PET > v & iR S

I {5 57

tHf

BT F V=T RET A EABREAR

T L iz

¥ WG % e (Nuclear Magnetic Reso-
nance, LA NMR &B3) 1 & 2 R 7 DL
BURBCEI BB OEE 1L, < 1X NMR O Pur-
cell 5, =D, Stejskal & Tanner I2&D
EREME OB KR & U TR S iz, Ky
FORCIHOFE2EROI Y 7 X FVHEF
& U CERES ILE E S (Magnetic Resonance
Imaging, DAF MRI &B&S) WG Lizd OB
PREGEEEE R (Diffusion Weighted Imaigng,
LIF DWI L& F) EEENh2bDTHZY7,
DWI 2 81 2 LA F D5EFR 13 Stejskal-
Tanner OA Y ¥ F )iz ik & R —E R
W& T 723 72D OFERWEES v 22 & 5 N B
A 0RfEIc L% (Figl). Db, PO/
WAL > TRV IRMHOTh 252, &z
DDNNVARL L > TRIERTHRIETCH S, 2D
RN & 7% o Te RS F OB L e T
i, ZOREIESHRECEELE RV, L
L, bL&TDD, OV A DRI KD T oA
EH 2 L TS A Y VA B
L, Ta—FEOBEERSTHRELZRSLD
ThH5,
%%E@ﬁﬁéntﬁ7x DOHETOERE
W, AERTOKSTF OWAR BN RS 1 1L

B OEE), FIZ THRERERO L 54D
DbEEND, L->T, DWI THEFH I 5 Kk5D
FOVEERE THREL 20b 0TI R TR
RNGCAEEBIOIRRT,, DV IX TALTOIEL &
o2k Wixb, 20A, DWITHRS iR S
—fZ T AT OYLERE (apparent diffusion
coefficient, AT Db BET) IS,
FRDILBERR IRTO T 7 7 EE L 5
HAME R R Wit EEBI TH 5, - TC, F
MR Z EDSFEAITH S (FHMEE). L

L, M X2 BHLEBOHIES, kL
S PEEAS ORARBEB DS NR X 5 & RIC B
% TH»TOIEL T, ZoHmMED K
YERE e, BE, RO Dippds,
WU S NERIEEE SV A D ENCRET 5 =
ERELApsHIONTWI: (RFEFEILED. &
WEZNDE & F o T M & B O RRHERE RS B
FIWHND 2 Ld o, MM OETT DT
E, Wi THBIMM BRI -o 720F
WOFREEZAIRE L T 2T /-2 Hikam & L CHARE
P onbFERED RS L, M
HRERBICANTEE, DyppldT Vv L THb
N swn, ZLT, ZOHET VYV
DIEMELR T ITEH L BFEREE LE LT
5.

BHEE CWRIBS NI T v Y VvERWT
B I U CBEFEREE R E O IERE S %18

{11

% —r)— |} diffusion, tensor, trace, axon, MRI
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A: Stejskal-Tanner sequence

90°

HJ'“—lH

180°

Echo

w

TE

B: Diffusion weighted imaging

Echo

Slice

[\
N\
ase é
Ph @
A

Read

GP

TE

Fig.1. Original Stejskal-Tanner sequence (A) and diffusion weighted
imaging sequence (B). G : diffusion gradient pulse, TE : echo time.

L7zb DT, g7 >V vDOT N TOITHIRS
ERELTH S HEE T 2985 (B2 X
BlEEpEERZ b v y) 2HET 25 ik
PR TW3, BakRs, 20X TH
HaniAE» & FAER S n 2 U I3HRM N
Db DLW i3 MRI OYIHIERE TR
s T EGRZBVWHBIEHEATH S, Zn7?
noErzero TR L D ERCESTIX
WAH, EfEL TR T EHAEGRORTICL K
EixnwboThot, D%0, Him EOFEX
DYEW BB ORI 3BT On VWD TH S,
REOHEBRZ  LTIREE, EVEEHROK

BIFTATREICIT Y, & D ERE 2 R 2 T
3T CTHo 7 T E RS T 5aFHE R L D
Lol iRERWR I 3 &, HERNRIEES O
7o D IR D & b 2 YR OE 2 B E T 5 5
VEDSEGRILE EOBREE L 05 2 L35, H
BIIHEFTHEBOEE, DD, E7kNL
ELHRE7ENVOEEDE RS VEND S
DTHB. ZO/NHOBRIIEET >~V VO
HREREREBRFODDTITI 2L - T,
EHEELTOER2EETIEREWNET 2
M 2 EECS | ST AR (BEEREE) ©
I 5,

