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MR Tractography
—Visualization of Structure of Nerve Fiber System from Diffusion Weighted
Images with Maximum Intensity Projection Method—-

Yasutomi Kinosada?, Mototsugu Ono?, Yasuyuki Okuda®, Hidetoshi Seta?, Yoshiyuki HadaV,
Takao Hattori?, Yoshiyuki Nomura!, Hajime Sakuma?, Kan Takeda?,
Yasushi Ishii® and Tsuyoshi Nakagawa?
1) Department of Radiology, School of Medicine, Mie University
2) Department of Radiology, Yamada Red Cross Hospital
3) Department of Radiology, Fukui Medical School

Research Code No. : 503.9

Key Words : MR imaging, Nerve fiber system,
Anisotropic water diffusion,
Diffusion weighted image,
Mazximum intensity projection

We developed a new noninvasive technique to visualize the anatomical structure of the nerve fiber
system in vivo, and named this technique magnetic resonance (MR) tractography and the acquired
image an MR tractogram.

MR tractography has two steps. One is to obtain diffusion-weighted images sensitized along axes
approriate for depicting the intended nerve fibers with anisotropic water diffusion MR imaging. The
other is to extract the anatomical structure of the nerve fiber system from a series of diffusion-
weighted images by the maximum intensity projection method. To examine the clinical usefulness of
the proposed technique, many contiguous, thin (3 mm) coronal two-dimensional sections of the brain
were acquired sequentially in normal volunteers and selected patients with paralyses, on a 1.5 Tesla
MR system (Signa, GE) with an ECG-gated Stejskal-Tanner pulse sequence. The structure of the
nerve fiber system of normal volunteers was almost the same as the anatomy.

The tractograms of patients with paralyses clearly showed the degeneration of nerve fibers and
were correlated with clinical symptoms.

MR tractography showed great promise for the study of neuroanatomy and neuroradiology.
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BeS 3 (magnetic resonance, MR) 8o
MEGECHBO 7 e v vEBE, REE R
(T, BEERRERE (T,) WKfFT 572, FhE
NDATA=2ZELT 7 v + vEERASEG,
T, 5@ E &, T, HRERIER Xh, BEERD
PRI T 5B, S bDEG b i
DETICET 5 HMETAMS & L XTHETH 5
B, MEEROADBEREIFER TS - LIXRHETH
5,7 "+ VEERLEMEFR O BRO 25 5 T,
FRERR D A EMOMMMICEL L CHEESH BV IHE
BHHHT S - LK »Th B,

PREERRME D AT B T A A 1R 6t T 2 Ei(g &
L TRk (diffusion) 58388 (% 434 % . diffusion i
% 15 {8 13 4 & 7K @ microscopic T random 7t &
EXMETHC R HWIZEIE I LY, Wi
e il 111 o> 52 U0 HH YRV B 3 5 B g B R 1T
bhle P BETHME L S E g
FRFE DA FTIIG U T diffusion O REEA R Ir 5 &
W5 £ (anisotrophy) 3 B X h99, #4k
BT O R D R3-SR AR EAR DRI, ik
BT A PRICE AL B Y o2H B,

diffusion 58 7 & & % 1 #% § # © anisotropic
water diffusion % X { K-+ %2%, chicrxo
7 FIH BB ETad L 7o b iR & S o6
LTHofcled, BRBBHFEL LCUEARA
BT EDIgh otz Lo L#ESR#MED anisotropic
water diffusion 1%, diffusion O REEAFF A & -
TR 2 BB HERMESFET 5 2 L 2RT
bOTHY, ZOWBEEXFIATHENERO Y
M+ 5 EMTREIC I8 B,

AT, 20k 5 e ffE4R#ED anisotropic
water diffusion & FIf U 7o ik # H iR @ o
BAFE TR AN, ¥, AFE% MR fRKgikGs
(MR Tractography) &#&flidic, KT, #H
L < B% & hic MR Tractography o JEH %y~
HELDIL, TOEE~DIGABILZRL, AFiE
DEERA e ER L BRI OV TR Lok R %y
HET 5,
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2. 5 &

