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Physical Principles of Magnetic Resonance Imaging in Animal

Jong-gyu Kim
Department of Clinical Pathology, Ansan College, Ansan, 425-701, Korea

ABSTRACT : Magnetic resonance imaging (MRI) is an imaging technique used to produce
high quality images of the inside of the animal body. MRI is based on the principles of
nuclear magnetic resonance (NMR) and started out as a tomographic imaging technique, that
is it produced an image of the NMR signal in a thin slice through the animal body. The ani-
mal body is primarily fat and water. Fat and water have many hydrogen atoms. Hydrogen
nuclei have an NMR signal. For these reasons magnetic resonance imaging primarily images
the NMR signal from the hydrogen nuclei. Hydrogen protons, within the body align with the
magnetic field. By applying short radio frequency (RF) pulses to a specific anatomical slice,
the protons in the slice absorb energy at this resonant frequency causing them to spin per-
pendicular to the magnetic field. As the protons relax back into alignment with the magnetic
field, a signal is received by an RF coil that acts as an antennae. This signal is processed by

a computer to produce diagnostic images of the anatomical area of interest.
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Fig 1. Parallel and antiparallel magnetization of proton. (a)
abscence of external magnetic field, (b) strong magnetic
field.
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Fig 2.Transverse magnetization. Effect of 90 degree pulse
on net magnetization.
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Fig 3. Transverse magnetization.
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Fig 6. T,-weight MR image from an 10-year old man TR/
TE=500/20.

SUe A Beln FA} R ERE mE R
thFig. 6). B e T, 438 JUehiy] o

ol AA vehddt,

T, 4= %4t

Z89] TX Zol& B4 contrast2H F2 o}
Efi= Aot} TR, TES A SER <Jsir &
ojzit}. Wyl A5 Xgdl HFstn] W}
49129 contrasv} EUE HAME T, AE F
Arbe d2 FWEe sa, wEe Aoz 4
= s Ao 2 AETo|tkFig. 7). WA
52 T, 948 JYehlr] d&dd 3A Ro|d

F919] $4xAn Hgo) & ek

MRI ZYH|
MRIE= & %3 contrast NsHE 7EXaL

oSuz YRy A ZIAE gaz 3l gerh
a8y QA3 249 A 2T o= A
NNME T, T, 8F= vehlo] 7hdo) 3% Ro)
U 29 X4 CTE o] £o|g $uEo] MRIC
e AT FEER g 3971 Aok

oy 7kx] 2GAVE A7ET AN EA 1 <

FIg 7. T,-weighted MR images from an 10-year old man
TR/TE=2500/20.

A8 3 F8&4ol BrteEa e AL cd*
(gadolinium)®] chelatex] Gd-DTPA o[t} H=F
ARE EHolM MFEdor BYRy 23217374
A g Hpgel Rse] sl Y4 e
T, T, o] 93] Y EAHE JERJTHsse4021

MRIS| EED £y
MRI®] FHe A%zA 2 AD 59 conwast 3
Eon, Wol| 9% arifacl 131 A, &
7} wiske] oAl @odo] sbsEla, ZHA
AEHA Q0] rhFeditt. 28l 4% 28
o WE ZAEAPNG] sbedlal, HAPPAMIE o
37 erhe Aelch

MRITHHS XA CTell HI3) o= 37teln {3
H7F =3, x4 cTol s F3F siakEoe] ot g
goin #GAzte] A7) YRo] TFLFo F
4% 5o 9% 8 Ase dosy] dok agn
pacemakerS A& 3= 5o Axp) EHA gett
= Aolopnz,

4 8
A7) FYIe TBA RS we G4 AL

== 83 A, A16@, A1E, 1999



SN A7) 3% 9 el 229 e 9

Yehl7] el AgEe 9d7IdEolt MRIE 9
A7 A f 7]_%} SEAE F3A
gFre HHo= NMRAZY F4& Ak &F
IR AT FEAe F2 ANS 2

2 TAST B FAYANE JRT AU
< NMRAEE 7HAH MRIE T8 FAY9A% o=

FEH NMRAZE 3oz fh d5o] o4Rapds
o oA =Y AR50 Ao Lol FHHA
He A3 Asgeist Hit, q7)d 2Rzl
20l AdAS Fu4el  3FI(radiofrequency
wave)s ZIEIFE A @S duA] AdeEje] AxE
o] 30 UAE FFY &L YA FEHE

o71=EEH olAE %—fé?fi*c}o 2hal 3, /e ol
A nFaE gow gxElEe] F4EEd uFn
AYAE oA # S}E‘W 4z °W”EHE o}
7l olE olgole} a1, o] W WEEHe 1Fu
FR]7} MRAZZF "ot & NMRAZE 3%

ARREES ke xSt olghelA ksl 3F
solt}. A7) FHFEL ©] NMRAUZE HFHE
B8t A7Adsted 993 FR.

