& < bH 3 diffusion OB

BT Bl L u RS

mAREEL M EFEL

PN S

TR R

FL&®IC

WERZHICI T, Tl - TemfGa Y
ICHRE SN 2B LEHE B (magnetic reso-
nance imaging : MRI) 2352 23Rk a5
AT OBEEWFSHBRELE VLD THS.
—7J7, PhEcE A 5 (diffusion-weighted imag-
ing: DWI) 225685 n AEHIE, EFMERHEIC
BETHaV F S AT L THENTH 58
HILEhOTHLHOD, ZNHTIHHMHL
Bl WA FERZIFRECEBIL T 5Fik &
LG B ERRERICEE L TE/z. PlRuee
SRICH 3 5 DWI o i KIS O JE 52 13 g R
MRI Dz LHANTALECLOD, ke
RESRIT I 1T 2 MRERRHEE IR, TR0 % AR
& LI WIREGNE 72 & O koA, B
FRETRRATIC & - TRRERET - FoBBlgIH/c
MAEMZ B0 E, TOMBILEEEBFTAH
bz, THICH L THERBET A O DWI DS H
BEDTHS 72 ?  BHREOMKAE) 2T
BN, e b B Y625
el 3wmBELIEERL T HIHERDH D,
DWIBICFIH S NS Y —7r vV A b -5
Ta—7/5F—A A=/ (echo planar im-
aging : EPI) T&» - 7. EPIETIE 1) e
ABLIC & B ERP B ALBE BB MD Y —
TV ASHANTE, 2) TofEO RERIE £
B IES TiE b O IT T o —K5HE (echo
time: TE) R =5 R, BEHFLIK

FRUFFERHE (R BR S~ BUR SRS W

2[R R 7 EOBAS JR P e SR RS

T4 5, I DREMND > 7o, T parallel
imaging O IZ L 0 _EEERE SR D HEE R
HIN, HRETESE A~ ORKISHPIADS > TE
. COHETIE DWI % (K iRas ~ @3 5
ET, HEIERNAGE D O B ISR e BB
V=TV ABBNET 7 =y 7 ICBL TSR
75,

& < HM B diffusion ODEH

1. JREeRH OB

DWI (i 23 SO/ TR & SO L W IRHUR
HEREEY (motion probing gradient : MPG)
RINT 5 ETERSN, HL<OwmBy—7
VACHINATRE TS A . KFBR T OBEREEE T
(gyromagnetic ratio) % y, WHHWE%L B &4
% &, KERTREOLBRER (5 —F7 Hk
) ol

w=yB

THEZbN 5. BGw Bt 3 %7201 —RkT
DAEDIEAEHE 2 TAHADLI LIZT 5. Litk»
LB L DI MPG #HML TW5IHE, &K
FIRTHEAY OB EEBUI R 3 5 ERHE
BORKE I > TELL, BERIITLELS
#d 5. MPG HIN#HIT AN 8210 Ff E L 72 A
YAk L O EE MPG ZEIInS % &, (oA
HNKEL ta—2%49 5 (Fig. la). D&
—EHE T EHMIGER T 5 A VY E 2

*—"J— K magnetic resonance imaging, diffusion-weighted imaging, parallel imaging
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bE, EFNEND A ORI I T
IRFEL, RiEV@m T a—2"EHAlE L5
(Fig. 1b). d7xbb—EHE THE)§ 5 A
VIiZ DWI DESEICHF S L. L 2AR
TV X NISIBGEB 2T > T A G, 2EH
IR 5 MPG 28 1EIHOZNOKE S L5
L B1cDEAY OMMIT T EL, Bllsh s
Ta—fF5mERREL+% (Fig. 1c). AN
% MPG #EH A WIS A K& <452
L, 1[BH & 2[EHOMPG OREMEREZ A&
FTAHZE, DTN TLELITMHBEERITK
L7, BN AL T a—F5MmEIHEDF
% (Fig. 1d)V.
2. fEEmAO K E SR IAE bE), Bk
CHIER O KR & S B R TRE { DT OIRBHREL
(apparent diffusion coefficient : ADC) }
—WEIIC B BICIRER T A BT LT, —xt
DOMPGIZE VAL AEEHRERFKRAC LD L
Zbnb?.

