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INTRODUCTIAON

The head inlury is one Af the most freguent and grave
forms of neurnlogic disease . Head injury has early , as well
as late saquela= , and =2arly diagnosis helps much 5 radunIing
its morbidity and preventing 1ts complications . The =stiolagy
a0F the nead injury is abvious y=2t the biomechanics of its
production are not antirely understood ( Zimmerman et al. ,
1978 ) .

although theas2 injuriss may be immediately fatal,

asrmanent neurclogic and psychologic disability are most

freguently associatad with secondary lasions that dav=lap

aftar impact . It 13 necassary tg initiate rapid and accurate
Aarision in those patisnts who may regquirs immediate sSUrgary.

i{ Shaten and Hande=l , 1931 7 .

il

Computed Tomographic scaning has a well stablizh=d role
in the =arly diagnosis of the haad injury and 18s Ccomplicat—
—1oNG .

The Magnetic Re2zanancs2 Imaging has avolving ~ol= 1in he=ad

injury diagnosis , which may aff=zct 1%3

manag=ament 1o the

nzar futursa .

The aim of this work is to study the avolving role of
Mangneatic Resonanc2 Imaging and Computed Tomographic Scaning
in the diaognosis of head injuri=as and try o issue a protocol

of work using the Lwo modalities .
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FUNDAMENTAL
PHYSICS
0F
CAT SCANING
AND
MAGNETIC RESONANCE

IMAGING
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Historical :

A naw maethod of forming images from  X-rays was
daeveloped and introducad into clinical use by the British
ohvsicist Sodfray Hounsfield in 1772 , and is refsred to as
computed transmission tomagraphy , computed tomography  CT )
or comnputerized axial tomography { CAT ) . Hany pecples regard
tgis invention as the greatest st2p forward in radiclogy
zince2 the discovery of X-rays by Raosntgen in 1875 . 1%
rasgltaed in 1979 in the Nobksl Frize for Midicine being

awarded jaintly to Dt. Hounsftield and professoaor A. M. Cormack

Hounsfield s work was basaed on ressarch into data
retris=val and transformation . In the2 coursese of this work it

become cl=ar that thare were many

<
W

reas 1n ownich large
amountzs of information ware theoritically avallable but whers
the techniguss of ratrisval and prasentation used weres so
inatficient that most of the available data were wasted
HounstTield considserad that this was particularly so in
conventional L - ray =yxaminations .

Tha basic and revolutionary assumption was that
mzasuraments taksn of X-rays transmiftted through the body
contained information on all the constitu=nts af the body in

the path of th

1]

beam . By using mulfidirectional scaning aof
the obisct multipls data were collected . Their

int=rpretation raguired a mathematical solution using a
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computar to perform the calculation . This information cowld

riizn b2 pressnted 1n a conventional raster foerm , and Trom

T

thez2 reasults a two-dimensional picture could b2 produced .
In practice the systam developed was similar to the principle
of tomography already widely usad in radiology and i1n which

pilCctures are pre2senta2d as a seriss .

( Sutton , 1527 ) .

TECHMICAL ASFECTS

In computed tomocgraphy the X-ray output is collimated to
a vary narrgw beam . While passing through the patisnft 1F 1s
partially absorped , and the remaining photons of tha {-ray
b2am fall on radiation detectors instead of X-ray Tilm . The
detectar response 13 directly relataed to the number of

photons impinging on it and so fto tissue dansity , =ing

1]

El

2

H]

grzater proportion of X-ray photons passing through den

tissues are adsaorped than are absorped by the less dense

[n
[
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N
o
m
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When they strike the detector the X-ray photons
ar= convarted to sintillations . These can be guantifiad
recordad digitally . The information is fed into a computer
which produces differsnt readings as the X-ray b2am is

traversed around tha subject . Even in 1&ts ariginai form

o

this m=ant that the computsr dealt with a vast number aof
digital out rapresenting the absorption in 2ach tiny ssgment
af the section traversed . This information c€an also be

prasanted in analoguz form as a two-dimensional dispiay of

the matrix on a screan whsre s2ach nunerical value 13
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represented by a singite picture alement ( pixel ) . The more
modern machines have improved the resoiution by diminishing
the size of each pixel .

The first machine had only two detectors and used
sharply collimated beams of X-rays . The modern machines use
a fan beam of X-ray and multiple detectors . The original
machines took 4 - 5 minits to perform a single tomographic
slice . The present day machines can obtain slices in 1 - 2
seconds in the fast mode of operation , though times varying
form 5 - 10 seconds are used for high resolution in routine

practice ( Sutton , 1987 ) .

