term of overall energy density. The higher the number,
emorepowerfulthmagnet.
oef of Br is the temperature coefficient of Br in terms of % per
gree Centigrade. This tells you how the magnetic flux changes
th respect to temperature. -0.20 means that if the temperature
creases by 100 degrees Centigrade, its magnetic flux will decrease
' ' 20%!
nax is the maximum temperature the magnet should be operated
After the temperature drops below this value, it will still behave

it did before it reached that temperature (it is recoverable).
egreesCentigrade)
urie is the Curie temperature at which the magnet will become
magnetized. After the temperature drops below this value, it will
t behave as it did before it reached that temperature. If the magnet
heated between Tmax and Tcurie, it will recover somewhat, but not
ly (it is not recoverable). (degrees Centigrade)
iperconducting Magnet

type of magnet whose field is generated by current in wires
ade of a superconducting material such as niobium-titanium, that
1S no resistance when operated at temperatures near absolute
ro (-273,15°C, -459°F, OK).

1e coil of wire is kept at a temperature of 4.2K by immersing it in
uid helium. The coil and liquid helium is kept in a large dewar. In
irly magnet designs, this dewar was typically surrounded by a
uid nitrogen (77.4K) dewar, which acts as a thermal buffer
tween the room temperature (293K) and the liquid helium. In
ter magnet designs, the liquid nitrogen region was replaced by a
war cooled by a refrigerator. This design eliminates the need to
Id liquid nitrogen to the magnet.

iperconducting magnets typically exhibit field strengths of
eater than 0.5 T, operate clinically up to 3 T and have a
rizontal field orientation, which makes them prone to missile
fects without significant magnetic shielding.
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tunnels. In the meantime the magnets became shorter and wider.
In addition to this short bore magnet design, open MRI machines
were created. MRl machines with open design have commonly
either horizontal or vertical opposite installed magnets and obtain
more space and air around the patient during the MRI test.
The basic hardware components of all MRI systems are the
magnet, producing a stable and very intense magnetic field, the
gradient coils, creating a variable field and radio frequency (RF)
coils which are used to transmit energy and to encode spatial
positioning. A computer controls the MRI scanning operation and
processes the information.

The range of used field strengths for medlcal imaging is from 0.15
to 3 T. The open MRI magnets have usually field strength in the
range 0.2 Tesla to 0.35 Tesla. The higher field MRI devices are
commonly solenoid with short bore superconducting magnets,
which provide homogeneous fields of high stability.

There are THREE different types of magnets:

« Resistive Magnet
» Permanent Maagnet
« Super conducting magnet
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sistive Maagnet

type of magnet that utilizes the principles. of electromagnetism
generate the magnetic field. Typically large current values and
Jnificant cooling of the magnet coils is required. The resistive
agnet does not require cryogen's, but needs a constant power
pply to maintain a homogenous magnetic field, and can be quite
pensive to maintain.

sistive magnets fall into two general categories - iron-core and
-core. Iron-core electromagnets provide the advantages of a
rtically oriented magnetic field, and a limited fringe field with
le, if any, missile effects due to the closed iron-flux return path.
r-core electromagnets exhibit horizontally oriented fields, which
ve large fringe fields (unless magnetically shielded) and are
one ¢ missile effects. Resistive magnets are typically limited to
aximum field strengths of approximately 0.6T.

e main advantages of these types of magnets are:
1) No liquid cryogen, 2) The ability to “turn off’ the magnetic field,
3) Relatively small fringe field.

:rmanent Magnet
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ield and no missile effect. Due to weight considerations,
sermanent magnets are usually limited to maximum field
strengths of 0.4 T. The main disadvantages of a permanent
magnet are the cost of the magnet itself and supporting structures
and the varying changes in the magnetic field. Field homogeneity
can be an on-going problem in permanent magnets.

The patient lies on a scanning table between these two plates.
Advantages of these systems are: 1) Relatively low cost, 2) No
electricity or cryogenic liquids are needed to maintain the magnetic
field, 3) Their more open design may help alleviate some patient
anxiety, 4) Nearly nonexistent fringe field. It should be noted that not
all vertical field magnets are permanent magnets.

