)}

S R R T (50 1 D i AR s

brs L HAEEFEL
eoOEAL WMAEEZL

L L EL

"R, ER R
R 21,
WER % 22,

(L I
PN S

VR TR RSB (R BB T DO SRS 38 E 2GE B A 7 ¢ TV v AT LB

FL&®IC

ILEEFHE R (diffusion-weighted imaging :
DWI) 387 TR A < BE K i 5 J V8 i {5
(magnetic resonance imaging : MRI) |Z8%&
L, fHinfyzated Cldd 508 F a5k EHRE 5 2
LHEBICETAMERPERHR SN 2DOH 5.
DWI S50 N3 —h, & 4\ =& i
X A% (isotropic) DWIIZ Lk A R g o
LIRS (apparent diffusion coefficient : ADC)
TRHM S T\ 7e2d, AT TV VT %2
JHW TS PLEAE (mean diffusivity : MD) 72
17 C7z <, fractional anisotropy (FA) 7% & D
A W T E R 77t (diffusional anisot-
ropy) %aHfli ¢ 2|mELEML TW5H. £D
IR MR EY ZIX L & L TERILD
TEHDLDIZIRAD 20h D, ZOTXNTH
HHRET 5 EEMEADR SN /AR TIIEL
<, FIRARE U GREIEFIE D7 7281
TR 7= B fm A EON TOSEE LR LT
% . Table 1 35 LU Table 2 iZ{Z MD ¥ XU
FAOZEALd 2HFEBICOVWTHEBEICE S0/
B, TORTFA D ERTHEBITIFEFICRS
NTW5. ZZTDWI OFEFIRICHICEEY %%
IR EICERY, AT ET FAR LR
LEFICOWTEE L 72d &, Il V)Vl
% (diffusion tensor imaging : DTI) #H\ 5%

C & THBE L T o 1o K RREOBRAE L LU R
9, DT O FEEFHLEL THRNLT &
129 %. HBZOTFFAFORERZ TR
UV—A7r— )V TERT 50, HERFCLEL D
DI H 5 —THRETHOTITEMENI.

FA [CRAY 5%

LM ZEDOBICIZ FAMEF 352 &2
HHENTWBD, FEFMEOZEICHES FAE
OIALICOWTEZTAL. £ TERMAER
HMEABL /i L CHEEREOMMEE A=
1.2, 22=0.6, A3=0.3mm?/s &3 5. COBE
MD=0.7mm?/s C, FA=0.58 &7 %. FEH
EOMHEEZ L A S 7256 (TOBE
Fhzn 5mm?/s o), [EAHHE %W
FLI-ERZ T IR IBE (TO%5E, A,
A2, 3T F N F4 0.025%x1.2/2.1, 0.025 x 0.6/
2.1, 0.025x0.3/2.1 mm?/s ), BEHEMHE% L1
DARELPWH SR8 E (TOBE, A, 1,
MBIEFNFN 0.02x1.2/2.1,0.005% 0.6/2.1,
0.005 x 0.3/2.1mm?/s ¥5) ® MD ¥ k¢
FA ©Zt% Fig. 1iIc7/a v F L7z, EHMED
oz 2 L <A S #7284, MD 2L
TWAHIZL b5, FARICHEML Tw»
% (Fig. 1a). F7-[EHfE % #HHEIC B L 7=
BB SR BEFARBIC—ELE-T

*+—rJ— K diffusion-weighted imaging, diffusion tensor imaging, mean diffusivity, fractional anisotropy, diffu-

sion tensor tractography
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Table 1. Classification Based on Change in Mean Diffusivity (MD)

increase in MD

decrease in MD

chronic cerebral infarct
vasogenic edema
arachnoid cyst
intratumoral cyst
leukoaraiosis
encephalitis

reversible lesion in

reversible posterior leukoencephalopathy syndrome,
eclampsia, encephalopathy associated with immuno-
suppressive drugs

interstitial edema in venous thrombosis
neuro-Bechet disease

chronic hypoxic encephalopathy

white matter in neonates and the normal aged
chronic lesion in multiple sclerosis

MELAS (mitochondrial encephalomyopathy, lactic
acidosis and stroke-like episodes)