2. 1 MR Tractography M EAKFEIP & W%
BRI HEE

MR Tractography OIERIFIR L, HERREHE S
BESICHE T 5RE L ARFIDER LB 5R
EBIC T A BESEROMEAETH S, K
PHE TR Y S E B 5 mE LT -
LT, BEDAL =2~ (spinecho:SE) %o
180 RF (radio frequency) -% /. 2 D R iz
diffusion % H F3 o i & #45 (Stejskal-Tanner
gradient: STG) - A& & % In % 7= Stejskal-
Tanner 2/ ZRFREA LIz, i, BESIC
Fi SRR R L, TR i 2 1
5 e DI R KMERE (maximum
projection : MIP) 2% F|H Lz,

LIFiz Stejskal-Tanner -3 v A %57 & fhigig it
@ anisotropic water diffusion % | L 7o 1%
WA FERE D & & EE D diffusion 58 F 5 {
kM oME» 5B L, RET 5 MR
Tractography O #iEHEHEER B & T3,

Stejskal-Tanner - v 2 27| CHE X 7o i {8
DEFIHE S QHFATRE B,

Soccf(v)sp+(1—exp(—TR/T,))
+ exp(—TE/T,)*exp(-bD)

fetZ L, Mo diffusion coefficient % D, STG
AN ZADFHE% b(b factor), Fr b VEEY p,
M A £(v), #0 I LEFH (repetition time) %
TR, == —KffH (echo time) % TE & L=,

L &b, diffusion SHFHE & OFSEE S 134
PRI D BRI | R RS2 —ETh i
exp (—bD) OZHAITHE L kb, ik
diffusion coefficient 2375 1C B 7z B B Gz ik
DOOEENTRETHD Z EATRBL TS, T HiT,
diffusion coefficient 23Kk & \ &5 S E2ME T
+%5, Tuner bic X % &, ABKEHE To
diffusion coefficient (X#0.00066mm?/sec, &
HTMERMEDETH I FITIc STG v A%
FNAn U 7= 354 @ diffusion coefficient 133F4#50. 001
mm®/sec, FIE THRERMEOETHMEELTS
JENZ STG -4 2 % EIf0 L 72 38 & o diffusion
coefficient (ZF4450.00043mm?/sec T&H %19, =

intensity
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DI &k, KEMEAE CHERMEDETHIM LB
T5HFEISTG < 2%EMTHE, BAET
HMEMMEOBESHE XK EL STG < AD
BN % & FMCETT 2 HRERiETcORES
GHEE & §91.5~2. 5% BE DXL DT H Z L AATHE
THHZEEEWT A, Tibb, HANC
STG ~rAEHMTAZ LILL T, STG <0
ADEICHF & BT 5 H P O fRERRAE D 2 % il

OB L CEERF T2 2 EXNRETH
%,

ER OB B R B/ b R R A
wEHili§ % BT, F—EA%ME O SE Hids X
0" Stejskal-Tanner -2 v AR50 THRE Lo iR
Fig. 1ica3¥, 7ods, MR #f13kE GE H- 8o
Signa (1.5T) A\ 7z, Fig. 1(a), (b), (@
ThZHEH O SE BTl S hic#dEK 2 A

Fig. 1 Conventional spin echo images and the diffusion weighted image of a
normal volunteer. Proton-weighted (a), T,-weighted (b), T,-weighted (¢)
coronal images and the diffusion weighted image (d) acquired with the
Stejskal-Tanner sequence. It is difficult to understand the anatomical structure
of nerve fiber system from the conventional MR images (a-c). Anisotropic
water diffusion MR imaging shows the presence of nerve fiber systern and its
orientation in the image (d).
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CEUHETPERABRTH D, BESLHLE, Fe b
vEEHFEE® () 2 TR 2,500msec/TE 30
msec, T, 5#7E{#E (b) X TR 250msec/TE 11
msec, T,8#E% (¢) X TR 2,500msec/TE 90
msec TH5B, A7 A AREEFSmm & Lz, —7,
Fig. 1 (d) % Stejskal-Tanner -/ A %%1% >
O E R R & & h o diffusion 38 8 E & ©
HY, BELFIBEROREBFIETRT&SELR
LThHH.

