i BB I A YL REFAE 5 & magnetization transfer Hj{§

I

K= M

FEREMESY: - ER2HF

F L &I

—BOMKIBE GOV 5 A ME, HEE
ke (To), BEEMEERE (T:) LU RY YV
FEIC L > TREINDD, ThHD/NRFA—
ZIIRREICRT B2H5E1D 5. Bz, B3
PEHADOBEZE & IERBMERE, HIHOMEE, 7€
Pefin & B IENE, WiEE & JOE-CIFE & DX
T LIXREER C L RB AY. EEHEEOR EIC
TV —fEDOEEKA MRI & CTLARE S x5 7o
IR T E 4 (diffusion-weighted image) <
BB E)ILE S (magnetization transfer ratio
image) |3, MEERM-OREIEN & TRT - /opE
BRIZL->TavrSA MO0 /EBTH
D, BEEZED TS, AR CIIILEGRH
B - LB BN EGR O, &4 OREBICIT
BIGHER I EERT 5.

R ERE %% (diffusion-weighted imaging)

1. FE ks L UHEREE

KGFOBGERNL, WAHEES) - [@EES) - A
HAEENC T 5N 5D, Ky TFOLEEB DOF
i, &K - WERNICIEEES SR F I T 55
RILTEICEVELLANHALEE (F5
VEENIZED, MEBENICMAZ ERTESY.
kb OKSFIL, FETEHHS0m/s (B
WA 190 km) DS THHEEE) % 1T > T
B0, T IO FIcEzE L CFYHEBITE
BEAFVITAra—ALREN) BHHO5THE

25 VX LNCBENT 5720, EEROIEILIZS
PIEL, KGFR—EDHANBETHES
I3 CHI 100 um/s TH 52 . £EN TR
FOBE 4« DBERICEL VHIRIN S 720,
FEBOESIIIFITES 5. JEERFRE R,
CDIER DR ERICKE L7 DTH 5.
BHESEET AWk EE8tLL> 5 &
i3, B X ORI WY, AV VRFHEL
7=JRAEC, motion probing gradient (MPG) &
MIN G, ST - 7o\ MERIES & —E R
mz%E (Fig. 1), ZTOMICIEEIC XV BE)
L7« A VOB Z ALY, FEHE
T3 5. MPG IC X AIEBERADE AV OB X
i3 bfactor L WO IRETEINS. WKEER
w y, MPG © HInigfd % 6, MPG O5& X %
G, HICk->7MPGOHREEA L+ 5 &
(Fig. 1), b-factor [3KkATHE 2 HN 596,

b=y2G26%(4—4/3)

902 180° Echo
0 i |
W UV |

T Ey

G G

i i

Fig. 1. Sequence for measurement of diffu-
sion. Parameters G, J, and 4 refer to gradient
amplitude, gradient duration, and interval be-
tween diffusion gradients, respectively.

* —TJ— kK diffusion, magnetization transfer, MRI, cerebral infarct, multiple sclerosis
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MOTHEETRES - B LB EhE &

EE, BEERBICH WS N S bfactor 13 300
s/mm?2 7 & 1200 s/mm?2 O TH 597,

WO X 1T, WA EL (diffusion coefficient ;
D) &\, [L2T-1] ORtx boETHE
XNBY. MPGEHEHIIILEWE ZDRES%
Sh, EBfnL7ct EDfFEF%SI & FhiT,
MPG O X 5 EHBE TR TES 1
%)6),8).

In(SI/SIo) =—bD

KN TR, HEIX TR TOHRIC—1R &
SHiF T, MRCEHERERZEOHE LD
DT, WEER(D)D»b DT, BRPTO
RS (apparent diffusion coefficient ; ADC)
EVWSBTHBOMIAZETO. KB LT
EXH» 5 ADC #3kD5 T &% ADC BHE % E
Bit+s (ADC<xv /) Tedbd5b.