o ()] [ owa-o
x H; mdt"} dt

G F—Mi 7 E RS, DIk OK
X xuFEL, KEERBETIEN, BAE mm?/
sTEINS. MPGHE % g, —x%td MPG
DIEE D P HIAE D £ TORB%Z 4, MPG O
e 2 6, MPG #HInL 728& & L7aw

EDOEEMER ZNZN S BLU S &5
r,

b=y20%g>(4-5/3)

N -

L\5%J§/J35‘ZV)2/)3>4> b fEIXEN IS /s
MPGIZ k- THRESNBHBEMOETH D,

DWI Of5 55 S 35 LU So (35 5 17z DWI
RN DRIV EICHIERRETH AH. L
Do TIHRAK 2 (HO b fEIC ) L C DWI % #lE 3
L, PR S5 7o L TADCITEH
T‘*E’G?’é% FleT—ZOEEEAYR ESE 5
71 3L ED b EICHL TS Z#HIEL 72

A i, BN RIS L D ZOEE ERDONIT
;v.::f&%#N%:&&bfé%qu
TS5 EBNO KD Tt e i, EA
MAEMNO ML ERT e & ORRBLS S, fk#
r FRRIEEVEE R R, £ TN b OE
%k LT L\ D EIRT, BT ok
B 230 (apparent diffusion coefficient : ADC)
LN .
3. T2 shine through

METR LSRN AR5 &

S =Sy x e~bxADC

Lixh. Lich-> T DWIDEFEE SiE, Ik
WUCBHE S 5/35 A —2Tdh % bfE<° ADC (T
PO T, SoDEFHREICHKAFET S &
IZ7% 5. —#%H9IC ADC MK T4 584, DWI
DIEEHE S TRFINLENERFESHE L
THiHEn5. LaL ADCOKTFALD K&
7\, BHNEERAL TWBHETH So
ToREdNE, DWIDOESHRE SIZ EAT
H. Zhid TADC 23 mL TH AL T
DWIDEE®RESIIEFRLTLES>HELD
Hl CElERBLTED, COH%% T,
shine through & "5, % < OIFE TIE TofHA
IR, ADCIHMET L, WM&, HEFEANCERL
TEfEFH L L Tl sn%/-o, DWI T
RAEBRHA L DSBS WO EZ T RDSH
—77, BREORH L URREMET I 5K
HL TSNS, Bl e &HTDWI T
BHEEAOHKEZEEAESHEES B LU
ADC B % 52 5 L xE[E L Td, ADC

200547 J 26 HZHE

BURIEE R  T113-8655 HURUALSURIXASE 7-3-1  BUARUR PR FBER ARV TERHE (R B R 7 F U RS I

¥ PTE &
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Iz‘\‘
Y
Fig. 1.

a) Schematic representation of the phase behavior of the stationary spin, resulting from the application of the mo-
tion probing gradient (MPG).

The phase of the stationary spins dispersed by the application of the first MPG is refocused with the second MPG,
and the echo signal is observed without decay.

b) Schematic representation of the phase behavior of the spins moving with constant velocity, resulting from the
application of the MPG.

The phase of the constantly-moving spins dispersed by the application of the first MPG is refocused with the se-
cond MPG, and the echo signal is observed without decay.

¢) Schematic representation of the diffusing spin behavior caused by the application of the MPG.

The phase of the diffusing spins dispersed by the application of the first MPG is not refocused with the second
MPG, and the echo signal intensity is reduced.

d) Schematic representation of the diffusing spin behavior caused by the application of the stronger MPG.
When the MPG with larger amplitude, longer duration, or prolonged separation is applied, the phase dispersion of
the diffusing spins is facilitated, and the echo signal is progressively diminished in intensity.
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EARERRO— L7 5B 50 B 0D1E57
o, FEE/eR Y ADCHBAFH 452 L NE
FLWEEZONS. T2 bEOK/NE DWI
DI HHREE SITx L T 1/eb*ADC THHATL 5
72T, bfEEKELTAHTETSIEHTS
So DEZE A FXTEIIC A = &, ADC % X VR
MR 7-ERICT A ERARETH LS. —H,
bfEA*HAHEE (400s/mm?) K< $5HT &
T, ADC AHEHA & L ERBEOFE LM
RN S/, XD IREcE KB L /- DWI o
VESARCTLIELUETH 5.
4. JREE T