Materials used for permanent magnets

e There are four classes of permanent magnets:
1, Neodymium Iron Boron (NdFeB or NIB)
2,Samarium Cobalt (SmCo)

3, Alnico
4 Ceramic or Ferrite

Br is the measure of its residual magnetic flux density in Gauss,
which is the maximum flux the magnet is able to produce. (1Gauss
islike6.45lines/sqin) o

Hc is the measure of the coercive magnetic field strength in Oersted,

.
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the point at which the magnet becomes demagnetized by an
ernal field. ( 1Oersted is like 2.02 ampere-turns/inch)
max is a term of overall energy density. The higher the number,
morepowerfulthmagnet.
bvef of Br is the temperature coefficient of Br in terms of % per
jree Centigrade. This tells you how the magnetic flux changes
n respect to temperature. -0.20 means that if the temperature
reases by 100 degrees Cenhgrade its magnetic flux will decrease
20%!
ax is the maximum temperature the magnet should be operated
After the temperature drops below this value, it will still behave
it did before it reached that temperature (|t is recoverable).
greesCentigrade)
urie is the Curie temperature at which the magnet will become
nagnetized. After the temperature drops below this value, it will
‘behave as it did before it reached that temperature. If the magnet
eated between Tmax and Tcurie, it will recover somewhat, but not
y (it is not recoverable). (degrees Centigrade)
perconducting Magnet

ype of magnet whose field is generated by current in wires
de of a superconducting material such as niobium-titanium, that
S no resistance when operated at temperatures near absolute
0 (-273,15°C, -459°F, OK).

e coil of wire is kept at a temperature of 4.2K by immersing it in
1id helium. The coil and liquid helium is kept in a large dewar. In
ly magnet designs, this dewar was typically surrounded by a
lid nitrogen (77.4K) dewar, which acts as a thermal buffer
ween the room temperature (293K) and the liquid helium. In
or magnet designs, the liquid nitrogen region was replaced by a
var cooled by a refrigerator. This design eliminates the need to
i liquid nitrogen to the magnet.

perconducting magnets typically exhibit field strengths of
ater than 0.5 T, operate clinically up to 3 T and have a
izontal field orientation, which makes them prone to missile
ects without significant magnetic shielding.
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Boil off Rate

Rate of cryogen (liquid helium) evaporation in superconducting
magnets, usually measured in liters of liquid per hour. It increases
during ramping of the magnet and with eddy currents induced in
the cryoshields by pulsed field gradients. In calculating cryogen
consumption additional transfer and filling losses have to be
considered

Cryogen

A cooling agent, typically liquid helium or liquid nitrogen used to
reduce the temperature of the magnet windings in a
superconducting magnet. All cryogenic liquids are gases at
normal temperatures and pressures. Different cryogens become
liguids under different conditions of temperature and pressure, but
all have two properties in common: they are extremely cold, and
small amounts of liquid can expand into very large volumes of gas.
The boiling points of cryogens are commonly below -150°C(- 238°)

Ramping Up.

Ramping up of oxford magnet.

The supercon contains minimum 80% He and 20% Nitrogen.
The normal ramp up procedure consumes 7 — 10 % of He. Normal
ramp down consume 5% of He. Normal ramp up takes 5 hrs. and
normal ramp down takes 4 hrs. to complete. Before start to ramp up
ensure that all magnet power supplies are okay and install the
magneto meter at the centre probe. Do not start ramp up procedure
with below 80% He. For proceeding the ramp up first give a warm up
heating to the heater (resistance) for a period of 3 — 5 minutes and
set voltage as 2V (for high current). After the warm-up procedure set
the current to 250A. The current will first jump to 4 A and comes
down to 1A per minute. Synchronize the magnetometer until the field
is approximately 7000 gauss. Once the magneto meter shows the
reading of 14750 gauss, set the current level which is less than 250A
and allow the field to stabilize for 45 minutes. The magnetometer
reading is stable at the stabilization time. By making the fine control
we can get a magnetic field strength of 15008 +/- 0.2 gauss. When
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field reaches 15008 turns, off the heater switch and allow 5
ites to cool. After this turn the current and voltage limit to zero.
n reaches zero wait 5 minutes for stabilization. Selective manual
> down can also do with proper current and voltage to the heater
rercoming this problem is to use a secondary compensating

netic field generated by a set of so-called shim coils to bring the
all field to the level of desired homogeneity.

mming

ection of inhomogeneity of the magnetic field produced by the
1 magnet of a MRI system due to imperfections in the magnet
) the presence of external ferromagnetic objects. May involve
1ging the configuration of the magnet or the using of shim coils
ve shimming) or adding or removing steel from the magnets
s (passive shimming) to fine-tune the magnetic field.