ThBURTREBRIE, KO TFOMMEE) = iz
TEELT 5 DD T, ERIEFREBE
ERE OB /x & OB & OEBICK T 5 &
BRELL, BEOHILEMZ ik IxAA DB
TNTWEY., R CHBEREGREDO T I—
75—tk (EPD) #H\, ERREICBIFLE
BERBALT ENRTELLDIT Tz, Fx D
BOWG G2 ITITRY.

% & : GE # %! Signa Horizon, spin-
echo single-shot EPI, #1X LIsfE : 10000
ms (single-shot 7z D CER K & E 2 TELZ
Zz27c ), T a—KfE : 100 ms, b-factor : 0,
1000 s/mm? (A EIZ G U T 500 s/mm2 @ b-
factor HaBIN), WEHEF :22cm, XF4 A
E :5mm, A5 AF+rvy 7/ :1lmm, <X
Uy 7 A& :128x128. MPG Znidin\n & &,
Wit - B4 - E TV EehehoHRic MPG % 72»
i inz, BJHME % BEER L7z isotropic im-
age HFKRHCIERL L TV 5.

#% 3T, b-factor 73 2200 s/mm?, 192 X 256 O
< F)y 7 ATHGI N, MIVETAR

B REEDILERFAE SR bREEIN TN AT,
2. BRIRIGH
1) RefEZE

FAE 3 REHI LIS E R T AR 2 2SS
FAI ) UENEARTF (t-PA) HEIRAIC
BETL LI LD, —HOMBEEERE DR
FHEPEBICHEINS Z DRI N,
KETEtPABREDOHTA FS5 4V LBRICTE
HNTED (BIfioY RA7 55 %O THEIGERS
HENEDOLNTWE)IW, RER LD L HFEE
REICEHT - BIET A ERNE L, TE
TW5.

JhEERFAE R, BEEIOMBEEDORIIC
LB EGZSETECH S, BERCIIFR
HEF% 10 43 LA C ADC OZELR A H N 5612,
v FOBEIIMEBOR MO Z 7T EME
Bak DEHET, L dREBERKRIC MRI % T
LSBT B EDTVDOTELRRELENRS
WA, FIE 6 BRI LIPNICIE & A & DI THRE
MAEE TEES L L THZ LN L),

BEMIAOFE ChEROILBBAE T 3 52
WS EICBA L iRk 23w b 55, Mkt
ISR RSB A TR R E S B T 5
CERERTHAI EEZLN TS,

BRI OLZET, HHBREORMICHE-> T
ARERFEEITITE S T, BEOZHRER
HiEE X N A4 % ischemic penumbra & M55,
EEHIRE R LI R0 Wb B ET R (per-
fusion image) %85 &, JABGHFAEG THH
ANEEBER LD BIEEF TR M ARH
INBHTEMRDY, T OIALA penumbra 58
BT\ & I AR08, JREER R E G
TOBESERLAUEOBENRH D, FICE
KOl 2B ARRBRR 5 BERD 5019,

RERRERIT, FEOFIBOEINCLEH
T A9 (Fig. 2). Takahashi 5203 B ER
T, EBMPoOFEERTMREAROREN R L
THEORREG CIEEE 22T A LR L.

199946 A 7 BH

BURIGE R T606-8507 FUARTI A FIKEERERT) I R HT 54

FEAFEREY: - gL SAFER
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Fig. 2. A 7l-year-old male with acute onset of paresis of the right leg

a : Fluid-attenuated inversion-recovery images showed multiple foci of hyperintensity in the
deep white matter and basal ganglia bilaterally.

b : Among these lesions, only the lesion involving the posterior limb of the left internal capsule
is hyperintense on the diffusion-weighted image, suggestive of an acute infarct. These findings
suggest that the internal capsular lesion is responsible for the new symptom.