1995%E 2 H22H ¥ 19954E 4 H 5 Hiks]

ARG RS Tsutomu Nakada. M.D. Ph.D. Department of Neurology, University of California, Davis, VANCSC,
150 Muir Road, Martinez, California 94553, USA
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22 Bl

1) HEHeRFEE G
Stejskal-Tanner pulse sequence (Fig.l) %
AWz DWLIZBWT, DA 2R 72700
(EHAMEE) CRELTSECENEThOY
72NV ESIEE R,
(TR—TE/2) TR

S=S, (1—2exp[— _ﬁ——]Jrexp[— T

1)

TE P
A2 ZDtZ 6\2 A —_—
Tkm[yg 2007 ( Q]

2

~exp[—

THzeN%, 22T, TRIHED KUK, TE
i a—REHE, T,k TU3ZNFIHES X OREER
i, g & 6 IZZ N2 BRGSOV A DG &
FrtRif, A 1357 D OERNES OV X DREFRERE
ff, 9 1% gyromagnetic ratio 239,

Dopp DS RE R LI (REAMIEED,
TERHESS SV 2 DIEE g 3 AT ER - 7 &,
DEDRZ MV G &2, Doppld > DB
TYVNVDafis B, FonbITa—E5D
HE SWEADT—THE0E gDyl T %
EHONXTZ MV, TYINEBYASIT—WZEOR
GhiEzskzwy, £oT,

Z%Dapp= G T D apgf G vvvveeeeees %2

CEXHZONE, JIITGETE GOEENY
FVTH B,

2) TYIYNVET VY IVEERK

T >V D ape lIFRIE ZIRDT >V VT
by, —iz,

Dx Da Db
Da Dy Dc
Db Dc Dz

TEIND., EOEBONHRTIIZEREE D
ZODRIZ L > THREINE ZODREEME 14,
Loy L2FEL, HEAZZDEZICLTHFOER
FEAE 2 MR 5 2 & CTEAEE Z OXARS

&3 BMAITY] ARG INE T N TR OFT
F) WEELT 5 2 LR S Ciafh). —ikic
LS Tz T > Y VAR D A FEAL Y | EeAS
eI ENEFNOBEE BT 5EE R
FVIZEoTEREINSS,

BT Y VBT 2 EEEIZZ L2 nEAR
AR OIBREERL T3, ZOB%RET
Y NFEMEORTERE D TRT &£ Fig2 0k
Wik b, ZhiFt=0 ORI S S IKE R
RO TRLTFEED t=7 1281 BRF8 L BAESUE
HEMCHETE S, D50, TV VvD
EEMELERER MVERET S I EMBTER
E, MO AEEDRERPTREELRBDT
b5,

3) EEHREE R P VOBEIRIC LV mFASI NS
W8T v VRS

TEBLT > YV Dyt D ¥ DS DI 0 —(E20D
HE SICEEREZ 50, DED FE&HDa Y
FORAMCED LD 2R 5 2 5 IXERTE
BNV ADD I THRESL, Z0ER2 DA
F-HGTDw' GRERCEELCAHDLIL
THS M2 5,

Xih, Y#h Z#AmOERmEE VA0
WEERZNEN, Gx, Gy, Gz x3hiE, 1ER
BB~ 27 v G i3FIR 27 by,

Gx
G=| Gy
Gz

ERTEVTE S, HamOBE(LEits 201
ThZh O8N H#T 2 ERIESHRE 2 ERE L
TEZTENENOD> 1 DERZTEES £& 2

VOVERE O FEH IR 13-15 OBRIE R SR ALz,

AT, TH»TOUET > Vv, BB THET VYV, EEHET B,
gz, BB vy, BEEL, TV VAORICZEERS, AlY>=A|yY>0E0 0. BEHEE T YV LR

wEnE, ZOBBRR»SEERY FVBRETE S,
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i, ERIES VA B X BRI T 72
BEDAH T —H Tx=GT D s’ G134,