COILS USED IN MRI SYSTEM

COILS And Gradient coils

~ojls are the "antenna" of the MRI system that broadcasts the RF
al to the patient and/or receives the return signal. RF coils can be
ive-only, in which case the body coil is used as a transmitter; or
smit and receive (transceiver).

il consist of one or more loops of a conductor used to create a
jnetic field or to detect a changing magnetic field by voltage
iced in the wire. A coil is usually a physically small antenna.

perfect coil produces a uniform magnetic field without significant
ation.

lio Frequency Coil
coils create the B, field which rotates the net magnetization in a
e sequence. They also detect the transverse magnetization as it
esses in the XY plane. RF coils can be divided into three general
gories; RF coils can be divided into three general categories
e transmit and receive coils
e receive-only coils
e transmit-only coils
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Transmit Receive Coil

(T/R) Also called transceiver coil. An RF coil that acts as a transmitter
(T) producing the B1 excitation field and as a receiver (R) of the MRI
signal. Such a coil requires a T/R switching circuit to switch between
the two modes. A body coil is typically a T/R coil, but smaller volume
T/R coils (head/extremities) are often used at high field as a
possibility of reducing RF power absorption (SAR).

Transmitter Coil

The coil of the RF transmitter, inside the MR imager is used in
excitation of the spins. Also called transmit-only coil it is used to
create the B1 field. As a radio frequency generator send this coil
bursts of RF pulses. These pulses serve to disturb the spins in the
patient.

Receiver Coil

A coil, or antenna, positioned within the imaging volume and
connected to the receiver circuitry that is used to detect or receive the
MR signal from the patient as the disturbed spins relax back into their
equilibrium distribution. Also called receive-only coil.
Special-purpose coils are designed to optimize the SNR from a given
region of the body. State-of-the-art coil systems include the use of
four or more coils with four separate receivers. This method is often
referred to as a phased array system. Receiver coil types include also
solenoid, planar, volume and quadrature coils. The quality of the MR
images depends on the SNR of the acquired signal from the patient.
SNR is of the utmost importance in obtaining clear images of the
interior of the human body

Multiply Tuned Coil

RF coil designed to operate at more than one resonance frequency,

so that NMR of more than one kind of nucleus can be observed with
the same coil.
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JLUME COIL

dio frequency coil that surraunds a partian of the hady. Valume
lls have a better RF homoaenelty than aurface cails |

rd Cage Coil

Bird Cage
Coil

ranemit and receive RF imaging coil, which looks like a bird cage.
e bird cage coil works on a different principle to conventionally
1ed local and surround coils in that it behaves like a tuned
nsmission line with one complete cycle of standing wave around
> circumference.The bird cage coil provides the best RF
mogeneity of all the RF coils. One advantage is that it is simple to
rduce an exceedingly uniform B1 radio frequency field over most of
> coil's volume, with the result of images with a high degree of
iformity. A second advantage is that nodes with zero voitage accur
> away from the driven pant of the coil, thus facilitating the
oduction of a second signal in quadrature, which produces a
W"ﬂv pouuzed radio frequency field. The bl_rd cage c¢il is t_he coil
cholce for Imaging the head and braln.. _Thls type of’ poal is also
d ocoaslonalty for imaging of the extremities, such as the knees.

W&rized Coil

coll des d to excite or detect spins using twq orthoggnal
mmh gnd/or receive channels. As a transmitter cqll, g,)there is a
tor of 2 reductions in power required. The receiver coil has a better

R than a linearly polarized coil.
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rossed Coil

RF coil pair arranged with their magnetic fields at right angles to each
bther in such a way as to minimize their mutual magnetic interaction.

4elmholtz Pair Coil

'he Helmholtz pair coil consists of two circular coils parallel to each
bther. They are used as z gradient coils in MRI scanners. They are
also used occasionally. as RF coils for pelvis imaging and cervical
Spine imaging

Paired Saddle Coil

Paired saddle coils are commonly used for imaging of the knee.
These coils provide better homogeneity of the RF in the area of
nterest and are used as volume coils, unlike surface coils.
Paired saddle coils are also used for the x and y gradient coils. By
running current in opposite directions in the two halves of the gradient
coil, the magnetic field is made stronger near one and weaker near
the other '

Quadrature Coil

A coil that produces an RF field with circular polarization. The RF
power received from the RF power amplifier comes in two signals
(quadrature detection), which have a phase difference of 90°. The RF
transmit coil converts the power into a circularly polarised RF
magneticfield. Quadrature coils can be used as both, transmit and/or
receive coil. When used as a transmitter coil a factor of two power
reduction over a linear coil results; as a receiver an increase in SNR
of up to a factor of 1.41 can be achieved.
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gle Turn Solenoid

ransmit and receive RF imaging coil that, in general, has a
1drical shape. This small volume coil differs somewhat from a flat
ace coil. The single turn consists of a significantly wider copper
> whose width is wider than the diameter of the coil. The single
 solenoid is useful for imaging extremities, such as wrist or knee.