Burdette 5201 X % BEIRGITld, FiE—HLL
WTRINTOEEREDPEEBEE2 LB, &
EBATBE/CADOBETEREI R %5
WERL LE28N, 2 BHABEALEES
HRTHAREDT L Irolz. REER2BE T
BEBEETLZONR, TREEOEE (T:
shine-through effect) 34 H 5 & Bbh 5. H
MHEEBEZEDS & IR MEEHEZE & &\, RIEHS
100 H7z> T4 ADC DIE T B T 8B 5
EWSHED B H2.

Neurology i3 1998 s£i2, ABURFAE I
BB DO A & X — R 7 LB 2 A BT
BELZZVWEWS AROmHEZHEHE L T
5%, ZOEEE LT, BERIRE¥EMCT T
952 DREFITHEZE & IEFEIC 2T C & 5 1Mk
A RIER OBURE - FRRE L LT e
RIZEREF TR, BT b ALE S
BHIC R WM EAABR LA & iR R T 5.
IABEZE DM - IRHRIC B S ILBRTRE G O
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BT, EWCRERICHEZL SN A & AR X
ns.
2) BpRENE

KRR RENE & 7 EERERIT IR T ERE S T
KES, T:HAERCERESZETS. K
5 OREGITHEBRRR - FBOL1E 5 HE OB
BVWPOLBEOMRI TOENBTRETEH S
2, FREEIEHEREO/OIRPEL, ik
BORER CEWLEEETE L, ERINEIC
K5 L5 (Fig. 3). %=, MBICBETS
FEREEREL, /NE70d O T b INEERTE G TR
HTAHZENTES.

3) MEEBIE

HHREBEIC B\ T, [EFAE, B0k
o, VI, FEEMEES ORGSR EGRTEE G
THHRTH > & THMENRD 525 . /),
BB O & ADC AR L, BHE
DHEWCEHATHS ETARIEOHBE LD
%26)
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Fig. 3. Epidermoid
a: Te-weighted image shows a cystic mass involving the cerebellopointine angle cistern and
Meckel’s cave on the right. The contrast between this cystic mass and cerebrospinal fluid is
poor on the T2-weighted image.
b : The epidermoid tumor is markedly hyperintense on the diffusion-weighted images with clear
distinction from the cerebrospinal fluid.

4) iR

MBS A RER CRES AR L, BT
LFERIETEE & OEFNCHE R TH 52029,
5) &I BeE

I EEREE & 1%, PRV —T AT, ¥
A 72K VEERE EICALNS, SR
ME R TR AMEDORKTHS. &
I FEMERSEE Ti3 CT  MRI G, #EEIESL, i
BRIE - DRIEZEORTS, B - NMICEEES 2 5
NAHMR, TOFER, FRIMICHE D AR
MEOFEBETTHEICHE S MEEFBEOWFN T
BHIMEND BB INTE /. Schwartz
30) |3 75 M FE M B RE A% DYEIEIC 13 ADC D1
Traia6NT (Fig. 4), BMCHEE TS
MEOHBBMEITTHEIC LA LDTHAHD EWMEL
TW5. HEZ T BHESR CeEEFZET 5
7=, ADCICZ LA 7  CTHIKEGEME B T
EEBEH®E LS % (T2shine-through effect)
DT, FRERIHEIZIZ ADC < v 7 OIER D

ELEbh5. Casey 5303, EMEMERIEIC
% LC, posterior reversible encephalopathy
syndrome (PRES) &\ 5 MHEFHRZRE L TW
5.
6) ZFEMEREILIE

FEBEIC A > M AR D 5 0 25 K B R e B C
DESETICENS LT LMENRD 55,
BB DR % & 5 DIl 3 5 A LB BiE S
OFBEL AVENTWA.
7) fhOEE

TAPADERPILBERRER THES 2
L5 ERBY, BEEBRBLEWEDICHE
BELaTN T bRkWS . %/, KIMET
ADC A LD 5 Z EBRBERTREIN,
EIMBEFEVE S TEZE & 38 > TR SN A WTREME
BRI W5, —AlLEE TEENS
BEEELCEVWOME LD A% . IHRHA
BRI, NROEKEET R R MPERAE DZETIC
HH T 5% . Creutzfeldt-Jakob 5 DR HiZ
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Fig. 4. Hypertensive encephalopathy following administration of cyclosporin

a : Fluid-attenuated inversion-recovery image revealed abnormal hypereintensities in both occip-
ital lobes.
b : The lesions are not significantly hyperintense on the diffusion-weighted image, suggesting
that the hyperintensities on the fluid-attenuated inversion-recovery images do not represent
cytotoxic edema.