Pelizaeus-Merzbacher disease
X-linked adrenoleukodystrophy
hippocampal sclerosis
Wallerian degeneration
amyotrophic lateral sclerosis
tuberous sclerosis
neurofibromatosis type I
schizophrenia

acute cerebral infarct
cytotoxic edema
epidermoid

brain abscess

subdural empyema
intracerebral hemorrhage

irreversible lesion in

reversible posterior leukoencephalopathy syndrome,
eclampsia, encephalopathy associated with immuno-
suppressive drugs

infarcted tissue in venous thrombosis
hypoglycemic coma

acute-subacute hypoxic encephalopathy
carbon monoxide poisoning

active lesion in multiple sclerosis
Creutzfeldt-Jakob disease

malignant lymphoma
medulloblastoma
transient global amnesia
atypical migraine
spreading depression
diffuse axonal injury
brain contusion

status epilepticus

W% (Fig. 1b). E72BKEHBMHE L % B
HELD DIKE PP SR1EE LD 85,
23D 16 f5 1, Fig. 1c), MD 1 LU FA 3w
NLWPL, BIEE cHREIh % MD
B LU FA OO %8 A MR IC > T’ b
(MD=0.54 mm?/s, FA=0.45)%. Z OfijH¥7x
simulation 7> P05 LD ICAKIIFZED L S
IZMD B XU FA BT hLELT58BE5I1C
1%, MOBLOEIEN, el LU DAL D
HEERZSBERELTWAZ ERHELEINS.
F 7o A EOBRICHISIC FA B ER T 5
CEMESETHIPNAD, EPLERAIC X

BHEROD A ARIC K % misregistration LIAHZ,
M DOFATED A2, A3 DA IBIZ N THH K E
7zWEiE, IVBELDOrL L. Th
PIAHZ MRI CHEBI S 5 R 7 Ui iR e
ICHANTERICKREL, —R72ILhIcHmo
B DB OMRBRMEL GO BBV EE 2
bhs. RIC—R7vdhic 2 BEOBER S
HAREBESEENTVWAEE, BEIh5S
FAid—o—o0zh k0 H KT+ 50 (Fig.
2a), COO>L—NOMMEPEEINLIHE
FARRE»FE, ERISEEZONS (Fig.
2b). 7R L INGIERHERTH D EEOREIC

200248 H 8 H=ZHE
S SR e
&
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Table 2. Classification Based on Change in Fractional Anisotropy (FA)

decrease in FA

increase in FA

chronic cerebral infarct

intracerebral hemorrhage

leukoaraiosis

Wallerian degeneration

brain tumor

multiple sclerosis

white matter in neonates and the normal aged
HIV encephalopathy

Pelizaeus-Merzbacher disease

X-linked adrenoleukodystrophy

CADASIL (cerebral autosomal dominant ar-
teriopathy with subcortical infarcts and leukoen-
cephalopathy)

diffuse axonal injury
amyotrophic lateral sclerosis
hippocampal sclerosis
schizophrenia

chronic alcoholic abuse

few cases with acute cerebral infarct?

posterior limb of the internal capsule in HIV en-
cephalopathy and the normal aged

putamen and thalamus in multiple sclerosis

BOWTZDO LS BBRPEE THL0E D523
ORI NEHRETH 5.

DTI DEBRRE

iR T vV IVIBITIC & SN AERIT AT 5 —

TH %5 ADC (Xid MD) ITHNTIEREICEE
THhsbH. TNz 5% TEHEZH CIThh T
1o U — A — VFER TR OEHR+ X T —
JEICEKT T LI TER. f21E MD @E{ET
A TTRNDILERED ¥ e R4 C HIC K D
HPRSTEOME L PR TE L2, WICINER
FEDER AT TS, FA B Tl ihBon
FHOMEHRKL TWAHR, IBREORE SR
IREOTIENC B 1B b 7270\ . T ORTE S
T TN TR T & 2 F R BB CIIFEL
Ay, MD E§RL FA B[Rk, &FxhTn
LIFRO—T 20 By FEsE M RESh
TW5b.

