PR T Y VI D FEBE &Rt -EEFE D 72 D DT T 1

ORI

jrﬁj IE%I’

2 @I ST RN < S

MER B RS PR AR IR SR 2 A A KPR T B A R PR SR (R 2 = 4 B

T L &I

MR % I\ THEKH DK F OIEB S D€
TV EL T, 58TV VW F kT 1994
4F1C Basser IZ L D @& I A, 1999 4FIC i
Mori 1T XV Zh & H\ /- fiber tracking (diffu-
sion tensor troctography) 23#if5xh/z2. i
BTV OV OR S, EiC BRI RE
T HKGFOIRERNT 52 & T, FFEDOH
Bl o i (75—~ v 7= tractogra-
phy)d4 &, HEOEECHRIELICBIE L 72
fractional anisotropy 7% & OFFEED & B 1Yl
MARE L 7 A 5 TdH %5 (Table 1, Fig. 1). 90
FEARUTITFITEIR Td - 7= BIHEER SC8UE 2010
FITIE 1000 a8 2 (Fig. 2), BRI i (5 %
HO—2DY =)L &L TEEL TS,
EENDIGHLELS 2B LEY, HEXRHA
FEY, 5 O¥KY, 7L a—)ILEEED, post traumat-
ic stress disease (PTSD)®7% ¥ % < DK T,
ATEARTE CMEAEE, IRBRICEE T 5 HEK %
FfhE LA mE SN T 5.

3D T FRBLHLEL T v V)V 7ok -
TR BT O ED A7 BT, ERIKIY
ST OO HE U\ i OB R RR O RG PR 2 1 5 &
BRI L L CEH SN TV 5. 3RS0

7t ¥ Tik, MRI % biomarker & L TIEHID%)
RefELED EVWOHELHH0. 22T
i3, ZOLD KRB £ 2T, Kk VL
% N RNT R DO IERE & 2 OF R OR B A i
HICELDB.

Diffusion tensor imaging (DTI) D4k & K

Ko FOIRHNE, FRPICREE O\ IREE T
IR %75, BEE Tl B ERMEOFAEIC
10, MEOHRICE LT, ThEEMD

Table 1. Advantages of diffusion tensor imaging

¢ Segmentation and visualization of WM
—Wohite matter atlas

Visualize brain network

Navigation for Neurosurgery
Quantification of WM
—Neurodegenerative/psychiatric disorders,

dementia
Explore specific location of function
Measure degree of changes in that location
—Biomarker
—PFunction and Connectivity

WM: white matter

39 [ A ABEKIBEARREY VRV Y A4 DIFMZEIC I B MRIEHTHIZE | 130 Lz & L/

LOTHAS.

¥ —"J)— K diffusion tensor imaging, psychiatric disorder, tract-specific analysis, tract-based special statistics
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Fig. 1.

a : diffusion tensor color map : axial plane through the basal ganglia

b : occipital brain tumor (oligodendroglioma) and diffusion tensor tractography of optic radiation
and corticospinal tract

¢ : diffusion tensor tractography of limbic system (cingulum, fornix and uncinate)

d : voxels for tract-specific analysis of cingulum

e : white matter skeleton of tract-based spatial statistics

Number of publications/year
diffusion tensor

Schizophrenia

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Fig. 2. Number of citation of DTI per year (1996-2010)

Number of scientific papers searched by ““diffusion tensor’’ in PubMed is increasing rapidly and
it is now over 1000 papers/year. Within those papers, about 200 papers were related to psychia-
try. Papers using the words ‘‘diffusion tensor tractography’’ or synonyms become over 300/year.