#IoE2H

1. Beall PT. Antey SR, Kasturi SR. NMR. Data
Handbook for Biomedical Applications. New York:
Pergamon Press, 1984.

2.Bloch F, Hansen WW, Packard M. The nuclear
induction experiment. Phys Rev 1946; 70: 474-485

3. Bradley WG, Schmidt PG. Effect of methemoglobin
formation on the MR appearance of subarachnoid
hemorrhage. Radiology 1985; 156: 99-103.

4. Budinger TF, Cullander C. Health hazards in
nuclear magnetic resonance in vivo studies. Radio-
Graphics(Special Edition) 1984; 4: 74.

5. Felix R, Schommer W, Laniado M, et al. Brain
tumors; MR imaging with gadolinium-DTPA. Ra-
diology 1985; 156: 681-688.

6. Fike JR, Cann CE, Turowski K, et al. Differen-
tiation of neoplastic from non-neoplastic lesions in
dog brain using quantitative CT. Vet Radiol 1986;
27: 121-128.

7. Foster MA. Magnetic Resonance in Medicine and
Biology. Oxford: Pergamon Press, 1984; 1-27

8. Harms SE, Morgan TJ, Yamanashi WS, et al. Pri-
nciples of nuclear magnetic resonance imaging.
RadioGraphics(Special Edition) 1984; 4: 26-43.

9. Hendrick RE. Image contrast and noise. In: Stark
DD, Bradley WG(eds). Magnetic Resonance Imag-

Korean J. Vet Clin Med. Vol. 16, No. 1. 1999

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

ing. St Louis: CV Mosby Company, 1988; 66-83.
Jacobson HG. Fundamentals of magnetic imaging. J
Am Med Assoc 1987; 258: 3417-3423.

Jacobson HG. Magnetic resonance imaging of the
central nervous system. J Am Med Assoc 1988;
259: 1211-1222.

James AE, Pickens DR, Rollo FD, et al. The
clinical potential of NMR: An overview. In:
Partain CL, James AE, Rollo FD, Price RR(eds).
Nuclear Magnetic Resonance (NMR) Imgaing.
Philadelphia: WB Saunders, 1983; 297-311.

Kean D, Smith M. Magnetic Resonance Imaging:
Principles and Applications, Baltimore: Williams &
Wilkins, 1986.

Niendorf HP, Laniado M, Semmier, et al. Dose
administration of gadolininum-DTPA. AINR 1987;
9: 803-815.

Partain CL, Price RR, Patton JA, et .al. The
physical basis for NMR imaging. In: Partain CL,
Runge VM, Price RR, (eds). Nuclear Magnetic
Resonance(NMR) Imaging. Philadelphia: WB Saun-
ders Co., 1983; 73-93.

Partain CL, Runge VM, Price RR, et al. Nuclear
magnetic resonance imaging. RadioGraphics(Special
Edition) 1984, 4: 5-25.

Pavlicek W, Modic M, Weinstein M. Pulse seq-
uence and significance. RadioGraphics(Special Edi-
tion) 1984; 4: 49-65.

Purceil EM, Torrey HC, Pound RV. Resonance
absorption by nuclear magnetic moments in a
solid. Phys Rev 1946; 69: 37-38

Pykett IL, Newhouse JH, Buonanno FS, et al
Principles of nuclear magnetic resonance imaging.
Radiology 1982; 143: 157-168

Schorner W, Laniado M, Niendorf HP, et al. Time-
dependent changes in image contrast in brain
tumors after gadolinium-DTPA. AJNR 1986; 7:
1013-1020.

Stewart PA, Hayakawa K, Farrell CL, et al
Quantitative study of microvessel ultrastructure in
human peritumoral brain tissue. Evidence for a
blood-brain barrier defect. J Neurosurg 1987; 67:
697-705.

Valk J, MacLean C, Algra PR. Basic Principles of
Nuclear Magnetic Resonance Imaging. Amsterdam:
Elsevier, 1985; 11-52.

Villafana T. Fundamental physics of magnetic
resonance imaging. Rad Clin North Am 1988; 26:
701-715

Wolf GL, Baum S. Nuclear magnetic resonance
contrast agents for proton imaging. RadioGraphics
(Special Edition) 1984; 4: 66-73.