1. KT vV IV OfE M k£ R (ellipsoid im-

age)
JEBCT VYV VIR MR R S N7 B8 BATH
NTWABFRFETHAY. BEFTHLNATVWA

TV IVIENTIE MRI CElll S h 5 —R 7 )L
HC & E N B MRS coherent TH 5 &\
IFHRTET LI N TV B2, COHERY
VIV OPEBER S ISR TR$ 2 &80
RETH 5. Rz b 6 Bl EOILHRR HERHK
¥ (motion probing gradient : MPG) % Eljn
L 7= DWI & To g% (T2-weighted image :
T:WD) 2o& R 7 LIVICBT LTV IVER
%, ThadfEbd 5 & CHEIAM AL, A2, A3
(A>22>23) I8 JUKEHMICHIS S 2 EH
N7 FVel, ez, e3 (ENTNELANT FILV) 5
RkoOBND. FRZLIVICBWTEEBRZ L
M EfEAEOEREL, TORS T
{221ds, {222d:, 42A3de (d: : diffusion time, #L#k
Kifdl) & LTGRO Th 55, Eidh
BTN B IRBRE FARIESER I/ S SRR
AHL72 DT, EEICEBER 7 L E DT
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Fig. 1.
a : Plot of MD vs FA when three eigenvalues
(A1, A2, A3) are equivalently decreased.

b : Plot of MD vs FA when three eigenvalues
are decreased proportionally with their initial
values.

¢ : Plot of MD vs FA when the largest eigen-
value (A1) is greatly reduced compared with
second (A2) and smallest eigenvalue (A3).
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Fig. 2. Crossing neuronal fibers with different
directions in a voxel

a : When two or more neuronal fibers in a voxel
cross with different direction, the measured
diffusional anisotropy is diminished compared
with that of each neuronal fiber.

b : If one neuronal fiber is damaged, whose
anisotropy is decreased, and the other remains
normal, the measured anisotropy of the voxel is
apparently elevated.

HERE LA HEAEOR S A Cf2hd, C
N222di, Cy2Asde & 75 % X > 7o Y) 75 IR %L C
T CFIRT S LTk s. BBRAKFIRTIE
PR G HERERIT E (Ai> e, A3) T DOFIR
AR < 72D, JERERETTYE 55 < FHRINHIC
TWIEE (Mi=l=1s), ZOBRIBZERFIC
i< 7% (Fig. 3a,b). TOFERFTEIZ AL
TR B OB XD IKET vV VIV E
LR A ¢ R CHER EICR S ERTEEE 2
B, BMZ7e ¥ coherent 7 Mk ERAE DB & 7
DR L E b2 eFTREE R VMBS, Ly
LEZR eGSR A kIt FICRL ThW 5720
12, B2 3R M o Rl & 8125 )7 [ 28 AT IS
7o 1A, MIRWCRSFIESIERRIEIC R 2
HAJREM B 5 LR, ZRILFRINSIEH
AT IR & A 7P L 2RI ETHE L
12K, EMOFHEAHbTHhb LW &,
TEFEBROHESHEINTIRETH A Z &,
HMEHAVAE AR TTRE T 5 & & » IR BEHEIC
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Fig. 3.

a : Diffusion ellipsoid image overlaid on the axi-
al T2-weighted image. This image is displayed
using a home-built software developed by one
of the author (Y. M.). Their shapes are consist-
ent with known tissue composition and fiber
orientation. For example, the fibers within the
corpus callosum are properly oriented, and be-
cause of partial volume averaging, the voxels
adjacent to the lateral ventricles are depicted by
large spherical ellipsoids indicating isotropic
diffusion. These ellipsoids are computed at a
diffusivity threshold of MD < 3.0 x 10~3 mm?/s
for display.

b : Diffusion ellipsoid image overlaid on the
reconstructed coronal T2-weighted image. The
fibers within the pyramidal tract are properly
oriented with supero-inferior direction. These
ellipsoids are computed at a diffusivity
threshold of MD<3.0x10-3mm?/s for dis-
play.

Fig. 4. Directionally encoded color image from
DTI data. This image is displayed using a
home-built software developed by one of the
author (Y. M.). Fibers with left-right direction
in a laboratory frame are represented in red,
fibers with antero-posterior direction are
represented in green, and fibers with supero-in-
ferior direction are represented in blue.

T4 TlEmnweEZ2ONS.