KBH AT I BHEEUT 3 koo w9 h
OHFENZBZHEL AL AH70DIT, ZHIREK
(isotropic diffusion) &MEiEN 5. & 2 AHDMK
HEMRHECOM 72 OBATIE I T VIR
BMAEORII N —TED S REEHT 572D
DWI C#ll = N A IKEE A OBLF 1A K
&L, CNEBERZRTLITMICE NS ES. &
DO %% B 9L# (anisotropic diffusion)
EWV, TV VIR -\ A T & TR
FiRaHEET 5 EHRARETHH. LD LD
IR T 5WE T, —ilio MPG
i kv @llsin s ADC O K & S (3 245458k
FHADOATHA. EFig. 20X S1CEET
RO KECWEEE 2 TAHD. KA
IZ MPG Z#HImL 7234 (MPG1) & EFJM
IZ MPG #HInL 7=%4& (MPG2) TiIREHS
N5 ADCIE, FMLWETHAIZ 06T
HBiro TWh. E72 2 OWHE » B EE R
(MRI %@ OEER) CTHTEC TEE S e
Be, UKo MPG #HmL CaBb5h 5
ADCfHiZEIZEDE LR ->TLED.
D X 512 MPG HI il 73—l Tl R U e 52 % )
TELTWAICh bbb, HEERPRLD
CEIC D IEMER I NN L B IR
WT B —DDFEIIERT VYV IV DB 5.
PRI Tl T v YV VT M T A 2
CIIBLBERE TIE % < IS, MPG HI bRy i)
IZL > TADC 3 7er b3R5 2 EHFHM

Fig. 2. The diffusivity dependent on the
direction of the motion probing gradient
(MPG).

When the diffusion of water molecules is en-
hanced in one direction and hindered in other
directions (diffusional anisotropy), the diffusiv-
ity measured by applying MPG1 is larger than
by applying MPG2 (upper column). Further-
more, if the object tilts slightly to one side
(shown by solid ellipse in lower column), the
observed diffusivity alters.

INHIDOIC, WHICHRN SR APEL 72
BRI 2 EDEE LW EEZDONA.

5. Isotropic DWI » SE¥ ik #xfE (mean diffu-
sivity : MD)

IR R e L iR G 4 51213 v <
ONITERD B, £ FE—IC MRIZEEOH
B EEEER x, v, z 877 =1 51 % 12 MPG % Hlbn
L THBLHEPD 5. K t=0 ICESICHFTE
THWED, T AGACHE > THER T 5746
iE, COWBEEIERtICEWT, BRIk
TR SNBFBAICHET 5 C LITEBIICHE
MTESH. THIFBFEMICEIRRLZ RO T
VIVTERT Z EPBAETH LYY, Tabb
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Dxx ny Dux
B = ny Dyy Dyz
sz Dyz D 22

EDOEBORHTINIE AR O =>DRIC
Ko TIEENLEHME AL A2, s b b, JR
FAIE 2 I A R x-y-z A BlER 5 C
LI KD, ERMEESARS & 55 ATFIC
BT A ENTES. STl INIzT
VIR L OB R X -y -2 Rid, &4 D
BIEMEICST AEHFX7 PLTRInE. 2O
HEXHWD b s s vV vid k
b

D=10 122 0

[E%55% E ¥ 3% LIk v VL D OFEA
FHERIT

a—Dy —Dy —Dx
—Dy a—Dy —Dy
— Dy -Dy. a—D:

= (a—41) (a—A2) (@—413)

| aE—-D |

TERINS., CCTaDRBUCTERT S &

IIZDXX+Dyy+DZZ
=A1+A2+ 43

Dxx ny Dyy DYZ
L= +
ny Dyy Dyz DZZ

= A1Az2+ A2A3+ A3l

Dzz sz
sz DXX

Dxx Dxy Da

Is=|Dxy Dyy Dy

Dx Dy, D
=A1A243

LOSBIRR RS NS, T V)V D R,

MRI & OB R &R Ged) & ORLE B iR
ICEASNAETHLOICKL, BEAEML LT
EFNBhBbEPNASAEE (tensor invariant
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L, I, ) 3WEEEDOMETHY, BEEESR
CRFELZWETHS. WE, MRI ORGE
Eih x, y, z §lC 2 2 %12 MPG % Hl i
L7556,

i (£) - -bxDa
n(3)

o (5)
CCTMD #AEEL/3 LEHKTHE, MD

B EEICR A T, IR T S L 7%
Wi S A.