Data Presentation :

Maost scanner now present the data obtianed as an
analogue display of each tissue on a cathode ray tube .
Presentation is usually in the form of a gray scale in which
whiteness is proportional to the X-ray attenuation
coefficient of tissue at each point ef the scan . Thus
radiopaque materials appear white and radiolucent tissue
appears black . The range can be varied by changing the
"gate” or "window™ width ( W ) at will so that tissues
within a wide range of densities or a narrow range can be
evaluted . The central point orlevel ( L ) of the window can
also be vaired . In routine work the "gate"™ width for brain
work is O - 80 using the Hounsfield scale . The Hounsfield
scale is an arbitrary one with air at - 1000 units and water

at 0 units as fixed points . The numerical value assigned to
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the attenuation coefficient bears a linear relationship to

the electron density of the tissue concerned.

MR1 Physices ( Sutton , 1887 ) |
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MRI Fhysics

At the =2nd of 1985 , more than 220 magnetic raesanance

rapid development and acceptance of this new technology is
atribute to its prover capabilities and to the pramiss #R
holds for the future of diagnostic imaging .

Some basic fzatures of T systems ( such as
d1isplay consoles and array proc2ssor computers ) could be
directly transferred with modification to the new MR systams.
Moreover , tha intellectual climate in the medical community
was realy to accept the mulfiplanar format offered by
Magnetic resonance imaging ( fMRI ¥} .
A dacade of CT7 superiencs had laid the basic foundations for
intarpratation of cross — sactional images ( Allan D, Elster

s 2t al |, 1285 ) .

sama2 AdvantagsE and Disadvantagss of MR Comparsd With CT.

Somz advantages of MRI ars2 that no 1onizing radiation 1s
used 1n the technigque , fswer artifacts from dense bone and
metal clips , 1maging in multiple planes without moving the
pati=2nt , si1gnals from tissues are dependant on sevaral
chemical and physical properties , which may be studiadg
indepsndantly , future potential Tor flow measurments
spectroscopy , blochemical characterization and physiologic
moni1itoring .

Hawaver disadvantages ares that MR1I has a slowsr scanning

timaes than CT , high init:ial cast of the scanner , special
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s1ft2 planning and shielding , damger to patisnts with
cersbral aneurysmn clips , pacemaksrs and it has a potential
of unknown effsct of high magnetic field and claustrophobia

in magent .

The Magent :

e str2ngth 2f thes nagnatic 7ield and how that fi=ld 1=
praduced lie at the heart of MR technology .

it is nessecary to know a iittle about the various magant
types and sizes in order 0 bs convearsant in the fi=ld . Alld
magnets used in FMRI can be placs=d in onz= of thiea

Catagories - FParmanent , resistive or superconductive | Allan
D. Elster =t al , 1385 ) .

Fermanent mangets are gaints versions of the hand _ held
norseshos magnet us=d as children s toys . Fermanent HR
magnets ar2 very stablz and produc= a uniform magnetic fizld.
They are cha2ap to operats y SINC2 they reguira2 no powsr
sourca or cooling system . The major disadvantage is their
weight , which may be as great as 1G0 tons far large magent .
The Fonar Beta 3000 scanner is the most papular example of a
parmanant images { Allen D. Elster et al , 1985 ) .

Fesistive magents wars the sarlisst tvpe used in FRI
relatively cheap ta build , these magents are giant
farromagnatic carss with electric wirs windings that produce
their fields 33 solsnoids ¢ alectromagnets 3} . The fields
obtained are relatively low and nonuniform . Resistive

magnets also reguire a large amount of electric powar to

Central Library - Ain Shams University



Y= ~ Il nliilnl
Eaveral compan:

L
[wl
i
t
w
ot
i
[Ny
]
4
2
1

stanners , but their popularity is dacreasing (

Supercanductive magnets ars the type used

&ilen
in mast

zlinical MR principles of aperation is based on the phenomanon

af superconductivity that occurs in certain metals when thay

ara coolad to low temperatures ( 4 k ) by liguid heslium

these temperatures near absolute zeras y 2le2ctri

in solenoid winding disapp=ars , and a strong

C tr2sistancs

At

uniform mag-

netic fisld is produced with no significant loss of enar

=5 4

suparconductive magnets produce the strongest fields of any

magnat , and the fi=lds are very uniform . Disadvantages

include 2rpsnse of construction asd 2xpense of
( liguid h=2lium and nitrogen ) y wWwhich must be
2vary few weeks at a cost of several thousands

The strength of a magsntic fisld by which

rated 135 measured in wniits called Sauss (5 ) o

tha term Tesla 1s now partersd gver the oldor t
For purpose of convarsion N

1T = 10,000 5 .