2. PRI DO N 5 —FR

LT VT — 2 5 Z DR O3 % i
DT E LT, IEEOK & SICBE T 15k
BETCEIMEOAERO M HEDHSH. Cn
IR KEEME A ST 5BHFXZ L et D
W% RGBICE VNS —FRTHLDT, Hlz
AT R AR, BitkITN & kk, BB H
TERTHE Fig.d DL >127%:%9. RGB %
RIS 2 BRICA 5 T U ARSI 21 7
Ik E RO LdbY T, IR ST ORI 25 8
HHNCFRETH 5. COFEOMBES & LTt
1) JRECE G ZE L 7w d, MD A1t
LEBOMZEIANNETHH L, 2) —D
DR LIV TR DR A RERAEDR & T h
TWABEEITIE, IRBERITE 8 N S 1,
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S HICZE DAL S NEERO HRERRAED
JimERIBEREAD DD ETHAH. J/ZL
BHEORATBEOB—EHAHTET Vb h
TAGER T VIV T N TCAE T AN TH
BH5.

3. Vector map

2005 —FRTHIEHEOKEE (ADC)
ICBEd 2 E#IE S 2 TH T Ty, 2K
RIMMZIZ U &L TADC OB HiEBITS
<, ZOFHmIIAREHTEZLDOTIHL.
% CCRAINEOT M & B AT AN ORISR
(FThbb 20 ds, BIUENBICH T BEH
N7 Fbes, e3) BIETCT, TIN5
et DIEREFRRTHHEREZOLNSL. Thn
vector map TH Y, Kx#% 2udis L, F
ME e & T AT P EER7ZILVT LITE
R AIETHS. Vector DAL ZRITCHI
IR0 " » TWAB, Ihad kTHEE E
THICHS L 2ORITETEHA, NHAICER
TSR OERDPRET H. CNERRT 5720
IR AT UA R EDOT R, N7 MLV aiKHE
WEMEICEBE RO 2 I HEIL (flz
ISE AR 20 & 2 ORS, RAICEBS
MZméZDOREITERRT L. COLEWE
R HETEDT L TL L), ZOERTT
FBIUOKESITUE et BRI FEREDF
T %. Fig. 5 ICI3HBEDOITETIER L 72 vec-
tor map &7~ L 727, AR P S AR I BB 5 A
B CTRINLRZ VTS S0 - K
STTEBEMCHEL LTV, 2 HROERK
NTZFPVELTERINSARZ LIV TRZDH
M - KESFEERPIZITD2D D50,

4. Diffusion tensor tractography (DTT)

DTT 2t B4 5 LT & Iks 2 5t 4 FI A
L THREARAETT RS, B AREUERETH -
720 kA, BTF, ETETT NS ko A
¥ (motion probing gradient : MPG) # 5- 2,
% MPG IZE AT % MR S B 5 IC i S
N5, LW5L8DThHAH. 122l TOFETIH
LA MPG TR L TR NICE A RAE (B2 0E
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Fig. 5. Vector map. This image is displayed us-
ing a home-built software developed by one of
the author (H. K.). The blue lines represent in-
plane projection of the eigenvector (e;) as-
sociated with the largest eigenvalue (11) of the
diffusion tensor, and the red dots represent
projection of e; associated with A1 perpendicu-
lar to the imaging plane.

R L OAEET) AFEMICBIS 52 HidR
HChHY, KMMEOMFME DR LIC < .

DTT (345# 7/ VWV I#HT T b N 7o i KEA
il A i BREA N7 F L e S RERRMED FT
MaERT EREL, ZOP s BRI B¢
% & AR OELT (2 2 T3 tracking line
LIES) DELNLEVD LD TH B,

DTT O b Bifiz kL L TiE, »HMHA
(seed point) #—252 T, FOWBEH» O
KIS AN - TR % D7 5 ik %
D3, DI T8 % IRERRAED 8 5 139 D Jll7x
5 (target) b D —>252 T, MELE®A
tracking line DA %R RT 5 HELH 5. HiH
TG 2 IS BAHE A 4% 3 2 A MR HE D IR D



GRS Bk OFRIRIE

Fig. 6. Diffusion tensor tractography. This im-
age is displayed using a home-built software de-
veloped by one of the author (Y. M.). A free-
hand-drawn region of interest are set as seed
points in the areas including the isthmus and
splenium of the corpus callosum, and tracking
lines are retained when those lines enter target
volumes located at temporal white matter. As a
result, the tracking lines which entered tem-
poral white matter passed through the region
above the splenium, probably isthmus.