Dx Da Db 1
Tx=(100) | Da Dy Dc 0
Db Dc Dz 0

=Dx

Ee, FER DWI Tl d — b s X
i, Y, Z#hoeAmcERCEREOER
Wit/ NV A e 1235613,

Dx Da Db 1

Txyz=111) | Da Dy Dc 1

Db Dc Dz 1
=Dx+Dy+Dz+2(Da+ Db+ Dc)

LB L0 B,

ZZTRYe Z EBIRT VY VDRSS E
DOBIREEIKEFET S 2L ThHs (Fig2), Bk
BE 7Y VOEE»SRE, LoT, DWI TR
PNBEEHT YNV 72V B THb T
Wb, ZOVEDOEDDIEET >V vhi
HOERE2FL, ZOBZEE (EEEE)
EOBERIZZ v LA ThH D, EEREBIZETHRE
ENBERHEER Y MVt > CBlEHans
BT >V v DRES DFFOEIC 3 — 1 72 Bk
Mg, Ko T, BEEECEBRZT YL
ORMEZFIFA LA WEEDY, DWIEG&HTEFHSh
7o &30 1 OILENT W F BT & B O 1
BIENTERVDTH S,

ERECHREL T > Y VR D Te X, B
AL MR T >V VORI 2RI 3
DENRH B, FOREHRIA L - EEE L EE
N7 MVTRH BN, FEEHELEEXZ MLvE
BT 2 10 58T v Y VO L TR DR
BT RTCERET 2HERH 5, NDDRAEK
BPET B 0 Wi/ INRLE 2 —IRBAE DL
ANTHDBH 5, BRI IIERES D0 7z
B Z 127520 DWI EifgA2FH L TRDOOM,

U7 R BB 2 L 3TRETH 5, BE,
BEE TRaNTAEROZ L BEZFD LS 1Tl
TEEES L OCEENZ MV E2EET 2 R
Tholz, Bakhro, HEMEEZFATLIN
S OAERIEEE R EREESL ETERITRY,
Z 2T, HBREPEGROE FHET 3 HGEEED
DBBEERD,

7 %

1) &%

Sprague-Dawley 7 v M2 L7z, Pentobar-
bital BEF T (50mg/kg IP) <, WiEH*—&
T B EOESNIFEOR VY —ICEEL,
WaEMEAL .. WRISFEEED~ v b T8
K37 BicfE - Tz,

2) MRI

GE # #4 Omega CSI-7T (E % 183mm,
300.49MHz) 2{#FEMH L 7z, ERHES 2 1 Vi
Nalorac #0 B CBBrE D A V&AW, B
IANVIFERE A Y FON—-Fr—YE RF a4
VAR L7, Stejskal-Tanner sequence % F
WTE—R 7 A AD DWI @RS VA DT
MZPEZRNOERE LT, MERFIZATA X
E 2mm, < kY w7 X256%256, FOV 50mm X
50mm, TR/TE 2000/80ms, {EFEHEE VAT
B 3.2gauss/cm, HrEEEERE 15ms, 2$v A RfE
40ms THo 7z,

3) EIREE

E{R{E5 13 raw data @ % ¥ Sparc-2 Station
2R L T Z¥KT Fourier x#an 1z, E554E
D HaxtE % #— L 72 £ £ PC (DELL Model
466/M) ECHEGNE 21To 7. BHEREER
software I Photostyler Ver. 2.0 (Aldus) %*
iz,

MR & B

TERER RTINS, — Iz anisotropic DWIEREZN 2 DTH B,
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1) AZEHEE (invariance imaging) Dx Da Dy De Dz Db
72V OBEERT Y v OEEREO= == pa Dy l Dc Dz ' Db Dx
OSOIRTH B Z L 2EROHEBIEHEROFRE L = L+ LA+ Ash,
Z DIROBFRD 5, Dx Da Db
L=(Dx+Dy+Dz) L= | Da Dy Dc
=M+t A Db Dc Dz
:Allzllg

Fig.2. Ellipsoid representation of tensor matrix D¢%p,. Although ellipsoid treatment is a general method in tensor
analysis, it is possible to depict its physical interpretation in pictorial form. Accordingly, each ellipsoid shown
here can be seen as the probabilistic location of molecules at time t=z, after diffusion from the origin of axes
starting at t=0.