20114E10 A 17 AZ®
BIRIESR4E  T113-8421 HEHCERX AL 2-1-1  EK AL E IR E 3 A
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FENCEBI 12 K72 b. SNHIRERE M &
WL —DDIR T RIVDPLELE 3% 3 DRIFRT
FITRLI2ET IV TV VIVT, ThaRf
b3 % Z & THER D TT M550 % kg P A T el
L7eBED=20FTR (BFEX7 V), B
FU=Z20Kk&Es ([HEMH) HRETES
(Fig. 3) .10,

BEALIC ST, FEOTT M OE W% T
%79 % color map %, FACT ¥ (fiber assign-
ment by continuous tracking)?? % H\\T, A
BTV IVRE RO Rl A 72 & 0 MRERRHE E 4
T4 A3ABT v V)L tractography  (diffu-
sion tensor tractograpy: DTT) 7z &AW 5
NTw%. DTTIC L VI N/-HEKITL,
MR B NI INREDFEIR & B OGS T
HMONTWAMOHER & L —FK%T 512,
WA LT 5 L an5Y, wmikiR, #k
I, M5, MR (D07 & —id)
A S IR Th 5414,

EEHEICIS\WTE, R8T vV IVERR O
ERESHRTEZODOMAM A1 =12243>0
(mm?/s) #MA\WT, RAUEOIHETH % frac-
tional anisotropy (FA) <, Hlaa-FgfbL 7=
apparent diffusion coefficient (ADC) (ZE7-i%
mean diffusivity (MD)) #&H L, @Hick
FHANT—mELTHWS. ZDOORIHEHED
25, AL FHEERRMEST M SPAT 72 05 [ O Sk

Diffusion tensor ellipsoid

A A
A

Fig. 3. Diftusion tensor ellipsoid
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ThbEEZDN, 12 B LU A3 L ICEST
35 HROIE &7 %5, Al (axial diffusivity)
B 75 & C R B ARG CHEAME T 5
LKLY, A2 B XU A3 Oy (radial
diffusivity = (A2+13) /2) 1, ZRMBEIIE MR
ETRONLBEICBSW T ER T 5 & a3dd
INTEHY, X DIFREEWET R L 72
i LThERESINTWA.
DTIORMEE LT, —2DR72ic—>
DFVYIIWVEREL TWAH7D, partial
volume effect IZ & V) 22 R T DOFRHMED 1B P
Wit CERBEL LD A &, IEICIER S fix
RELTWAIEDRDAH. ChERkd 57
DI, AR RRENLEGRF G (high angular
resolution diffusion imaging ; HARDI) 12 Xk ¥
AR EE R AT, TV IVETIVICES
TR AT O FHEND A7 FAEAN
7 Va7 DTTICH L, HERS A% B &
LTHEBOHHICANZ P& TWw <
probabilistic tractography 13, KRG & $IK
& DORRAMEAAZS O, BHZEIIRIC B 5 ik
DRt 7e &, ZZ SR HE R IT O /N SR
T ELICAERE SN 5. Q-space imaging
(QSD) %, EHFAAEREL L\ VI8 A
FUy Z7RFETHY, ERSMICHEDRVE
RN TOKGFOE) & % X D EMICHEHE T X
B. KOTF ORGSR 2, PR R EE
(full width at half maximam ; FWHM %7zt
mean displacement) 7% ¥ %\ C—&RILTHE
B9 % g-space imaging (QSD)®, TFH45Amn
OOmER R TREZFMH L 7- diffusion  kur-
tosis imaging (DKI)20.2D 75 & 2ERIK G T & 1T
PbhTET\5 (Fig. 4).

BaOWET ) BT E

DTI Off#rid: & L Tid, BEENO 519
WA b LICE b E{% T region of interest
(ROI) # BT A 175 )7, DTTICXDY
BEENCHEH L 72 ORI DWW CE R



JEECT ) IR DELRE

images of diffusion metrics

Color map dFWHM

Fig. 4. Images of diffusion metrics

dFWHM : diffusional full-width half-maximum of probability distribution function of Q-space
imaging

DK : diffusional kurtosis

I Cingulum Corticospinal tract Bl Fornix

Bl Superior fronto-occipital fasciculus B Uncinate

Bl Superior longitudinal fasciculus

Fig. 5. Diffusion tensor tractography of limbic system and other long association fibers

173



HigkReE 2831%&4 5 (2011)

it & 7 9 % tract-specific analysis (TSA) %
721% tract of interest (TOI), EE#ERGAALIE B
DR AT > TEMOEHRFE T4 1T S voxel-
based morphometry (VBM) < F4'E @ skele-
ton % {F - THBEIZIE LD BG4 17
2 tract-based spatial statistics (TBSS)22) 73 &
D& 5. flx OFEORIEITNIC OV TL Ta-
bles 2,3 1% L 7z, KHEHHEBICKS T S
DTI f#HT O fE A DWW CTEBEICfE ~ OS2
BHDTE N BHE I NT\N928.20),

