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* MOTION PROBING GRADIENT PULSES

Fig.1. The pulse sequence of diffusion weighted
imaging. Motion probing gradients are added on
either side of 180 degree pulse in spin echo sequence.
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Fig.2. Relationship between constant gradient fac-
tor and logarithm of the signal intensity observed.
Motion probing gradient was added on X, Y, or Z
axes. Fitted slope of lines represents diffusion
coefficients.
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Fig.3. Diffusion weighted images of celery and water

phantom. The direction of the gradient was parallel
to the celery fibers in Fig.3a and perpendicular in Fig.
3b.
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Fig.4. Normal adult brain in 25-year-old male (coronal
images) (a) T, weighted image (SE2000/80). (b, ¢)
Diffusion weighted images. Signal attenuation is
demonstrated generally. (b) Motion probing gradient
is added vertically. (c) Motion probing gradient is
added horizontally. Large signal attenuation is demon-
strated when the motion probing gradient was applied
parallel to the direction of white matter. In corpus
callosum, espetially signal attenuation is marked
(arrow).
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Fig.5. Normal adult brain in 25-year-old male (axial
images) (a) T, weighted image (SE2000/80). (b, ¢)
diffusion weighted images. (b) Motion probing gradi-
ent is added vertically. In optic radiation, diffusion
anisotropy was clearly visualized (white arrow) (c)
Motion probing gradient is added horizontally.
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Fig.6. Axial images of neonatal brain 35 weeks after conception. (a) T, weighted axial
image (SE2000/80. (b) T, weighted axial image (SE600/20). Myelination is not observed
in frontal and occipital white matter. (c, d) Diffusion weighted images. (¢) Motion probing
gradient is applied vertically. (d) Motion probing gradient is applied horizontally. Diffu-
sion anisotropy of white matter, which showed no myelination on T, weighted image is
quite unclear as compared with adult brain.
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Fig.7. (a) Molecular diffusion of free water. (b) Restricted water diffusion in white

matter.

35



HEGESE $£11E 15

Jo. FRBGRIE T <R OBFE T myelinization O
HIRLTL BEAITH Y, diffusion FRERE R 1L
T,, T, s@FAE &R & D b FHAICMAB OFE LR
HLUTWwEAREEDH 5.

diffusion 58 FHE R 1C X 2 I EE @ diffusion
anisotropy O X, FrEROMEE DFKED
SHE O, PBEREZ XU &1 5 HEREW
YERREREEEZ LD EEZ o NBREN

3.

& B

1) E&ERA 1.5 T MR % V> diffusion 583 EIfR
DEBEMRRET RO, BRIRIGHE 21T 72,

2) shielded gradient coil iIZ& D, eddy current
WX AEEIEHNAPT WY 2 — AT O — Nl
2 A AT motion probing gradient %
2T, FcREZNZ 2 2 <Y — Nific
U I256E L b & vk diffusion FHENME %
B2z ek,

3) IEERATIE, MEENOMREERMEDE T
motion probing gradient & SF{TI27%% 2 &R Tl
diffusion 12 £ 2 FHIE F2ERLOI LT, R
#E»% motion probing gradient & FEEIZ 42 %
AL TIRESETIEHE <, BHBEZ diffusion
anisotropy 2SR & L7z,

4) Ty, T, 5&FEE L myelination DFEH 51
TR EE o diffusion anisotropy 138
NIZHARZFEL 5o Tz,

5) ZN3E T T & 72 diffusion anisotropy 13X
HEOERERL T3 b DL Bbh, Mg
REEOTHHCERRBEREG2HBL2HDER
bz,

36

3)

4)

6)

(1991)

X B

H. Y. Carr, E. M. Purcell : Effect of diffusion on
free precession in nuclear magnetic resonance
experiments. Phy Rey, 94 : 630-638, 1954.

E. O. Stejskal, J. E. Tanner :
measurements : Spin-echoes in the presence of a

Spin diffusion

timedependent field gradient. J] Chem Phys, 42 :
288-292, 1965.

E. O. Stejskal : Use of spin echo in pulsed mag-
netic-field gradient to study anisotropic,
restricted diffusion and flow. J Chem Phys, 43 :
3597-3603, 1965.

D. Le Bihan, E. Breton, D. Lallemand, et al. : MR
imaging of intravoxel incoherent motions :
Application to diffusion and perfusion in neuro-
logic disorders. Radiology, 161 : 401-407, 1986.
D. Le Bihan, E. Breton, D. Lallemand, et al. :
Separation of diffusion and perfusion in
intraboxel incoherent motion MR imaging. Radi-
ology 168 : 497-505, 1988.

M. E. Moselay, Y. Cohen, J. Kucharczyk, et al. :
Diffusion-weighted MR imaging of anisotropic
water diffusion in cat central nervous system.
Radiology, 176 : 439-445, 1990.

C. B. Ahn, S. Y. Lee, O. Nalcioglu, et al. : An
improved nuclear magnetic resonance diffusion
coefficient imaging method using an optimized
pulse sequence. Med Phys, 13 : 789-793, 1986.

G. G. Cleveland, D. C. Chang, C. F. Hazelwood, et
al. : Nuclear magnetic resonance measurements
of skeletal muscle anisotropy of the diffusion
coefficient of the intracellular water. Biophys J,
16 : 1043-1053. 1976.

R. B. Dietrich, W. G. Bradley, E. J. Zeragoza IV,
et. : MR evaluation of early myelination patterns
in normal and developmentally delayed infants.
AJR, 150 : 889-896, 1988.



Diffusion Anisotropy in Adult and Neonatal Human Brain
-Assessment with Diffusion Weighted Imaging
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Diffusion anisotropy in adult and neonatal brain white matter was evaluated with diffusion
weighted MR imaging. 6 healthy adults and 8 premature-born neonates were studied using GE
1.5T SIGNA equipped with self shielded gradient coil. Cardiac gated diffusion weighted images
were obtained with TR of 2 cardiac cycles in adults, 3 or 4 cardiac cycles in neonates, TE of
120ms, and gradient factor of 450s/mm?. The direction of motion probing gradient was changed
among the readout, phase encoding, or slice selection axes. Diffusion anisotropy was clealy
demonstrated in all adults. Large signal attenuation was observed, when the motion probing
gradient was applied in paralled orientation to white matter fibers. In all neonates, diffusion
anisotropy was unclear in cortical and deep white matter where no myelination was demonstrat-
ed on T, and T, weighted images.

Detection of diffusion anisotropy using diffusion weighted MR imaging was thought to be
useful for the evaluation of neonatal white matter development.
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