YOy %8B O —H TR LIZ < W,

%D TN seed point %, {HIIHEE
B IC target 71 < Z 21T X D HIBEHERS E AR
HED PRI 238 5 O & PR BIHIERTHETH
% (Fig. 6). %7z functional MRI (fMRI) (%
5 task IZ k> TG SN B KEAE® FE
HEFETHHD, ¥OrOBIET M AFAET S
56, ZOROMHMERME A5 Z LI3R0]
RETH AN, BFEOTEZM 72 DTT # 0t
FTAUTHRHEESE OFETZRETH T & LA[EET
H5HY. INETHREREYHTFETL2»MAL
DI T &7 - Jo MR MEATT %2, FHRIBMIC
HAEAIIC B 5 DTT O5- 2724 /X7 M3k
WICKE D> 7B, KFIoOFERICITKE %%
ELRPFET S, bbb DTT THins
tracking line (T HEARAE LT % 5 12 FEUSE IS SO
THEERSEWICE 26T, MOBZT
MITLES> L THY, COFRKEL T

FRERRHE DK & ST HA T MRI D2 5 g
PENT E, 2) Ta—75F —E{% (echo

planar imaging : EPI) <k &7 MPG HIjnic
S5 mEWM (eddy current) FAEICE VAL B
BEBRODHRAD 2 GHEZON5. BEEE
ICBTHINEBSE, B—ofAEkIc Lo ET
ibsnTwsb. Lo L EPL kg v -CEE
INBHRTVIVOKE S FREARMEC TR
HWICKEL, —R7 VA S i
7 coherent LB HFIIL L AENTH A EE %
bhb. CO8E, — DO DOMREREL &
FTHIEITEFR OO, BE—fAKTT IV
I fitting o % LIRECRTESSED  (Fig. 2a),

L2 ZD et AT < OPRERRIET M O
¥) & 7% 5 7= 81T tracking line 13 1F # 75 0% 5
FEHEE T B L 2 2D, KRkawEFNE
tracking line 28— JF[ANC IR L C L % 5 ATREME
bFETSH. CNERRT DG FE IR
BRI (B 213 FA) OKXZ S TR #D,

Z DR fE %A FE - 7= Rf 25 T tractography % &
57 ETH5S. TNIEARHEY 7% tracking
line i IZ < WHIEE B 5 DD, #lzid Lk
HEH  (superior longitudinal fasciculus) 7% & @
TR AL 75 CHRBER T M N9 % 3B AL TUHEACSR AT
TE 3 513 3 @ tracking line 28 i&# L CTL %
5. FLEETLHHEMEICKEL T, Mirhb
tracking line P2 L CTL £ 5 T &%, FEMNC
T O EYGBENER ST L b, BERHGZ
P TWBRRATH 5. 2y fgees i 518
PELE 2 b5, BLFE single shot EPI %
% 72 DWI O 226 55 fRAE 13 & v ¢ 10
mm? CTH Y, um?® 4 — X —Th 5z
P 7e L A —EH [ D coherent 7z R 7 )L &
L CHil 4 51Cid, 4% 3T Ll Lo ES
MRIPEA SN/ E L THEH TR &P
HRrIns. L5 —20fREELTIR7 &
VAN DILER % % fitting 4 5 75 IV & E
AT HHERD SH. BARICIE 2L LM
e AW TR S R ilak 2 TERE 2 bh
B8, TERAEOIREREFIE % > TET AL
I 5D, ZDOHED MPG OIS [ |
7o b LW O E RIS R T X AT
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Fig. 7. Diffusion tensor tractography in a patient with primitive neuroectodermal tumor of the
left frontal lobe. The tracking lines of the left pyramidal tract are overlaid on the axial T2-weight-
ed image (a) and on the coronal T2-weighted image (b). These lines are computed at the
anisotropy threshold of FA <0.3 and are displaced medially and flattened, but it is assumed that
diffusional anisotropy of the left pyramidal tract is preserved. Clinically, no hemiplegia is ob-

served.

