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Historical Introduction

Magnetic resonance imaging (MRI) is an imaging technique used in medicine to produce high quality images of
the inside of the body.awall S/ sgal) Lille g gl cubalf A adficd y guai 4087 98 sibilital) il gy pall)

MRI is based on the principles of nuclear magnetic resonance (NMR), a spectroscopic technique used by
scientists to obtain microscopic chemical and physical information about molecules. (i s Ao dalny
bl J o 4 g Al b g Aibass cila gl o J guaadl plalal) Lgadiiin dpiih 4085 A g g 9 5il) (uarhilial)

The technique was called magnetic resonance imaging rather than nuclear magnetic resonance imaging
(NMRI) because of the negative connotations associated with the word nuclear in the late 1970's. s3 le &tk 8
Al B 55 Al A jall Apled) YA G 5 99 runhiliial) (il o geall) (1 Yy pamhaliial) ¢ N geal] pasd AR
i)

Cary

MRI started out as a tomographic imaging technique, that is it produced an image of the NMR signal in a thin
slice through the human body. 488 Aay )d 8 (5 95l audalinall ¢ 1) 3 LY 3 gua il Eua ¢ akallall y guaill A iy

L) a0

MRI has advanced beyond a tomographic imaging technique to a volume imaging technique. This package

presents a comprehensive picture of the basic principles of MRI.

Felix Bloch and Edward Purcell were awarded the Nobel Prize in 1952, discovered the

magnetic resonance phenomenon independently in 1946, s gl 45 1) (abaall gt 485 e ol g4 La ) Cuaai a8
disd B o dauss 930 E b Sild Jas | philiaall ol sagaill Ao (galaall ALali B 900 A Jal) 038 a5 (a2l
1946 ale (A Sl JSdy (punbilinal) G 1) 5 aU W) 5 <1952 ale (b

In the period between 1950 and 1970, NMR was developed and used for chemical and physical molecular
analysis. .t il g (Aaash i al) Julasl) 8 daladied g (g 998l esliiall Cpipl g ol 4319709 1950 (o La 3580 B

In 1971 Raymond Damadian showed that the nuclear magnetic relaxation times of tissues and tumors differed,
thus motivating scientists to consider magnetic resonance for the detection of disease o/ Jbulels Lisars gl 1971
el 8 Sl bl i ) A B o pladel) jia Laa (CiliST ) 98 g daanDl 5 g5l bilibal) 15 i) Cild gl

In 1973 the x-ray-based computerized tomography (CT) was introduced by Hounsfield. This date is important to
the MRI timeline because it showed hospitals were willing to spend large amounts of money for medical
imaging hardware.
el Joaall Uaga gl 138 3y abbaigle ddac gy i) AadY) o adlinal) G gaall oakalall gl 4l o5 (1973 oo
bl el Bigal e umS Mie WY clidied) o deia) gl AN wblEal)l ol sl
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MRI was first demonstrated on small test tube samples that same year by PaullLauterbur. He used a
back projection technique similar to that used in CT. wudi (8 5 e L) culil cilie o 3 50 J oY 4l e a8
wrhiall sl b dasiial) Al Agilial) LAY Sl 485 aadiiad | g 539l O g0 a9 alad)

In 1975 Richard Ernst proposed MRI using phase and frequency encoding, and the
Fourier Transform. This technique is the basis of current MRI techniques. wwbil clise e 3 J4¥ 4ua e o
il i geaill b dasiical) Al Agilial) ALY TG 480 addiiad | ) ga 559 g0 Al go alad) (i A B piua LEA)

In 1977, Raymond Damadian demonstrated MRI called field-focusing nuclear magnetic resonance. .
Jaall o 38 g2 (6558 oaalinall ¢l amall pendaliiall Gl g gl claabald Xigay ) sgEl <1977 ale

In same year (1977), Peter Mansfield developed the echo-planar imaging (EPI) technique. This
technique will be developed in later years to produce images at video rates (30 ms / image). alal (udi A
Yy ) gea LY AR i gleal) (B ARl 038y okl alan g (g gienall sually  guall) Al Aldaila i sk «(1977)
(Busa /&6 Ll 30) s

Edelstein and coworkers demonstrated imaging of the body using Ernst's technique in 1980. A single
image could be acquired in approximately five minutes by this technique awall s g o’5dla )y cplidds) g
oS o3 aladily Uy i (3183 (el MR Baal 9 8 gua o gl (Sarg 1980 ale (& Conad ) 4385 a)adiuly,

By 1986, the imaging time was reduced to about five seconds, without sacrificing too much image
quality..dugall 3asa (pa LASIL dpadatl) (93 ¢l g8 (uad (M ga ) g guall) 2B g L85 o5 <1986 ale Jslaag

The same year (1986) people were developing the NMR microscope, which allowed approximately 10
um resolution on approximately one cm samples. il sgaa Gsusky ol S (1986) aladl (udi A
L a1 AL il G &S e g Saa 10 ) Jeati A8 e s g <5 9531 (ulalinal)

In 1987 echo-planar imaging was used to perform real-time movie imaging of a single cardiac cycle.
Baa) g 4lh 5 ) gal ndl) cidgl) B dladiw g gaali £ Y s ially paall o guaiil] aladiind a1 (1987 ale

