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BASIC PRINCIPLES OF MAGNETIC RESONANCF

IMAGING

The basic principles of MRI form the foundation for further
understanding of this complex subject ( Westbrook & Kaut, 1998)"

Atomic structure

All matter, of course consist of molecules and atoms, The atom
consists of a central nucleus and orbiting electrons. The nucleus contains
protons which are posilively charged and the neutrons have no charge.
I'he electrons are negatively charged. The atomic number is the sum of
protons in the nucleus and the mass number is the sum of protons and
neutrons in the nucleus (Fillafana, 1999

The atom is electrically stable if the number of negatively charged .
electrons equals the number of positively charged protons. Atoms that are
eiectrically unstable due te deficit, or an excess number of electrons, are
called ions (Viflafana, 1999)®.

Motion within the atom

Three types of motion ar¢ present within the atom. These ure:
L. clectrons spining on their own axis,
2. electrons orbiting the nucleus,
3. the nucleus itsell spinning ahout its otvn axis,

MRI 18 based on the spinning motion of a specilic kind of muclei

present in biological tissues. These are called MR active nuclei {(Welrli,
199"

MR aclive nuclei

MR active nuclei are characterised by their tendency to ali en their axis
of rotation to an applicd magnetic ficld.

The physical property responsible for this alipmment is ealled the total
magnetic moment of the mucleus. Tt is the vector sum of the individual
magnetic moments of all the protons in the mucleus.

Due to the laws of quantum mechanics only nuclei with an odd
number of protons have a total magnetic moment and can interact with
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an external applied magnetic field (English and Moore, 1995Y4.

The sh‘ength' of the total magnetic moment is specific to every nucleys
and determincs its sensitivily Lo magnetic resonance. Important examples
of MR active nucle, together with their atomic number, are listed below.

L
i

Hydroge | ' Carbon 13
Nitrogeu . 15 Oxygen 17
Fluorine 19 Sodium 23
Phosphorus ‘ 31

The number after each element is its atomic nutnber, which is equal 10
the number of 'pmt{ms in the nucleus. All these elements have an odd
number of protons m their nuclei, they are therefore, MR active
(Westbraok and Kaut, 19987

The hydrogen nucleus -

The hydrogen nucleus is the MR active mucleus used in MRI The
hydrogen nucleus contains a single proton (atomic number 1). It 1s used
because it is very abundant in the humar body, and because its solitary
proton gives it a large magnetic moment (Villafana, 1999)™

The hydrogen nucleys as a magnet
1

The laws of elcctromagnetism slale that a magmetic field is created
when a charped particle moves. ‘

The hydrngén nuclens contains one p'msitively charged proton that

spins, 1e. it moves. Thercfore the hydrogen nucleus has a magnetic field
induced around it, and acts as a magnet (Westhrook & Kanr, 1998

The magnot’ of the hydrogen nucleus has in effect a north and a south
pole of equal strength. The north/south axis of each nucleus is represented
by a magnetic moment {fig.1). The magnetic moment of each nucleus has
veclor properties, i.¢. it has size and direction and is denoled by an arrow.
The  direction of the arrow designates the dircction of the mapnetic
moment, whereas the length of the arrow designates the size of the
magnetic moment (Weklrli, 1992)"

In the case of a spinning nucleus, the vector 1s ai 1igned perpendicular to
the plane of spir_]_, as seen in any time one vector in one patricular
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direction canccls with another one ormiented in the exact opposile
direction. As a result, the overall medium does not have an external
magnetic [eld because all the nuclei cancel each other within that
medium (FVillafana, 1999,

Alignment

[n the absence of applied magnetic ficld the magnctic moments of the
hydrogen nuclei are randowmly oriented. When placed in a strong static
external magnetic field (usually referred to as the Bo field) however, the
magnetic moments of the hydrogen nuclei align with this magnetic field.
Some of the hydrogen nuclei align parallel with the magnetic field (in the
sam¢  dircction}, whereas a smaller numbér of nuclei align anti-parallel to
the magnetic field {in the opposite direction) fig.2) (English & Moore,
1995)