IhGAMOERY LTS L, A% D SE &
THE S hicE® (Fig. 1(a), (b)), (o)) TixH
BEKABEDO IR TH L0, AL o
HEENGENTLE LIHEETHS, Tihobb,
waller B ETHERICESRELHBE T 5
LAgkex, 3L D BBt 5 R TR
DHREMOER L BB ICHNTELFRNLINE
THEELRI -7, Fig. 1 (d) dARFETHG
BERECXDEERTHEY, HEROET—K
L CAEEM D 55 € TERE L 7o E SiEkn
i S h, BBEAAETEEERF- CETT 58
BRILBRCHEHIATWS, bz, MERIE
FEEHCHEIhTwaZ X b, MIPEIZXL
R ORI R & T,

2. 2 MR Tractography T®ig{&FIE

MR Tractography @ &4 1 7o 8 (& F E % 7=
7.

® #\ A F 1 AEoD diffusion G Z 2 5
A AFEIF S U CIRIRE S EAE T 5 H A ERE LT
MR E T 5, #1813 Stejskal-Tanner ¢ v &
FFlE AV CLERIR CfT - o, BfEmEEIR
MTH5D, #HEEMHE TR 3RR/TE 120msec (72
721, RRLLER® R-R interval #ET %),
AZ A AE3mm & L7z, STG <r 2D &ML
TTHAh,

vy (gyromagnetic ratio)=26,754radian/sec/
gauss

¢ (STG <1 A DIE) =40msec

G (STG v A D5 &) =1gauss/cm

4 (220 STG <1 2DRFE) =60. Tmsec
ok E, BEBIHGI STG <A+ 2D b factor
13542 .459sec/mm*TdHh - 7z, 7272 L, b factor (&

(30)

MR Tractography

w’ATHRDHIID,

b=y%¢2G* (4—6/3)
%7z, STG A RO, TRER T
MO H A B#Y & L7 fc, anterior/ posterior
D1FEOZE L, ¥, #HBIEEL T2 supe-
rior/inferior H M % BAEH = 2 -7+ v 7 HH
IZ[E5E L, anterior/posterior Ji~® STG ~<v
ADMIEAZ7 4 ABFREHEE LIz, Licdis
T, 2D X 5 i@ &TcB 5 h 5 diffusion 85E
R, EREH X FREEE R - CET T 5 M
FRiED Hox BEF LT 5,

@ ZERrIc R L TR & hic diffusion 3855
EHREFIC6 LT, &SR diffusion 50 E S5
DR TR S EEFOME (maximum intensity) %
T4 59,

@ #hH &R maximum intensity % %G L7
BEEEICHES L CH Ly 2 RITTCO G % ER
6 9]-.

O X 5T UTIERE & o $T LW E{& 13 28R
WHERE L CETT 5 MR Y 1 foBEGIcREL
febDTHD, MEROLLHE IhicEE L i
5, Ik, AR TRIDOI 5L TELRH
EE @ % MR Tractogram & %37z,

. =

KA CTRETZ2FEOBERWNTFME B/Y
12, MR Tractography ##EALET v 74 7 &
EEZEREWICA L, LTz ofERER~3,