In this same year (1987) Charles Dumoulin was perfecting magnetic resonance angiography (MRA),
which allowed imaging of flowing blood without the use of contrast agents. HLas (S (1987) alad) (i B
LRl Sl ge aladiea) ¢ g0 (3RIAN) aal)  gualy gran (g 2) analitall Cpni g Aue oY) o guall (L (al ga g0

In 1991, Richard Ernst was rewarded for his achievements in pulsed Fourier Transform NMR and

MRI with the Nobel Prize in Chemistry. 4xusd Jagad (8 490 jlad) lo ) oLy sllsa < (1997 ale B
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In 1992 functional MRI (fMRI) was developed. This technique allows the mapping of the function of the
various regions of the human brain. 4 sl Jai) & aw ) 45830 o3 i A gl pendaliial) (i My g geaiil) sy skl a3 1992
Ll Elaal) B Adlidal) shlial)

Five years earlier (1987) many clinicians thought echo-planar imaging's primary applications were to be in real-
time cardiac imaging. ¢ ¢sSiv g siual) sally jgeaill Lpuleal) cilipdail) o sLkY) (o Bl SEie) (1987) & i uad JB
hdall < gl) gﬁ lal) 1 guad

The development of fMRI opened up a new application for EPI in mapping the regions of the brain responsible
for thought and motor control. S&ll ge Al gsmall §laal) glalial Jaif A an b 12 Gadad A3 gl) pausdalitall (yui )1 o lal e
Sl asadll

In 1994, researchers at the State University of New York at Stony Brook and Princeton University demonstrated
the imaging of hyperpolarized *Xe gas for respiration studies 4 < sad LY deals 4 Gsialdl 4bf <1994 ple 4
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In 2003, Paul C. Lauterbur of the University of Illinois and Sir Peter Mansfield of the University of Nottingham
were awarded the Nobel Prize in Medicine for their discoveries concerning MRI.us A8l .o J s Jas <2003 ple 2
wpoalalineal) il guailly Adlnial) agilBLAISY ulal) (A gy g 53 I8 algadiph drala (e dlibeaila jly jaeall g (s i) dralas (e

MRI is clearly a young, but growing science..<tie 43815 oL ale g daliaal) gl geaill Of geal g (s
Why MRI?

When using Xx-rays to image the body one doesn't see very much. The image is gray andflat (2-dimenssional).
The overall contrast resolution of an x-ray image is poor. In order to increase the image contrast one can
administer some sort of contrast medium, such as barium or iodine based contrast media. By manipulating the x-
ray parameters kV and mAs one can try to optimize the image contrast further but it will remain sub optimal. +=
A2y 5 ) gl Adlany) cplal) A8y (M) Aul) dadacea g dgala ) 5 guall L SN £ pal) 5 Y camadl u saall Agiad) AndW) aladiia
Ga sl sl as gl e Al Cpll il g Jia ¢ abl) Jaibag (5o L @ 63 aladin) (e B geall (ol B dal (e A A
LY (s ganal) (g0 Miew 4SS ) ISy B geall (i Gaennd Jglag ¢ £ el ¢Sy sl daY) clalra dallaa A

With CT scanners one can produce images with a lot more contrast, which helps in detecting lesions in soft
tissue. .5 il Al b Y GELEIS) A so by Laa i Sl ol i) gua L 5 pall (S cdadallal) A guall claalal) aladiuly

The principle advantage of MRI is its excellent contrast resolution. With MRI it is possible to detect minute

contrast differences in (soft) tissue, even more so than with CT
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images. By manipulating the MR parameters one can optimize the pulse sequence for certain
pathology. cse «osblianal cisll o seatll Aladiuly 3 5ledd) bl 43 b enbaliandd) Gl s geatl Aul) 5 50al
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Another advantage of MRI is the possibility to make im in every imaginable plane, which is quite
impossible with x-rays or CT. (With CT it is possible to reconstruct other planes from an axially
acquired data set). ) sa 9 ALAT (Say (5 fiwa JS B geall JalETl) ApilSa) (A pndliial) ¢l g gaill (AT B 5
sl Bale) (faall (a0 crmgaall adalal) pguall) aladialy)  Aabiiadl dadY) ol ) AadY) aladiuly Gl Jiades
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However, the spatial resolution of x-ray images is, when using special x-ray film, excellent. This is
particularly useful when looking at bone structures. The spatial resolution of MRI compared to that of
X-ray is poor. uia 1 g el A dadi ald aladic) die 3 jlias ¢y e85 Aiaal) AdY) ) geal 43Sl 481 b (1 pag
A Aiand) AL 4 e adaliieal) ¢ 1 o gaail! AlSal) 4301 Agalind) JSLigd) ) JBAI die ald JSdy

In general one can use x-ray and CT to visualize bone structures whereas MRI is extremely useful for

detecting soft tissue lesions. sxg<aill Laiy caliall Jsba ) guail dahial) AadY) g dbual) Al aladind (Say cale Sy
5300 Ay cld e LAl A6 ada ulaliial) o
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