- CRLRBER I EGRRESR S E R CTh - o &
THHE LD H.

W L% ENE %% (magnetization transfer
[MT] imaging)

1. FE®B L UG

D MR E513, 1ZEA EBKSFrRER
THKKERERFE (Futy) Kh¥kts. HE
KOKBRRFRZIRVEBEAFEEZ L H, T
BEW (>10ms) OIKRL, ITYVERED
ERHOBSTEBR T, BELFIRINK
REFI3, #20kHz &5\ 3008 B 0S4
0. TeWIEFITE W (<200us) 728,
MR E5I3BE I NENO0 . k-, BEE
DORY CKFIg) oKit, BABOEREICHELE
T HBEER MR Lo TE LS, KERBE
BHNEEEN N L - TBHERD ABRES
FRxhT\\w5s2),
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L7z - T, KOLBRFEE» HBEN Iz RF
pulse (off-resonance pulse) #*[R&I4 5 &, §t
WRBEE AR SO BBEKOTE P L EERRE S
nNg, BHFOTE b UARRMICESINS
(Fig. 5). C OBMLITCEEAH - L2 - I
He E OBMILBREET, KRBOKS T%
L CTREIICITBHRARDO T b v~BE) L,
ZDORER, WHEEFEhRIC LV EEREOKT
DA LNBA . ZDFEET OEE HBEAL
B ® It (magnetization transfer ratio ; MTR)

free water protons
off-resonance pulse

N

Fig. 5. Frequency plot of free water protons
and immobile protons. An off-resonance pulse
selectively saturates the immobile protons.

immobile protons
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THO, KFTFOELCHLESTOELHE
MIC4n 5 & AT & %. Offresonance pulse
T FICE b A E T HE % Mo, off-reso-
nance pulse % 2 i; TH LN/ f5 5 HE & Ms
L, MTR BkATEZ 6N 5%,

MTR=[(Mo—Ms)/Mo]x100%

AR OR LcBEBICAV BN, XV VLN
ZT KEFEOHRB /NS A —x38394D % LLUTFITR
7.

{FH%E  GE #%! Signa, 3D gradient-echo
B, 80K LUK/ - 106 ms, T o —Bf :5
ms, 7Yy TTVII 12 B, BERE 22
cm, A5 A4 AE :5mm, ¥+ v T A
256 x 128 . Off-resonance pulse {3 5 X 75 3.67
x1076 T C £ & 7 19 ms D single-cycle sinc
pulse C, KDOEEHH» 5 2 kHz K\ FFEH T
% % . Off-resonance pulse & %k O it 1
ms B T\ 5. Offresonance pulse % 73 7%
WEXOBEBIY, Wb AT bR E R
BTHy, T, T:ORErR/NMNMRICHZ TH
%3840 Finelli 540 4, MTR 5B ICI
T @FABEER Cx /o P VEERHRER Y H
WAHERETHHEFRLTNAS
2. BRRIGH
1) &HMREAE

LRUBILEDOREL, KIE - FE - Bif -
TUVF—VR - BRI ELSETHLD, “Th
b T AEGR CEEmETE R L, BRERMEICK
T\ 5. Dousset 54913 %R LAE OBiEE
EOMIRZFHBL, FOLEH & EW
MTR % LAMAC W < IR » TMTR 5 <
o TnAH T e L, MTR 2 BighORE
R L CTNBDREAD EHER L. E7/-fE 0
i3, ZRUEBERZICENT, T ARG
T—RIEFEICR A 55D MTR HIEHEH &1
NEFTLTWA T & R\W72 L, BEMEN B
HAERBLTWADOTHAD Ll Lc®.
LISk, ZBOBFFeE LR LEBRE DR
MTR ZFHHIL, BERBEWERAREZL WS