—bXDyy

_bXDzz

MD =11/3= (Dxx+Dyy+Dz) /3
_ Sx><Sy><Sz>
=In <—503 /3b

—In <3’—V<5XSMS>> b

So

3,/(Sex Sy x S:) id MD i x}ind4 % DWI {5
L7700, T h# isotropic DWI & 5. —#hod
MPG FIINCId, $RECERTTEIC XD IERIC L 2
PO LI EE TR URER & OB D EIT
WM I 3\ C, isotropic DWI #3184 %
CHIC X D IREER T HE S SiE B h BEER
L, WA=t 5F 8085 5—77T, 3k
D MPG HIINA AT - THAR L T 5 IS gk
DENNZE G, MPGIZHED BRI D 72 DI
AL TCEBOBAITK LT, MERIEZTHkE
WENMEPRL LR CIVERETEHE SN,
oINS EREL DS,

Isotropic DWI Wi MD @ # 854 > —>
DOFEEL T—ROREBETHRLIFELRD 5.
N3 BI 24 Fig. 3 O X 5 I EAHEES & Fbn
T5C LI EVIKET VY IVOIERS I (D,
Dy;, Dx.) HF %/ 2IVL, WHEOLPEKS
& O B RHESEIIN S X — L T 4T - 7R TH
B09. ZOHEF—ELRBWHOF v
WICERTH % C &, ERIESOFIHZIERN R
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5 . .
—hs

Fig. 3. An example of the gradient pairs to
cancel out the off-diagonal elements.

The specific combination of the motion probing
gradient pairs cause the cancellation of the off-
diagonal elements, while constructively adding
the diagonal elements. In this case, the off-
diagonal elements such as Dy, and Dy, are can-
celed out?.

mi

HFThHsHZ &, ADCOREIEITIIHEILOZ &k
EDFRIED, SRS TVE O FHITE AN REC,
e b il A FE BT B 72 DI Il O F bl S
2 —>ODWI Xk 04 TE PR+ 5 alhEMH:
HAH. 72720 3IEHEIIMCHE S fLERHIE - DA
AMIEO ML EDN T2 <, FBHAFABICK 3 5
DWI CHRE R T7 1 DRl 28 B 7 W& 11T
FRAEPECES. COTEREL RFNER
B\ ElR, x,y, z o 3 HEFRHC MPG % FI
L T4 isotropic DWI #1854 Z iz T& /W
EWVD ETHBY.

6. (K DWI HRQICFIHTRE R v — 7V A

1) Ta—7/5F—A A—v 7 (echo pla-
nar imaging : EPI)

AR RS - AR O I 3\ T DWI O
Bk b L CHFFETOT—IVF AX VX —Fid
EPI #: (Fig.4) T®» 5. EPI i3 BEiC 1970
FEMRIC Mansfield I J > TIREZSNTWicb D
D, G —CERES, RF VAT A,
VY 1 — R g EARE TR S 2Rk HE
<, MIERRKICH TR TH - 729, 1980

spin echo
90° exp( -t/T2 )

SE- EPI %
Gatice ll .

LULLLLULLLL

G,

readout

Gasse J I
6
>
A

>

Fig. 4. Timing diagram of the diffusion-
weighted echo planar imaging.

The gradient sensitizing diffusion can be ap-
plied in any directions.

AP IS X 72 DWI Tt Stejskal &
Tanner IZ £ » TRE S N7z )L ABME LS
AW/ AY v T a— (spin echo:SE) %7
%\t STEAM 9 Th - 7228, % TR
(repetition time : # VR LK) & IC{KE) -
OB LIk > TG VX ACEL HAE VD
AN SR> artifact 24 U, TR
ADC i & W F CT\nie. 75w v EB L AL
O E wEG(Ld 5 DWLIC & - TR O
HENCHE S artifact 0, FFRIC X S IEEBENIL
S THY, —AF4 A%720 100 2 U
Rtk TR AT AE 7 EPI 13 DWI OFEIRIGH 15
FUBEORBICIEIRLS XL IBHHDTH -
7= (Fig. 5a & b) . I 4 Tl parallel imaging
DOPFHIC LD & 6 B bt JORE R DA
AH D LIEEER S N, IR 72 0 Tl <A
BRI BT %5 DWI B OEER Y —/7 v A
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L, 2 By
X el e

Fig. 5.
a) Tyweighted fast spin echo (FSE) image acquired with breathhold.