The factors affecting which hydrogen nuclei align parallel and which
align anti-parallel are determined by the sirength of the external magnetic
field and the thermal energy level of the nuclei. Low thenmal energy
nuglei do not possess enough energy to oppose the magnetic field. High
thermal energy nuclei do posses enogh energy to oppose this field, and as
the strength of.the magnetic field increases, fewer nuclei have enough
energy to do so. The thermal energy of the mucleus is determined by the
temperature of the patieat that can not be significantly altered and so the

emphasis 1s towards stronger magnetic ficlds (Westhrook and Kaut,
1998y,

In thermal equilibrium the magnetic moments of the nuclei aligned
parallel to the magnelic field cancel out the smaller number of magnetic
moments aligned antiparallcl producing a net magnetic moment (fg.3).

¢ The magnetic moment of the hydrogen is called the Net
Magnetisation Vector (NMV).

» The static external magnetic field is called Bo.

» The mteraction of the NMV with Bo is the basis of MRI.

e The unit of Beis tesla or paus. 1 tesla (T) is equivalent of 10 G00
gaus {G) (Wekr.f:, 1992y,

When a patient is placed in the bore of the magnet, the hydrogen
nuclei within the patient align paraliel and antiparallel to Bo. A small
excess of hydrogen nuclei (only about 1-3 cxcess parallel aligned protons
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(fig.2):

{A) Individual nucleus pusseqsmsa spin  manifests a magnetm fizcld directed
perpendicular to ke plane of spin. This defines 2 magnetic dipole with narth and
south poles, and it 15 said that the rucleus has & magnetic moment Or veclor

{B) In a medium, individual ouclel with their individual magnetic vectors align
randoemly. There is no net external maznetic field since they will all cancel each other.

(C) When an external magnetic field {Bo) is present, the nuclei of the hydrogea line
up either in the same direction as Bo {paraliel) or in the opposite direction of B0
{antizarallel). There is only a slight excess aligned in the parallzl direction (Viliafana
19993 ™
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for every million protons) align parallzl to Bo and constitute the NMV of
the patient (Villafana, 1999

4

Praecession

Each hydrogen nucleus that makes up the NMV is on its axis. The
influence of Bo produces an additional spin around Bo, This secondary
spin 15 called precession and causes the magmetic moments to follow a
circular path around Bo.This path is called precessional path and the
speed at which th NMV wobbles around Bo is called the precessinal
frequency. The unit of the processional frequency is the megahertz
(MHz} (fig.4) (Westbrook and Kant, 19987,

The Larmor equation !

The value of precessional frequency is governed by the Larmor
equatien. The Larmor equation states that: '

The precessional frequency =Boxk 1
k
Where Bo = the magnetic field strength of the magnet.

K =the gyromagnetic ratio which is a constant for each different
nucleus and is defined as the precessional frequency of a
specific nucleus at 1.0 T). -

The pyro-magnetic ratio of hydrogen is 42.57 MH=zT. Qther MR
active npuclei have different gyromagmetic ratios, and therefore have
differcnt precessional frequencies at the same field strength .In addition,
hydrogen has a different precessional frequencies at different field
strength. For example: '

At 1.5 T the precessional frequency of hyd‘.mgen 1% 63 .86 MHz
(42.57 M1z x1 5T) .

At 1.0 T the precessional frequency of hydrogen is 42.57 MHe.
(42.57 MHz x1.0 T) [

AL 05T the precessional frequency of hydrogen is 21.28 MHz
(4257 MHzx0.5T) 5

The precessional frequency is often called Larmor frequency, becanse
it is determined by the larmor equation. As the gyro-magnetic ralio is a
constaut ol proportionality, BO is proportional o the Larmor frequency.
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