TNk DThb.

N ERBAHICL 22D BT, DTT
OEERIGHIZEEICIER D 2oH 5. — DK
[EEFMCBT LA THS. Hlzi3hLES
JE DORENESE T $34F 5 SRS O (LB % 1711 1 fE 7
TELH T LRFMTEICIEHATH S (Fig
Ta,b). TR RIS S EE TR HE
ETAHFELLTHFHSNSAEEEDR B 5.
Bl 2 XN BT ORI 35\ THEZE D K
WA E A TWBONFIEIC X HHEHZT 7m0
% DTTIC X VFHiid % C & C, BREOEIER
A HHEBETFHS AL L LuEL L Lk
(Fig. 8).

DTI DEEFICDOWNT

1. EREOPRHEIZDOWT
DTI OfFEHTIC DWW T aE & #D 5 HijIC EPL #
& A7 DWIL iR (LUF EPI-DWI) (2R
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Fig. 8. Diffusion tensor tractography in a
patient with left corona radiata infarct. The
tracking lines of the left pyramidal tract are
overlaid on the axial diffusion weighted image.
The acute infarct is delineated as a hyperin-
tense area, and the tracking lines of the left py-
ramidal tract do not penetrate the lesion but run
through adjacent areas. Initially, this patient
had right hemiparesis, which was ameliorated
gradually.
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Fig. 9. The simple geometric models of eddy current related distortions.
A residual gradient in the frequency-encoding direction (X ) produces a
residual field that varies linearly with X. As a result, each column will be
shifted (in Y) by an amount that is linearly related to the X position.
This effect is manifested as a shear distortion of the whole image parallel
to Y (b). A residual gradient in the phase-encoding direction (Y') causes
shift of each pixel by an amount that is linearly related to Y position,
resulting in a change of scale in Y (c). A residual gradient in the slice-en-
coding direction (Z) produces a uniform translation of each pixel in the

image along Y.

T LEGPHLOMBEIL T Sk, EPL
DWIEIC B\ CRHIE & 7 iR W A AT 1)

susceptibility artifact & 2) readout {HFHEY I
F U MPG HIBRIC & - TH4 4 5 eddy current
PWOELBAPNADZOTH 5. BT VIV
M CiE 6 Sl B MPG FIn2s b3 & s
L, ZTOBRIZAE L % eddy current {3 HIndi
TIMICEOE~2THD, #HERELTEONSE
BPBHDIF —/1F MPG BN A & 0 —
ETEHE. EFRERT Y a—TFim (20

Ba X 0 1 RKOBBERESE LA L 55
&, X HRNCH > TEOMLEIC I L 7238
WG nRAE T 5. Lich-> THEOLN AR T
13, HXEEOKRETIICHHILIZELZT Y S
mMAD$ N (shear) #4AEU % (Fig. 9b). &k
AT v a—FJmR (SOHE YiEh) 1
KROBRERBEPEL 556, Y HRIC
B> TEDORBIZHA L 7 ABZE b8 EL 5.
L7ch-> THELNLEBRTIE, & YVEREICH
BIL 78720 Y Him~o ¢ (scaling) %4
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Fig. 10. Fractional anisotropy map before (a) and after spatial distor-
tion correction (b). The crescent-shaped artifact due to eddy-current in-
duced misregistration disappears on FA map obtained after post-process
spatial distortion correction.

L% (Fig. 9¢). ®mBIZATA AHH (2O
& Z W) TO1ROBHEBSL, Tknr Y
BTN PATREY L 756 R U R A 47
O, BOoNSEMBR T Fig. 9d © X5 7: Yk
HANDOFATHE 4 L 510,

FRED B ADIE S EITII(E b /- ER A
post-processing 2 J ¥ #i IF ¢ 5 JEW, (2)
eddy current IZ & VAU 2O LA BEL
THIINT AEMNES DO LOERIH LT
2, (3)eddy current OFA AL 5 K 5 1B <
WHEMERIES 7 5 R E 8B 5. EEE
DL THERRBDHETIE, GEHICHImENS
MPG 7» 5344 % eddy current % 522120
T5C LITREET, Mgk TIXO)DOTERE HW
THEMIRE T Y VT 24T > T b, TS
R IC 8 5N 7- EPI-T:WI % template & L C
H—DAT A AW TH LN/ DV DWW A A%
WIE$ % T, Fig. 10a,b iV TRYT LD
1AL S K - T U B85350 F0 f#H
ShTW5b.