Anisotropic diffusion ellipsoid (left) takes a general form where each principal axes («, 8, y) are represented
by eigenvectors of the matrix (right). Eigenvalues, 4, 1,, and 1, belonging to the corresponding eigenvectors
(principal axes) each represent axial components of apparent diffusivity of water molecules and, therefore, the
radius of the apparent diffusion ellipsoid along principal axes («, 8, v) which is given as, 21,-7, 21,7, and

213+ 7, respectively!. It is clear that determination of principal axes and corresponding axial apparent dif-
fusivities requires determination of eigenvectors and the corresponding eigenvalues of the matrix. Unless
observation axes (laboratory axes) coincide with principal axes, all six independent elements of the apparent
diffusion tensor matrix are necessary for such determination.

'Given that apparent diffusion of water molecules in the direction of principal axes follows a Gaussian distribution, the
mean square value of x» of the Gaussian equation :

Oxn= exp[ —x?/4Dappt ]

1
V 47Dgpot

f Oxpdr=1

,/‘xzﬁ(m,dx
¥y =——————— =2D,l.
fﬂ(m,dx

which is normalized to the area ;

can be given by ;

Accordingly, the root mean square value representing the probabilistic location of moleclues (one dimension) can be

defined by (22, 23) :
V 2Dgppt
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TRINBZZDODAHNT—, L, L, LIZFEE
WERARIC—EDELR2IS Z L35, Zhn
F 2V IVDOAZEER (tensor invariance) & ML
nsb0ThH 5",

22T, HEEEORREED, ERHES
PSNVA DT FIIE T R TEREE—FITL T
Bonz DWIEEZ S, ThZThDOE7 LD
I —{F5HEI,

S;=hexplk T:]

TH5z6N5, 22T, TIEEIRLIZAH T —
H,

Y‘f:GiTDapp"tGi

BPHL, Rk, ki
(TR—TE/2) TR
k= (1—2exp[— —Tl‘—/—]ﬁ-eXD[‘ Tl])
TE
-%M—jﬂ

s
ky=—y?0*(A— ?)

THEZONAERER S,

2 ZTHERIEEE N7 P VO ERTNO T
A ETEHRAL T, S & T EOTFEON
ZFWE T SN D H AR TEANCHE 2
I, ERE SVv AR ER T X, Yl Z
o—AFEPEZTCHrITES NS DWI O a1—
WE, Sx, Sy, Sz I3,

Sx=Fkiexplk,* Tx]=kexplk,Dx]
Sy =kexplk,* Ty] = kiexplk,* Dy]
Sz=riexplk,* Tz] =kexplk,*Dz]
TH5zo15,
2. 25 LTESN=50 DWI Ofif %

BGOEEEC 7N L FDEEYH TS
LEER L TCAHD, TDOTa—i8EII,

Sk Sy Sz=kiexpl by Dx)» kiexp k> Dy]+ kiexp[ by Dz)
= (k) ¥ explk, (Dx+Dy+Dz)]
= (k) 3'6Xp[kz']1]

Y, S Z QR TS LI IRELT
VI NOESRIAEELTHE, IRV —
AE®RTH L (Figd).

TEET >V OV ORER 265 F I A BN 7
BFRIBIMRIL DapplElE OFFEICHE - 728K e
FEREGNSEZoNLZEWXhS, DD, H
BICHNTZa > b T A b DSEERC AR
B EBRPCENL 2Lk 320TH5, B
RENIC 26 OEERBE D L 5 RERERED D
DERIZZ NS OETH 5.

2) ZRTAZERMET Y N T X MER

TEEEGIIEZEECEERICIY B3 2
EOTELYET VY NOEEEEHNRIZL
bOTh B, BRI T >~
Y VIZIER O A AR FIC U E&RE =R
JTEAE M a > » 7 2 b (three dimensional
anisotropy contrast, AT 3DAC &H&EF) Th
5,

BT >V VOIERER FrAaE R 121212
FEAENXZ MVERRELZTIER Sk, L
L, BHEHFET Dy DEBEXRT N VZDHO%
WET B HEEZY, 22T, ZDO0EEBENY
VO R EREEE LT EHT LD
TEALRZEHENY MV D % D apt D> HEXL Y
HTBER W5,

COHERIIYHEL UTOEHES XD b
RHEGRE L COFEICESAZBEVWLFETH
D, BREFEICEOWLEZOOHEEAVWSE, D
F 0, (DGR IZADT O AT OIEDE T
BRT A E N MR RS S O D 5
HkTwa, &, QTFEHFERS RO EOOE
KEHDFEN 12T Z DAREEZR D, TH5S.
A TS 213, e, B L © oM
FfE St 2RI RS TH D, FHEERHE, B