ROI & Tld, BB CR#HTE AMELY L b
3R,k L manual € ROI % b TZ D5 D
FA 2 ADC, A1, radial diffusivity 7z & % 3l
L, A ERBREZHIELZY, BKEESO
MBI A R7-0 3 5. ROLIZABRENS 5
color map Z#H\ 5 & BB\, fENTDI2D

IZh T 55 MPG % #id 7\ EPL © Te i
FETHRDLIELDSH. FA ETROI Ak
DDHEELKICBEPADRSTWEEZ L. FFE
DFIRD L% G T 5728, LE ORI
Pirv. FOT-ORREEIZEDS, AT L
TH 7B EIAL 7 BN 729 XD IR ik
I TE R\, BBy 7 F R EE Lk
W7z, fFEICAT 2 5. Tract specific analy-
sis CEEH TN O FHE DML S N 5 LTI
X, ROI % M CH WAL ERTH -
7273, AT Tld TBSS X VBM CREEIA %
BHL, ThafR L7720, MmoOIEE & OB
T RI2D T HIZOICHWOND Z ER% .
TSA %5 \id TOL T ROI O —fETiddH
L5, FHBROIEELF 2 AHFIET, FE
ODHBERICEWAE =2 (BsWE=2) O

Table 2. Quantitative analysis of DTI

ROI

Tract-specific Statistical analysis

1. Visualize tractography SPM

Manually placed ROIs on color

method map (or other image) 2. Measure FA, ADC, etc, within Atlas-based
the tract. TBSS
Easy to perform (but takes time) Less subjective than manual ROI
. highly objective
No software needed Detect changes of specific tract
advantage Whole brain analysis

Sensitive
Less multiple comparison

Sensitive

(SPM, Atlas-based)

Less multiple comparison

Needs human time

Limited to some specific tracts

disadvantage Highly subjective

Multiple comparison

. Not exploratory Registration
Less reproductive
Table 3. Imaging statistical analysis of DTI
Voxel based Atlas based TBSS
DTI studio,
software SPM DiffeoMap/RoiEditor FSL
methods/ Similar to 3D T:WI (VBM.) White mattef atlas based WM Speciflc analysis
advantage  Reduce individual variability Name the white matter WM Skeleton
Registration . . . .
) Based on one specific brain Long calculation time
disadvantage  Different result by setting some programing needed

(such as Smoothing)

Registration
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manual ROI 7 BT v/ )L tractography %
WX, Zo tract 2 5 voxel OE EAE % 51
THLDOTHE®. BEOHERPHRTE
HIBALIC RO &L, & &3 IhET v Vb
tractography @ 7 )l T 1 A A fiber assignment
by continuous tracking (FACT) IZ#t- CTHE)
MIZ tract i, 28 5 voxel HOTE
BT HBWICER T 5FETHD, ROIE
FVBBEDPADICSVENCE, FEEDOFIRO A
WZBR - 7 M & 7 520, 3055 R H BRI IR
5/ )l tractography % LEZAFE 28 L 24
<, FHliL =9 (Fig. 5)20. K ldiz4s
HBWICH > THERBOFEO A% 5HlT 5 F
ELBMTE 5%, TLICHLISI LR
HLSERONROMEIHEL L L, fix
DING A—2 DFFEI & D BRGNP R b7
FREEAL R S MR IE R SE D EE L W C B e B n2g
Fonb.