The wmagnetic feild strengt of magnets in most of today’

scanners lies in the range of 0.15 to 2.0 T.

If is difficult to appreciate the size of

Crycyan

3

replenishsd

=

MR

tha2 magneotic

fields used 1n MR scann=2rs , singe the units Gausss an

nave little meaning except tg phycicsts .

I

magrietic field aon it s zurface is about 1,2 § .
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Tha strength of 1.5 T MR sScanner magn=2t can b= approciated bv

the force it would exert or Aearby metalic obiescts ( Allen L.

m

lster et al , 1934 ) .

The Meaning of Nuclear Magnetic Resonance :

The term nuclear reminds us that we are de2aling with a
proceass that involves the atomic nucleus , not the electron

cloud sureunding it . In resaarch centers using s=pecial

[y g
{3

scanners , i possible to image by MR a nunber of differant
atoms , including hydragen » Sodium , potassium and Fluorine
In general clinical usae today , howsver , only hydrogen
imaging is pertormsed . Since the most abundant hydrogen
i1sotope contains anly a single proton in its nucleus y W& may
canclude that MRI in clinical practice today inwvolves only
Nydrogen protons .

The term magrnetic refers to twa things . First of all .
the process of MR tabss place within the bore of larg=a mogent
this magnet praducses a tremendously powerftul static fi=ld ,
d2noted Bo ( Static or constant magnetic fiesld } . This
static magnetic fi=sld has a strength many thousands of times
that of the sarth s own magnatic field . The Bo fiseld remainz
an at all timas throughout the 1mAging process . Additional
smaller gradient and radio~freguency magnetic fields times
superimpos=d on the static fietd far purpoczes of spatial

encading and nuclesar stimuulation y but the EBo Ti=ld remains

constant and nevsr shut aftf .
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The second magnet that MR referes to is the hydrogen
praton i1tself . guantum th2ory 1mbues =2ach proton with
c2rtain magnetic physical properties ; allowing it to
interact with energy in the elactromagnetic spectrum . Each
oroton may be thought of as a tiny spinning magnet |, which
may interact with other nuclear magnets in neighboring atoms
as well as with externally applied magnetic fields _ gquantum
theory limits this proton magnet to certain fixe=d energy
1évels and grientations . By jumping b2twesn these fiuxed
¢ guantired ) energy lavels and orientations , each proton
may absorbe , store and emit electromagnetic energy in the
form of radio waves . These smmit=d radio waves are detected
as the MR signal . MR s:ignals from ach small volume slemsnt
2t tissue are assembled to produce the final MR image .

The term resonace is usad to describe any physical
system that gscillates betwsen high and low 2nergy states .
In the world o7 MR , this involves hydrogen protons absorbing
and realeasing enargy in th2 electromagnetic spectrum by
transitions between guantizsed energy levels . AS will be
described , such transitions can occure only when ensrgy is
suppli=d or absorbed at a specific freguancy in the range of
radio waves , called the larmsr resonance freguency .

Although this aosciliation of proton energy states is
somewhat difficult to visuwalize , many 2xamples of the

resonance phenomencon surround us in the larger world .

Well recognized sxamples of resonance include a vibrating

— 1 i:l —
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funing fork , a swinging penduium , a plucked guitar string

and a child on a pogo stick ( Allen D. Elster et al, 198& 7

The process of MR signal gen=ration Can b2 Lfthought of
inta two steps -

¢ 1 3 Stimalation to resonanca

( 2 ) Relaxation fram resonanca

Four Froperties Determine MR 3Signal Strength :

How bright a dot appear on the final MR image is
directly proportional to MR signal strength recorded from the

volume element of tissuwe represznted by that dot .o In

ganeral , four physical characteristics of a tissus being

1maged will determine how strong a signal that tissue a@mitbts

whzn stimulated into magnetic rescnance

Thesa four prop=rii=ss are :-

{1} the concentration of hydrogen protons in the tis=ue |

(2) the velocity at which thes=2 proctons are moving .

{Z) Tl relauation erfects

(3) T2 relavation effects

Hydrogen Concentration i

Since MR 1s a phencmencon involving hydrogen protons , 1k

is Not surprizing that the recorded signal intensity from a
tissue should be directly proportional to hyderog=a

concentration in that tissue . The relative hydrogen darnsity
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