The hemangioma in S6 segment of the liver is clearly depicted as high signal intensity on the T,-
weighted images.

b) Isotropic diffusion-weighted echo planar image (b=1000s/mm?) combined with parallel
imaging without breathhold at the same level in Fig. 5a.

The liver hemangioma is blurred due to its motion during spontaneous breathing, albeit utilizing
fast imaging techniques.

¢) Diffusion-weighted echo planar image (b=1000 s/mm?2) combined with parallel imaging with
breathhold.

The liver hemangioma is depicted as high signal at high b value of 1000 s/mm?.

d) Isotropic diffusion-weighted PROPELLER (periodically rotated overlapping parallel lines
with enhanced reconstruction) image without breathhold.

The margin of the liver hemangioma is clear in spite of spontaneous breathing, compared with
Fig. 5b.
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L7 5 Tw5b (Fig. be).

EPI # Ti3 {2 M encode EAHIEE 23/ S Wk
FEC k-space & FIH 4 % 72 3OALAH encode Fi A
{Z chemical shift artifact # /£ U 5. BHAETIit
FEREGREEIC 5\ I AGEIR kL% (spectral
selective RF excitation)? < CHESS (chemical
shift selective) HEIONPFHI NS0T, =
D artifact BEEE 75 Z i3 7ewv. £/ N/
2 artifact |TWEIECH S ORI —x ¥
DFRTEEOMHELI DT PICTNTVE,
8 encode JF AR 350§ Nz & D Inth B
DBBNDL T L\ DH, BEITEEOHREIC X
DFRRFTRETH 5.

2) EPI L4t DWI

FIHE TN/ & D7 EPL o5 S % k&
BIcOII e DY —r VAP NE TRES N
T&Ee ETRMCHH S N/zy —7r VAT A
¥ 1T a— (spin echo:SE) #1Z MPG # H]
n9 % SE-DWI Cd 5. SE EidEGbFik s
L CHEIC MRI B ICIASFERL TED, Ch
IZMPG #HIIN % C L3y —r VATH AV
ELTRESGCTh-7. LrLBHFEOSEET
BEMHEI Y a—F ATy /T, ko
bulk motion IC L AT KEL, Laird
# TR LICS VA LTHY, HigmEs ol
T2 ORI IS B\ T D, RS
ST —F 77> 7 FRELTLEY, 3
VAR FICEEO R DWI #1585 C 213
WEECIA TR T HICEFES D - 7.

Line scan £ Ti 90° /)L Z & 180° /)L A%
ZZELUTCHIINT 5 Z LI X O RSE B E
RicphE L 22%, Boh/iTa—%—KkiKt7—
VIZEWST ST bk, XY v 7 A5#0ET
CETEMHETLYI—F ATy JICBT B
Sy ORIE % B8 L T\ . Bulk motion M4
T W AEE IR TRAL R T —F 7 7 7 F Ot
WIEFI TIEEH B G500, SE ik
N—=ATH 5 /2DO—EDOWR L TIIHhEL<
NV w7 A5 OT — X WENPEEET, FkikoD
B LIEWEE, £5 4V EOMETN LEN

TERWID, Pie L OMROFELZIT 5
REHEIR COMSIIRE - Z 2 6N 5.