CEBIZIE NS D=0 DR ERDIEEOHAGHLE L ST A AERLEHIBIC/EDHT I ENTE S,
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T1WI

T2WI

Dx-image

Trace-image

Fig.3. Trace image of the brain constructed from three axial DWIs (Dx, Dy, and Dx images)
showing the feasibility of constructing clinically applicable D,,, WI which is independent of
subject positioning with respect to gradient axes. T, and T, weighted images are also shown
for comparison. Cytoarchitecutual differences demarcated by the rhinal fissure (see Fig.4) is
more conspicuous than that in T, weighted image. High intensity structures along the third

ventricle in the hypothalamic area are striking.

WCHIR ST E R ORS L EZL 22 EMNT
X5, ¥, ENEVWF 2 — T DL D hiEE
ELTw3 ZEREWHEIE, SO K
BHCEENTRWI EXEETE S, T
3DAC IF MR ICER - 7o HERR Tl 72023,
D 5 &RERL T 2o DR ITAER
2R LTHED B,

FHRERERR DS 1 E O THERSY & B OARES
PRS0 & RT3 &3 E, HRHBR Sk
DI T >V {D appg} cns 1,

{D appg}cns:{D appg}i+{D app‘f}j

TERTILENTE S,
LMD O T > Y VSRR | SRR I
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ZOEEMBE L === L 5 T,

A0 0 100

0 A% 0 | =21%]010

0 0 awe 001
:Aisol

cgRans, 22T I 3EETYTH 3.

PEFMES 137 OGS 2—D DEFEHD
TREDHEFEODTH L5, FOEKEICH
57V NVEEOREEME 2> =225 T,

A 00
0 2, 0
0 0 2,

ERTIENTES,

INIEES I, ZDHEHIE (isotropic term)
EAREFHTE (anisotropic term) & ORI 51T
HIENTESL, DY,

L0 0 L—100) 00
0xn0=] 0 00 +10 20
00 A& 0 00)amso L0 0 A) g0
ALe00
=10 00[+271
000

TH3B, TIT, A=A, L5=1,Th53,
ko T, EREBEE BRI - MEARS
EOILELT >V )V A D an bens 13,

2500
(D= (1D} +{ RI(| 0 00| 4251)R
000 ;
1500
=LA {R 0 00| R +(0A),
000 }

ERTIENTES, 22T, R, BXUR iz
BIREE L —T 2 0B ra =¥ ) {75
T, RiI.R/"™=ITh3, sz, 2hiX
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DWI 233 —MTbbH 3.

ZCT, PEAERSOEFERELT T
DEHFMESPHEBEL TLE 3> RE (11— 0)
2RET S, N3 I I,

A« 00
{D anftcns=1 Ri| O 00| R”
0 00 S
Dx; 0 0
= 0 Dy, 0
0 0 Dz ;
=>{(Dx; Dy, Dz;)},
:{D ﬂPPA}j

LEMTE S, bbb, TRTOHEHERS
PHZE S NIRRTl ER SR Ok T >~
VNVBREFEE S OREFEON ARSI
Lo TREINDZRT My, RNEHERS DR
FHEORARDIICE > TERBRY M, R
FHE~ 7 M)V (anisotropy term vector) DI
BREoTRFTIENTEED0TH S, BHEYN
WHD IS WEERIZH 285, b ElT YN
BREORINE2E Y LIZEE L5 (Figd).
EEECF T OE RS O EERIE IR

SN

Fig.4. In the case of isotropic components or terms
(right), the diffusion ellipsoid becomes a sphere
(right) and therefore, its single eigenvalue can be
determined as the coefficient of the identity matrix
irrespective of the observation axes. In the case of
anisotropy terms (left), the diffusion ellipsoid
becomes a line which can be treated as a vector in
space allowing for its determination by three projec-
tions onto the laboratory axes.