2. SPM (statistical parametric mapping) 99 %
FA N7 T

BAE £ THE ST 5 DTI @b o 22
HELTRVHAVCONTY S & O3B OHEIK
(region of interest : ROI) % MD i< FA
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HERICHET S HETHAH. COFEIIHHET
HHH, FEL I ROL L 25T X7z,

ROIDEEZHIZL > THEONARREPELS
B B B e Y, A D %V, SPM99 i
3 & & & functional MRI % PET
emission tomography), SPECT (single photon

(positron

emission computed tomography) IZ 3517 5%
ROy — L E L TES LY 7T
T Y, University College London, Institute
of Neurology, Wellcome Department of Imag-
ing Neuroscience » HEAMHINTVWAH T Y —
LT THHN, TNEBET HIC35@®
MATLAB (The MathWorks, Inc.), MEDx
(SENSORSYSTEMS, Inc.), BrainVoyager
(Brain Innovation B.V.) & DOHEY 7+
IT7PLETH LS. SPM9 Tl LN/IzT—
AEECHRT LT, & AF v VIHNIZ BT AT OE)
X % Wi1E 4 5 realignment, #&{F A D% 7 EEH#E
41C #4844 spatial normalization, &5 #%
A E B X4 % 7280 Gaussian kernel % i\

= V51t smoothing 7% & OFAUE % fT - 7= D
Y, Bk & I EHfENT % voxel by voxel 12 FE
FTHTEMARETHS. COFEOENI ST
ROI fi## 138750, ROIFEOMBP TN
IZ L ABIMEOEB DR TE, &M% R



GRS Bk OFRIRIE

Fig. 11. Normalized fractional anisotropy map
using statistical parametric mapping (SPM99).
These three (coronal, sagittal, axial) images
are spatially normalized and smoothed.

FHW AR/ C & CTh 5. BLERECIIT ~ Dftisk
CEBWTET—FEEI T T, HHETE5
mWRIT WD, 28 L L UEELI /-2
FA W% Fig. 11 {IZ/"7. ZOLHHEE L
T34 £ T MRI O R /-3 & E 75 8B B &
DN TH - 72558, D& D MFEEAEE I
B EEALD D I R BREOFRITICHE Y & b
N, WZEMEERIZRBE(LAE (amyotrophic lateral
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Diffusion-weighted imaging (DWI), a newer MRI method that is sensitized to water diffusion, may
be a unique non-invasive tool. DWI may be able to provide useful information that is not accessible
with other modern medical imaging techniques. It might be used to provide information about the
structure of cells, membrane permeability, transport processes, and temperature. DWI has recently
created interest due to its ability to exclusively disclose several clinical conditions. An example is the
early pathophysiological changes in acute stroke that occur within a few minutes after the arrest of
blood flow. In the human brain, water diffusion is a three-dimensional process that is not truly random
because the diffusional motion of water is impeded by natural barriers. These barriers are cell mem-
branes, myelin sheaths, white matter fiber tracts, and protein molecules. Diffusion tensor imaging
(DTI) is the more sophisticated form of DWI, which allows for the determination of directionality as
well as the magnitude of water diffusion. To date, various 2-dimensional tensor expressions including
mean diffusivity, diffusional anisotropy, ellipsoid display, vector representation, directionally-encod-
ed color map, and diffusion tensor tractography (DTT) have been advocated. DTT has been reported
on during the last few years and is the most intriguing demonstration that allows for the noninvasive
tracking of neuronal fiber projections in a living human brain. White matter fiber trajectories are
reconstructed throughout the brain by tracking the direction of fastest diffusion, which is assumed to
correspond to the longitudinal axis of the tract. This technique should provide new insights into white
matter integrity, fiber connectivity, surgical planning, and patients prognosis. In this article we re-
view the diseases that DTI can be used in to help determine diagnosis and outline its current and fu-
ture impact in both clinical and research arenas. We will also discuss how to deal with the data der-
ived from DTI, using statistical parametric mapping.
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