HAEFEHIN TS Y =7/ A EL TR
PROPELLER (periodically rotated overlap-
ping parallel lines with enhanced reconstruc-
tion) 23% 4A1. PROPELLER #: T 1ITR 4
12347 72 #5509 k-space line # RARE (rapid
acquisition with relaxation enhancement) #:(C
Y OEEd 5. 1TR THHH SN % k space line
OEMNTI—FUAVBUITHEL, COTA
#E &% T blade X i strip & 5. Hi < TR
12\ T Z D blade % k-space T4 L ¢4 >[E
X, HRMIC k-space & RO PRI TR 9
% . PROPELLER D E /- Ai%, 4 blade
%5 k-space DJF s BB A B x> TIE S h
%7212, multi-shot Tl o % 23 [BlxEE) %
EOIMBHIEATD CEDRRETHH T &
Th5h. X5 k-space FOLEROY VT Y VT
FEENE WO E MG A S <,
RARE (X — A Td % 1 DICH B D 5 A D
EPI L0 b vwidhErons. L
Do THERBY O 2SR5 6, Xid EPIE
THBALERT —F7 7 7 P L ABEBRDH AL
BSZALPBEE %6 T R R E s DWI
TIETTRE Ch S, 7272 LIRBIREA RV ENT,
EPL i£ &l 5% & 55 M MK < parallel
imaging MRET 5 ThH A DL\ IR, ke
BRICBW I ZOFHABIIE T T 52 b L
A YA DI T4 1 b/ I DR dWAT N
HHIRO DWI RGOy —)b & L TOH Ak
KEE %2 bn% (Fig. 5d).

F D DOFE & L Tl single-shot RARE #:
%, SSPP (steady state free precession), tur-
bo-FLASH (fast low angle shot) 7% & 3%
INTW5b. 7272 L 2N bid preparation
pulse # 5 7= DI 5 HF LRV, K
flip angle O VA PEMRHIT L > TT5v TV
FTa—%IRET S0 TifgMOEENR
AT 5, WERESEY, WEBAT A ABED
EPI BTN T\ Win E OB SR B0,
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parallel imaging TR —#{b L > o b HHLE
—ICHVW SN TIE W .

3) Parallel imaging

CNETOMRIRGOEERLOEL L,
RHESERE 72 K N—F 7 7 RO [ EORER
CEIEDL T EDR ST L LERESMERE
DA EGERIND B, BALRE4 72 D O
ZAL D EHEALITAE S MR RIE OB & 235
N, RANPHE 2 O>%H 5. Parallel imaging (%
CNOHN=F 7 TTHEDR Eand L b Bk
LaWEd bOFETH D, EAWICITEDO X
DY =/ AT MEILAEET, T - T2 iEH
B Y OI—F UEREL 2D T, EHSt
ICFED R 2 7 EPI 2055 S B9 5
F: b LTS N T\ 5. Parallel imaging
RO L /=Bl % b O E T A V& FIH
LTRBIND D, TOFEITIFTKRHNL T
SMASH (simultaneous acquisition of spatial
harmonics )13 & & SENSE (sensitivity encod-
ing) WikAZEF N 5.

SMASH #; : MRI #&{& Tld —[mIOMH T v/
a—FAF v 1B\ Tkspace D15 4R
FE SN L. EEEERICEAHET RO~ b
Uy 7 A5OTL/a—FRREERD, AT
VaA—FIZSVTVFBRKEWITYE k-space D
B (BRBEES) ~, DNEWEEFRLET (K
FWRS) NEEINS. TIMHET Y a—F
7SIV PERDEE, TV a— R
FO&EAE VIR ZE S > T D, KIC—F
HOMMHITIVa—F75vTy FREmEn:
L&, TV I—FHEOAY ORI
TPITHET 50, ZOBEEEch ST a—fF
ST AR B A R T . S HICROAAE
IVaA—Fr7SVIV I EENTAE, T
VA= FHRADZENEND AL ORI
K& Y, BHlch 20— EB5RE4ACH
WREBER A RT X DIk b, £ TSMASH
BT, BROIANVIY AV ORRE S &
MEETSHE, TV I—FICk-> THES
N A% D LRIFEOIELIED o \ NI REB 2 AF S &

206

20T, AAINT VAV OREES A% &S
BB, OF D —EOMMHETYI—FT&aS
WICENTT =2 WELRIT>72DH, af)bT
VAV T DRRES TR AL S TT — X w
L, TV I—RIck-> THELNBED
D, WALDIELEE R R BR O HZE L
DRPAETHELN, ZOHRZIMHEI Y a—F A
Ty TIhEMEREE L7 AH (Fig.6). 2D XD
{2 SMASH #{37— 1V T2 L > THEEF
WS A1T 587, 2% k-space LD F—x Tkt
L TR A TN, BRGRFEEAR AL [ o
ATHAH. TIWRROFHRIEITAIVIL AV T
HEMAICEE L 203 e b3, a4 Lo
RCHRARHEIF - A5 A ABLIE 7x EITHIRR 234 U
HTETHS.