Kimura 593, MR A7 O Z2ab— &%
KL, MTR & NAA/CR A HHEERER A D 5
Z & R\ L. Filippi 549103, Lw%ﬂ%
3EHRE Lo THEINARER, BE
DEEDARTHALNARE LD 1 MTR ﬁig
W & %7s L7-. Fillipi 693 %72, BHRE
AT L CHE UHRAZLIC MTR A B4 Hh
E) EHFEL TS, Silver ’546) i 1B xic
2 MRI * MTR &%#H& L, ErmoT

&ﬁ L7-BIZkx b MTR 754&‘[“@’% Ex R
th,MKkﬁﬁ@mﬁ#m%k%%&%%
W5 EREmITTND

S RMBLEIC B 5 MRI O 7z % & E
i3, ZErL D 3T LARRBORE CEED R
FEICH A, ZOHKYT, Tz @FHE G CER
BICEWTIE, RMEkOREDOHRRRIE LT
NTWAHR®A) - FEFIC 260 /- MTR FHAIE
B DO—IRDOEALFEIRD AT L CTfrb /o b D
T, MEAORBIEEBICITAVON TV -
7z. van Buchem 5593, BMORILBELLE G
CRBWTavE 2 —ZZHWVWKO A% B EiH
L, O MTR OV A 75 ABERL,
EEEHBEOMIRIZ—H LT A TS LD
V=7 &R LTSI & e, SRMEFLER
ETCRZOE I BEBEAICHENETTAHI L
xR L7 (Fig.6). MTRU A+ 7S5 ADOE —
JOBIPEFEHBEORZRBL TWAHD L
Bbhs. ZOBROHEFT, MTRL A 7S
LDV =7 OEID, MEMOBRE, BHRH
M, FHEEES IUCERE S WHEETAZ L
LS MITH - 72505 F i, EELDOK
F;TE, MTRLA N SALADY -7 DF &
EERE DGRBS RRERE & OBIRY, FF
W % RMERRALIE & BT S R LAE
TRGZ->TAZ LALLM Iz -7, SFHMER
LREIC B 54 MTR v A + 75 LTI
BAERCR D% < ORfgk T FMEELE OF RBHE
BB FEHEICHW SN TN A3~5,
2) UkAMERES
EEAMERFICAE U S, T & L CEERMED IR
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Junoo [oxtd pazZIeuLIoN

0 — T T T T

10 20 30 40 50 60

Magnetization transfer ratio

Fig. 6. a: Gradient-echo image without an off-resonance pulse. Note the proton-density con-
trast of this image, which is essential for minimizing the T1 and Tz effect on the magnetization
transfer ratio.

b : Gradient-echo image with an off-resonance pulse. The brain has become hypointense to the
cerebrospinal fluid due to a magnetization transfer effect.

c : Segmented brain on the magnetization transfer ratio image.

d : Magnetization transfer histograms of the whole brain in an MS patient (solid line) and a nor-
mal control (dotted line) . The peak height is lower and number of pixels with low magnetization
transfer ratio are increased in the MS patient.