BT vV v L GREGRREE R | EGREE

X-DWI

a®
Fig.5. Schematic summary of 3DAC processes using actual brain images. Initially, three axial
(X-, Y-, Z-axial) anisotropic DWIs are obtained. Following conversion of the gray scale
image of each axial DWI into the corresponding primary color-scaled image (red, green,
blue), three DWIs are combined into a single color image in full visible color spectrum. To

ensure one to one correlation between hue axes (R, G, B) and spatial axes (X, Y, Z), this
image is negatively displayed, thereby generating 3DAC image.
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A B
P *% b""q‘
4! - R U
& P
-
By 4
C
Hippocampus

Layer —

Layer II-IV ———
Layer V-VI '

Corpus Callosum

Stria Medullaris Thalamus
Third Ventricle

Pyramidal Tract

Trochlear Nerve
QOculomotor Nerve

Ophthalmic Division of Trigeminal Nerve
Mandibular Division of Trigeminal Nerve

Fig.6. Enlarged view of the 3DAC brain image (C). Certain key structures are annotated. The
primary colors, red, green, and blue, correspond to the horizontal, and vertical directions, and
the direction perpendicular to plane of the image, respectively as shown in the hue-direction
coordinates (A). Histological preparation (2 um, Luxol Fast Blue-Hematoxylin-Eosin stain)
is presented for comparison (B). The arrow in the histological preparation points to the rhinal

fissure.

BO=ZFOOWERMAT L, 9, PL—2X
HROEE & Rk F—W i cEsiEs v
AEZENETNXE, Y, ZEoO—HFRIZT
T T DWI 283, RiZ, TNZTROEERD
gray-scale 7%, #%, & D color-scale TE& &
Bizs, ZOXICLTHRE=ZDDEBGE b
EHE—DDH 7 —HEROZFEESBEE TDH
LrHlL, —DODOH T —HERICRTEIELT
%, ZRENPE—OWETHEL SN S LEAI
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%% 7 7 —EROFFEDE ST IR D EIRE
LY, £/, ZRAOEAEDENIZL A2HD
EODEET Y VOREREORAEERT
Y2 h, MR TRIERT Y v FEE
NI bbEROETHACHINT 5 Z & %2F
ZE, Bonizh 7 —EERIZERETE =R
TLERLICEGRER L ZEZHASLTH S, Z
N 3IDACHETH 5 (Figh).
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L /- #H# & (2um, Luxol-Blue-Hematox-
yline-Eosin J2t8) VLl 2 R {& 1% R L T
%5, 3BDACHIcED b d3NTeh 7 —Da >
b T A NDHEBOBERFOAR ST, EEE
DIFEFIEREICIR L 72 b O Th MM R <
ENTws, IhEFTREL SN THIZERBO
EfEREEGREY bREL T A2HETH S,

¥ & ®

EREPERO E FHIET S L0k > THE
HHRERITOEN E T 2WEEE 25 SHTH
i, ESECEERL. WRE L DRIE
BT Y NVEZOBFAEBRTH S, BIEREFIC
AR 7T VY NVOLRERE R - T2 bV — A
e, 7Y VORRMEREHLT 2 RN
ZWay s IR NEGOFI R LT, BEEREE
W3 DD MRI 2HA G DY 2 BIENNEIC
wh, £oT, TnEhd MRl BHICEE X
artifact (Flz21F, 7 OVAORE—M, ERES
DA —, WHRE%2EEROE X2 L) 12l
Z, BRI S artifact (B121F, fHH
BbEIEBEOMET R E) BET S, o
<, BEEREOMHER, FEMEODOE Y hardware
~DZEH, FEM7z calibration 72 ¥, artifact &
RAOBRBECHZ 288 L0 BOEGREIES 72
DORYIBERE %5, BHERECEEIEDETE %
ERECEL 38T L iRk » U R A#FE L
FETH 5,

X Bk
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Diffusion Tensor and Diffusion Weighted Imaging : Pictorial Mathematics

Tsutomu NAKADA

Department of Neurology, University of California, Davis, California, USA

A new imaging algorithm for the treatment of a second order apparent diffusion tensor,
Do is described. The method calls for only mathematics of images (pictorial mathematics)
without necessity of eigenvalues/eigenvectors estimation. Nevertheless, it is capable of extract-
ing properties of Du® invariant to observational axes. While trace image is an example of
images weighted by invariance of the tensor matrix, three dimensitnal anisotropy (3DAC)
contrast represents the imaging method making use of anisotropic direction of tensor ellipsoid
producing color coded contrast of exceptionally high anatomic resolution. Contrary to intuition,
the processes require only a simple algorithm directly applicable to clinical magnetic resonance
imaging (MRI). As a contrast method which precisely represents physical characteristics of a
target tissue, invariant D¢ images produced by pictorial mathematics possess significant
potential for a number of biological and clinical applications.

144