SENSE #: : SENSE 37— TE#ED
BHEIZ% L CF — X AL A 1T S si2s SMASH
e > TwAh. (LY a—FORAE 1/
Rz nidiwBrsE & 1/R &7 %75, SENSE
HEOE4E T O R % reduction factor &5, \»
FHEL A B 5 7-01C, reduction factor
2L E " E L2 TCARS. Fig. 7T L5
KEOHEK RGBT 556, #EALTEICH
IN—F LG EE (field of view: FOV) Tt
WORLT—F 777 Fa4lixwh, FOV
DI 5 72 E, RO@BHT DR L D7z
CHCER->TLED. £ THVIRL R
INTCRETOREL JU@DERELY ZN TN
(x1, y1), (x2, y2) &9 5. EAEE x,v) I
BT BHRDIZVARDESHE, af)Villk
I AHEEOWERFFHE, IAViOREYZ
Nz S, y),Sikx,y),Cxy) &35, a4
W 2 EFIA L 728554,

S1(x1, y1) =Ci(xq, y1) X S(xy4, y1)
+C1 (%2, y2) X S(x2, ¥2)

So(x1, y1) =Ca(x1, y1) X S(x4, y1)
+Ca(x3, ¥2) X S(x2, ¥2)

tleh. 2C2TS (x1,y1) BLUS, (xq, y1)
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harmonic 0 harmonic 1
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Fig. 6. Schematic representation of the k-
space trajectory in the SMASH imaging.

The data with a reduced number of phase-en-
coding gradient steps in two component coils of
a linear array are simultaneously acquired (up-
per column). Then, the shifted data using spa-
tial harmonic combinations of component coil
signals are reconstructed (middle column). Fi-
nally, the shifted data sets are interleaved to
generate a full signal matrix, corresponding to
an image with full field of view in a reduced
total acquisition time (lower column)1®.

IHRRE G SFHIAEETH D, HOL LK
ANV DOREES A Cy, C B TR T, R
BOEEHRE S(xy, y1) BRU S(xp, v2) w3
DB EBARE L B,

Z 5 parallel imaging TR N & HI3E
SHELPET 5 & THSHH, EPI-DWI
IZBWCEHMMHTva—F A7y TEBPEAD T
5T I ko T a—mAR 0 RHOMKE, ¥
bbb TE GRS E, BLtR7T—F7 5
7 FOHESR AT A AMBOWEM, FE5HEEH

Reduced FOV

Aliased pixel Full FOV

Fig. 7. Aliasing in 2D Cartesian sampling
The full field of view (FOV, solid box) is
reduced in one dimension. A pixel in the
reduced FOV (dotted box) represents the su-
perposition of pixels forming a Cartesian grid.
Since two of these pixels are in the full FOV in
this example, the actual degree of aliasing is
twold,
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Basic Principle of Diffusion-weighted Body Imaging

Osamu ABE!, Yasushi WATANABE2, Shigeki AoOKI!,
Yoshitaka MASUTANI!, Kuni OHTOMO!

LDepartment of Radiology, Graduate School of Medicine, University of Tokyo
2Radiological Center, University of Tokyo Hospital
7-3—1 Hongo, Bunkyo-ku, Tokyo 113-8655

Diffusion-weighted magnetic resonance (MR) imaging sensitized to water diffusion is noninvasive
and can provide information not accessible with other modern medical imaging techniques. It may be
used to provide information about the structure of cells (e.g., fiber tractography in the central ner-
vous system), membrane permeability, transport processes, and temperature. Diffusion-weighted
imaging has recently evoked great interest in MR imaging of the body because of its ability to depict
several diseases without use of drugs. Diffusion-weighted body imaging with high b value or less dis-
tortion is achieved by parallel imaging techniques as well as progress in the gradient capability. We
review the basic principle of diffusion sensitization using MR imaging and provide several imaging
sequences or techniques applicable to diffusion-weighted MR imaging of the body.
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