RFACE COIL

10
Surface Coils

/pe of receiver coil, which is placed directly on or over the region
nterest for increased magnetic sensitivity. Surface coils have a
d SNR for tissues adjacent to the coil and the signal decrease
' the distance, an eligibility homogeneity correction will balance
over the FOV. As only the region close to the surface coil will
tribute to the noise, there is an improvement in the SNR for
ions close to the coil, compared to the use of receiver coils that
ound the corresponding part of the body. These coils are
cifically designed for localized body regions, and provide
roved signal to noise ratios by limiting the spatial extent of the
itation or reception. When a surface coil is used, a larger coil on
imager is used as the transmitter of RF energy to producing the
and 180° pulses.

ay Coil

array coil combines the advantages of smaller coils (high SNR)

1 those of larger coils (large measurement field). This type of RF
is composed of separate multiple smaller coils, which can be

d individually (switchable coil) or combined.
en used simultaneously, the elements can either be:

pled array coils - electrically coupled to each other through

nmon transmission lines or mutual inductance
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isolated array coils - electrically isolated from each other with
separate transmission lines and receivers and minimum effective
mutual inductance, and with the signals from each transmission iine
processed independently or at different frequencies

phased array coils - multiple small coils arranged to efficiently cover a
specific anatomic region and obtain high-resolution, high-SNR
images of a larger volume. The data from the individual coils is
integrated by special software to produce the high-resolution images.

Body Wrap Around Coil(BWA)

A flexible surface coil for body imaging.

Linearly Polarized Coil(LP Coil)

A coil designed to excite or detect spins using one RF transmit
and/or receive channel. The magnetic field has predominantly a
single direction

Phased Array Coil

The phased array coils are typically operated as a receive only coil. A
larger coil on the imager is used as the transmitter of RF energy to
producing the 90° and 180° pulses. State-of-the-art coil systems
include the use of four or more coils with four separate receivers. This
method is often referred to as a phased array system, although the
signals are not added such that the signal phase information is
included. The use of phased array coils allows the number of signal
averages to be decreased with their superior SNR and resolution,
thereby decreasing scan time Fast parallel imaging techniques using
surface phased array multichannel coils, such as sensitivity encoding
(SENSE) or simultaneous acquisition of spatial harmonics (SMASH)
to further improve spatial and temporal resolution. High-sensitivity RF
coils and digital processing algorithms have been developed that
speed image acquisition and reconstruction during MRI.
Also called linear array coil or synergy coil.
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saddle Coil

\ coil geometry, which has two loops of a conductor wrapped around
pposite sides of a cylinder. RF coil configuration design commonly
iIsed when the static magnetic field is coaxial with the axis of the coil
long the long axis of the body (e.g., superconducting magnets and
nost resistive magnets) as opposed to solenoid or surface coil.

surface Coil NMR

\ surface coil placed over a region of interest will have an effective
electivity for a volume approximately subtended by the coil
ircumference and one radius deep from the coil center. Such a coil
an be used for simple localization of sites for measurement of
hemical shift spectra, especially of phosphorus, and blood flow
tudies. Some additional spatial selectivity can be achieved with
nagnetic field gradienis.

5RADIENT COIL

sradient coils are used to produce controlled variations in the main
nagnetic field (BO) to provide spatial localization of the signals and to
pply reversal pulses in some imaging techniques. The standard
nagnetic resonance coordinate system, a gradient in B, in the Z
lirection is achieved with an antihelmholtz type of coil. Current in the
wo coils flow in opposite directions creating a magnetic field gradient
etween the two coils. The B field at one coil adds to the B, field while
he B field at the center of the other coil subtracts from the B, field

[he X and Y gradients in the B, field are created by a pair coils. The
X axis coils create a gradient in B, in the X direction due to the
lirection of the current through the coils. The Y axis coils prov:des a
similar gradient in B, along the Y axis.



39

X Gradient Coll
Z Gradient Coil Gy

%
B A\ i

1]

Current carrying coils designed to produce a desired magnetic field
gradient (so that the magnetic field will be stronger in some locations
than others). Proper design of the size and configuration of the coils
is necessary to produce a controlied and uniform gradient. Three
paired orthogonal current-carrying coils located within the magnet
that are designed to produce desired gradient magnetic fields, which
collectively and sequentially are superimposed on the main magnetic
field (Bo) so that selective spatial excitation of the imaging volume
can occur. Gradients are also used to apply reversal pulses in some
fast imaging techniques. Gradient coils are used to produce
deliberate variations in the main magnetic field (Bo). The set of
gradient coils for the z-axis are, e.g. Helmholtz pairs, and for the x-
and y-axis, paired saddle coils.

