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Figure 1. A gyroscope pre-
cessing in a gravitational
field and a nuclear spin pre-
cessing in a magnetic field.

Magnetic Resonance

Imaging (MRI) is the

most sophisticated

imaging method in

use today.  The

technique uses a

combination of radio

waves and magnetic

fields to reconstruct

the images of soft

tissue in the body.
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A living tissue

consists of 60-80%

water – truly a

watery world!

Nuclei of hydrogen

atoms, i.e., protons

(with spin of 1/2),

are present in

water and in lipids,

and are the objects

that the MRI

machine ‘sees’.

The trick to

obtaining an image

of the protons is to

differentiate them

spatially. This is

achieved in MRI,

by applying linearly

increasing

magnetic field

gradients.
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Kavita Dorai

A two-dimensional

image is obtained in

three steps.  In the

first step, called

‘slice selection’,

spins in a slice are

selectively excited.

The next step is to

distinguish the signal

coming from

different spatial

locations within the

slice.  This is done

by applying a

gradient G
X 
(called

the frequency

encoding gradient).
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Magnetic Resonance Imaging     

The final step in

acquiring the 2D

MR image is to

encode the

information of the

second spatial

dimension, i.e., the

y coordinates of

the protons.  This

is done by applying

a second gradient

G
y
 (called the

phase encoding

gradient), in the y

direction.
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Kavita Dorai

One popular imaging

technique based on

2D Fourier

transforms, emerged

from the group of

Nobel Laureate

Richard Ernst in

Switzerland.

The echo-planar

imaging method

(EPI) of Peter

Mansfield is the

fastest possible

means of generating

an MR image.
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Magnetic Resonance Imaging     

The most common

parameters used for

tissue contrast in

MRI are the two

relaxation times T
1

(the spin-lattice

relaxation time) and

T
2
 (the spin-spin

relaxation time).

The clinical

applications of MRI

are too numerous to

list.  The technique

can show the

differences between

gray and white

matter in brain and

can give clear

images of organs

located within dense

bone structure that

tend to block X-ray

penetration.
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An MR view of a healthy brain. MR image of a brain with a tumor
(a metastatic adenocarcinoma).

Figure 2. MR images of the
brain showing tissue con-
trast and relaxation-weigh-
ted differences.
Pictures courtesy the whole
brain atlas of the Harvard medi-
cal school. http://www.med.
harvard.edu/AANLIB/home.
html

MRI is an important

tool in angiography

for studying blood

flow and heart

function.  MRI is

also the best

technique for

detecting brain

damage in multiple

sclerosis, for

detecting brain

tumors, and for

characterizing spinal

cord injuries.
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An MR image of a beating
human heart.

An angiogram of a kidney.

Figure 3. MR image of the
heart in a patient with hy-
pertrophic cardiomyopathy
(i.e a very thick heart mus-
cle), and an angiogram of a

kidney after a catheter has
been placed in the renal
artery. The images were
obtained using cardiac gat-
ing.
Pictures courtesy the NCl-
Frederick institute. http://
www.lecb.ncifcrf.gov/flicker/
heartMriFlkPair.html and the
National Institutes of Health
http://dir.nhlbi.nih.gov/lrp/
labs/cardiology/renalmra.htm
respectively.

Functional MRI

(fMRI) can identify

parts of the brain

involved in various

activities.  Activation

results in increased

blood flow to that part

of the brain.
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The brains of

bilingual subjects

show more activity

in diverse areas of

the brain.

The major

advantage of MRI

is its non-invasive

character and

unlike X-rays has

no radiation risks.
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Figure 4. fMRI images of the brain during a language study involving performance between single-
language and dual-language picture naming in a group of three Spanish-English bilingual subjects.
Picture courtesy researchers at the University of California, San Diego  http://crl.ucsd.edu/bilingual/fMRI3.html.
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Winners of the 2003 Nobel
prize in medicine.
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