HIZ & » THER TIN5 PEEHEORZL 2 O H5EVvbhTWaA. BERT, %O MRI
FAMERRENE (diffuse axonal injury ; DAI) THIE T4 DAIRAMTR DET & L
ERETY, BEEAMEOLIETIRE D 35% & 58 THRHTESLC ERREN, BERICADSIHEX
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n5%.
3) EBMNEE

EBMNEE T, T:MfAEg &R e ol
HEINBHELOE AT L MTR B4
LTWAHZ ERBY, FELHRMOEFE I, [E
BB X ARICET O MRl TAHh
HEOMINC BFFE L TV AHRER AR I N
T\ 559,
4) BRMFIERLAERRE

HBRERERNLIEER (acquired immuno-
deficiency syndrome ; AIDS) BEZ O T,
bRV TSR SIC L B BRI R0 EM Y
VEOFEDMC, HIV 2D S OBRHE %
&4 (HIV-associated white matter lesion ;
HIV-WML) CZ &%, ##EMO JCvirus BZ
EEBMRTR I /-1 - AETHESEMER
B MAE (progressive multifocal leukoencepha-
lopathy ; PML) 284 56h 5 E53% 5. PML
TIEBLEE A KBk U CE I MTR 284§ %
DOV L, HIV-WML i3 MTR O PBRE
T, L2PdWHEDOMIRICA—/NN—5 v TR
AONED STz D, WEOER N MTR
HEHT A Z LIC K DAREE SN TV A0,
5) U—5 %MK

YRR T, WE O MRI X EMEE
LZONTEBETOAEL X bNA XD i
TBAbE MTR OZ{b & LTHL 2 6hk
T HMEND 53860,
6) BLIRESS

BHRELR T, BEO MRI THRIECTERh -
7B MIR OZE/LE LTHLZONAC
EWB B,
3. LB BEGOMOILH
1) TEREHBREDORREEORRER DM

TERERED T RAER CRESZET S
ERICOWT, MRIAER LI h-LH» 5
RO TW e, BEBEEPBES EVD
TS WERN O Z BT 5 Y VIRE» KA
EVSBHIZRICEEI NS, BEEH
55 W BB BT PY O vasopressin < neurophysins 7z

EOWBEICE B HDh, HUWENOETKE 5
TERMBRICLS T BHEORICES 400
LW ERDFE - TWW/o. Holder 5%, T
FEEEIED MTR HHEEDO MTR X VKL,
L2 LETED MTR $2EDREP o/ &b b,
REBNBRZIC L T1 BEDELEE L.
CNITEICFHEF I N7z Sato 59 OB EBEE
ReZRTHIOTHS. FELEFERZ LD
BRETTERICEEE2E TS &85 510,
PERETTHERF D RTE D RE S L WERI O~ 1
SUFVIREDTIVEVICHETS DML L
N,
2) MR angiography ¥ &k U'# 8 MRI T =
VEFSA AL

Off-resonance pulse % B & L % SEH kL8
HBROBEEZM2 A2 LiIc kY, MR angiog-
raphy TOME ORI CEH MRI CHa v +
SAbHEBE LTSI ERTERNSG .
MRI T, #ICEBEMES % B LIE
WREDOBEHEREY EIF 5DICHWHLRTWAR,
2 RMEBRLE CIRANLE L7z & o IKiEiic X %
MTR ODE T D7z, off-resonance pulse %
BET 5L, RERPEFH RS L Th
MEBLDLOEEFICERLAIEBHA. LI-
B o T, EFBID off-resonance pulse # [R5
LIBHIHBBELTRE, HHTAIe0EEL
W89, Zhid, fastspin-echo 7z ¥, FhE
7 MT 2R D5\ sequence TEFG #IRE
L7BEICdd g5,

¥ & &

A TRk D1, MR I8 52N
L& EELT, IRHCCRERE) &\ o 1B
SLEEILT BT LAFRET, Bx ORERED
ZW-ORRBFA L LICEBR L T4, BEOMR
ERERAMROERICEY, EikbREPIR
N5,
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Diffusion-weighted Imaging and Magnetization Transfer Imaging in Brain Diseases
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Diffusion-weighted imaging and magnetization transfer imaging have enabled tissue characteriza-
tion at the microscopic level, each based on a proper physical phenomenon. Recent hardware ad-
vances have brought these imaging techniques into clinical use. In this article, clinical applications of
diffusion-weighted imaging and magnetization transfer imaging in various brain diseases are re-
viewed.
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