Figure 8 Coil

A magnetic field gradient coil shaped like the number eight.
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m commoniy used for a particuiair kind of gradient coil, commonly
d to create magnetic field gradients perpendicular to the main

gnetic field

mholtz Coil

=3

Helmholtz
Pair Coil

r of current carrying coils used to create uniform magnetic field in
center of the space between them. For circular coils, their

aration equals their radius

xwell Coil

articular kind of gradient coil, commonly used to create magnetic

d gradients along the direction of the main magnetic field

red Saddie Coil

H
F—

Paired Saddle
Coil

red saddle coils are commonly used for imaging of the knee.
ase coils provide better homogeneity of the RF in the area of
rest and are used as volume coils, unlike surface coils.
red saddle coils are also used for the x and y gradient coils. By
ning current in opposite directions in the two halves of the gradient
, the magnetic field is made stronger near one and weaker near
other.
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Shielded Gradient Coils

Current-carrying gradient coils with reduced gradient fringe field
inside of the magnet cryostat structures like cryoshields and He-
vessel. The shielding can be accomplished by secondary actively
driven coils or by passive screens, which are inductively coupled to
the gradient coils. In both cases eddy currents outside or the gradient
system will be reduced.

Gradient coll desians

Gradient coils are carefully designed to produce linearly varying
magnetic fields, as well as to have other features. The two simplest

coil designs for use with a cylindrical whole body imaging system are
shown in figures 3 and 4.:

Gradient coil designs

Gradient coils are carefully designed to produce linearly varying
magnetic fields, as well as to have other features. The two simplest

coil designs for use with a cylindrical whole body imaging system are
shown in figures 3 and 4.:

V3a , > ~. Straight wires f
< > Maxwell Pair fo ' ® ; ® \ J
| ____Reduces B
—> Net B field f N °
Local fields »
Pd 5 . - .
O Current patt ® : é"*x‘*—lncreases B,
i J/ y
B, Bo i ( e

The movement of the gradient coil wires in the magnetic field as
electric currents are pulsed through them is the reason that MRI is so
accoustically noisy.
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~e selection

select a slice, a magnetic field gradient is applied in a certain
xction| let us say z . Thie means that the Larmor frequency now

ies along x (eqn.2, fig.5).

‘ G=%/
order to select a slice it is Frequency e
essary to apply an RF radiation
r a narrow bandwidth of | A‘J‘I /
juency, so that only spins in that Ao=yGAz
ge of frequencies are excited. In »
5 way it is possible to select a slice ) Az
i . . Figure 3 In a gradient, a narrow range of
pendlcular to the z-axis. frequencies corresponds to a narrow range

in space.

L how can a narrow range of
juencies be excited?

radiation oscillates at a single carrier frequency (corresponding to
ingle spike in the Fourier transform of the radiation time course).
pulses are created by modulating the carrier frequency at audio
quencies (ie carrier signal is multiplied by an audio frequency
\dow. The audio frequency window defines the pulse shape).\

member that if you multiply two functions in time, it is equivalent to
wolving them in frequency space. Therefore if the carrier signal is
Itiplied by a shaped envelope (eg a sinc function), this

responds to convolving the spike with the Fourier transform of the
ape of the envelope (for a sinc function in time, this is a rectangle
requency).

nce an RF pulse can be designed to excite a range of frequencies
out m,. By varying the shape of the pulse you can control
“kness (and in fact the position) of the imaging slice.
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You may be interested to know that Sir Peter Mansfield (from
Nottingham) invented the siice selection technique. The patent
income from this discovery paid for a large part of the building of the

SPMMRC Centre.

ANAWATEAN
VYR

Carrier (oscillator) Frequency

k / Ao

Sinc envelope
(shown truncated)

Figure 6 Amplitude modulation of an RF pulse can be used to select a narrow range of frequencies
to be excited. Multiplying the MHz carrier RF signal by a sinc pulse envelope (only the centre of the
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The inverse relationship between time and frequency: if the period of

a function is T s, then its frequency is 1/T Hz..
Spatial encoding using magnetic field gradients

Virtually all modern MRI scanners use spatially variations in the

applied magnetic field (Bo), to make the Larmor
frequency spatially dependant. Magnetic field
gradients can be formed in any direction

(G. = dB. . _dB, db. )

. G, =G, =
Codx dy =~ dz

Therefore in the present of a magnetic field
gradient, the local applied magnetic field is
given by:

B(ry=B,+G,r

where

B, = applied field from magnet (T)

4
. t
TT A T
x 9B 4B,
dx dz

Magnetic field gradients are variations

in the applied magnetic field.
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