PEET Y VO RE R e B TR R AT
I%, VBM T& Ti5Ra{% & MERIC SPM % {ifi -
T475 2 & & T& 5. Tract-based spatial sta-
tistics (TBSS) i HBICH L L 7=F &, 2006
D Neuroimage Tl i SN /222, Zh
3 % O FA 7% EEHERIC IEFEIC &b/ 5 LEER
7\ WFEET, 1.FA O K% 77 Nonlinear reg-
istration, 2.FAICHK S < BEK O F M 4
(skeleton) DfERL, 3. Skeleton EiZ FA fii73
Kt xn %, 4.Skeleton D FA % W CTHt
SR AT D L\ D D Th 5. ZEHIPFHEL
PN T registration O & 4 70\ B3
T#H%. VBM THW b2 EGFEFITICES
5T, MEDDEOTRRERMD, 5
ETLREEDOKRE S EPEILOBRER~ v FL
TS ERRER ERDL, EWOFIERD L,
B L OB IZFRI 72\, G REEDO K\ R
SFE I3 < 28 MRI Tl - 22 < D%
SIREEDOF SRR, R EORENR D
5.

BHREMEDI-ODMERLESL

&« D % O FFE O MR # 8 THE « OR5H
B TINBICRE PRE SN TV ABIRT, K
DBEREDOERKRIGH Tl & a3k AEE &
4. Lo, TV VIV TR TR R A
RERETH-/2C D, RIGEOBERE(LL
BEINTEDLT, 75V FABRWT ENBE
EEOEEL L 3. BLR Tl R oI [E
P72 Cid, AL vendor DRIZEDOERE (Txh
[¥F— version) TRIMOBLHE 07 AN
FH Ao THREL, ML/ A—2 Tl
L7 D% O BESHTERATHS. MUR
MmCOIRBEN RIS L EREP RS (B
{Z partial volume D7z & & 2T\ %) 720,
sk COWFROTREEOD H5E121E, LU
BREEZHCTES CEREZT L W20, H
AWRIBEFEED AR T 4 — 7 )V—"T T,
Table 4 O & 5 7n— e RGELRIET 5 &
L 412, vendor & & OFMIAEE#E(L L TET
W5, e D vendor Tl BEIC EEHE A T B Gk
OFWEDERB L, YA Micideng
REETEDL LI T Ah. EHERHRGED
WUy, SRR ERIH Lo WE,
L EERH-> TO SR E Rodhid,
WA 5 1 ik kB se 2w ge & 7n % & A

Table 4. DTI protocol for psychiatric research

o Number of MPG : 30 (Jones**)
o Number of EPI T:WI (b=0) : 5
e b value : 1000 s/mm?
¢ Voxel size : 2X2 X2 mm
¢ Whole brain coverage : 15 cm
* No oblique
* SENSE factor : 2
* at 3T MRI
** Proposed by Jones (30)

This has been proposed by us in the study group of
diffusional anisotropy of Japanese society of magnetic
resonance in medicine in 2011.
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bhsb.

KB T VY VDT T IV IEEIC IE M5 A % (K
ELTWAD, HRIEREEZONS ED1T
Lo lHERTIE, ETNVICRAND B, %
D 7= DIBUC IEHL 0 % ARE L 70\ MRITE D %
CEBEINTWAS. 2/ Th, Q space imag-
ing (QSI)19.:32) % diffusional kurtosis (DKI)V
BERKICHEL DD, SHEHBEPHETLEEZOLN
5.

¥ & ®

IR T vV VTS B A AL L, H
BrRERTELLVD I - RTETHD,
BHEEIC S TOEEHLLHEL, O
EREAIHIECTH 5. I TV IVIRITO
F# & L Tik, ROI &, tract-specific analy-
sis, HE{RHHNT (VBM, TBSS) 2350, &
ETHENE GO THRHTA LD -> T
%. WGESLERMEOBENASHROPETH
5.
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Recent developments in diffusion tensor imaging (DTI) allow the extraction and quantitative anal-
ysis of specific white matter tracts. We can visualize the specific white matter pathway and measure
its integrity using DTI parameters, such as fractional anisotropy (FA), apparent diffusion coefficient
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(ADC), Lambda 1, and radial diffusivity (mean of Lambda 2 and 3).

The several methods to analyze DTI data include : region of interest (ROI) method, tract-specific
analysis (TSA) or tract-of-interest (TOI) method, and voxel-wise statistical analysis, such as voxel-

based morphometry (VBM) or tract-based special statistics (TBSS).

VBM and TBSS are new methods that permit objective and reliable use of automated special

statistical analysis.

There are over 200 articles/year dealing with diffusion tensor and psychiatric disorders.
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