HEANEF v T 4 712X 5 MR Tractography
DOFER% Fig. 2 3 X U Fig. 31R7. Fig. 2(a)
13 MR Tractogram % fFR ¥ 5 B &5 €T %
oD ERDHEBR R THS, MR Tractogram
EELD iz, FTHE S Ic & GLE T o diffusion
SR 2 RE S h,

i 2 i diffusion FFEHR OH, RPN
Y EUREHEOESY Fig. 2 (b)) ~) R,
STG 0 ARG L BT HHHACH S h
Twbicd, BEEAY HREYIF- TETTA
P (PPREARMER R FENCAETT) &l (G
B ERERCET) AREBTT#EshT
WA, ThbOZERENCER L TRE S hic—H#
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Fig. 2 Sagittal scout image and some diffusion weighted images of a normal volunteer. Lines
in a sagittal scout image (a) show the imaging planes for diffusion weighted images. 24
images were obtained to create a new inage. 5 coronal sections out of them, which include
corpus callosum and tractus pyramidalis, are shown from (b) to (f).

Tractogram % Fig. 31", Fig. 312k b §&
AN OEREAN BT T AR, HEH, #e
HEOMERY 1MOEBE LTHETAHZ LN
THRIC T o T,

B EEE I X 5 MR Tractography © #5H£ 4
L Ficir?. Fig. 4 (@) ~() cBFEomED SE
ECRE S hic MR BEifgo—i% R, WX (@
7 = b EERHABEER (TR 2,000msec/TE 30
msec), (b) & T,3&EE (TR 250msec/TE 12
msec), (c) & T,5858E & (TR 2,000msec/TE
90msec) TH 5, FECNTEEL i, MBIN6NEFEIE
DREEFTH b, RIKER G EBRETSH 5.

Fig. 3 A new acquired image called MR Tracto- Fig. 4 CR LB L FOMOBB I BE
gram of a normal volunteer. This image was . P e o
produced from 24 images obtained in Fig. 2 and MRERLY, ZEP?@’%WEM;‘)J&%JT{’%E‘ _%ﬂﬁ&
showed the anatomical structure of nerve fiber HEC T Th8MRER cRiES, T.5HEE S
systems in the area covered by 24 images. TCREEOHEBAY AN, SbhitFo—Hit7 e

P VREEREERIC TEESARLAZ L LD,

R 54 2 A25H (31)
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MR Tractography

Fig. 4 Proton-weighted (a), T,-weighted (b) and T,-weighted axial images of
69-year-old female with cerebral infarction.

—MBR LA HE S BUBKFERE L E 2 bht, ¥
7o, R AT E A b A KB 221 T T,5%58
HEIZ TR DI BESHEVER L TR
o, EB, KBS X OB EROSFICES
EZRRoh, BUTEEBRL»BHLRI, Z0
b, BERC X 5#EROBIECHE S wal-
ler BB,

A B % LT - 72 MR Tractography @ &5 8
L FieRd, Fig 5 (a) ~(f) i* diffusion 838
B{RETHD, Bk X UHEERYESHEROBEE
DHET LT\ %, Fig. 6% Fig. 3 & B0 0®E
ik - THE bRz MR Tractogram T#5 b, g
B L O 2 & 12t @ diffusion 58 58 B & 2
OIERL L7z, B Ch) D#EKEmDESEE
WL CREM (B oK EsgoE SR

(32)

BIERTARD bR, BAISER IR & g
HELT B LAHETES,
4, # =

AP TIRE L 72 MR Tractography {22\ T
EETBD,

MR Tractography @ #EEH HEEIZH V5
MR &EED~— F v = THINCKE S E&EFET 5,
BHY & T 5 MR 2 hofSict L CHES /M
3B 7-diziE, b factor A < T AHMLEN S
%, bfactor ¥ K& Fazbick - THAMKY
Fio e WEBPEIINT 5 STG A4 R EEFTLT
ETTHMERMELSDOMRESR/NE T2
ZEMNTE, HMEIZHNT A STG 212 LE
AT AEAXETTHMHERO S/N 2E L
BledTHB, LL, bfactor v KET57%

B ABE
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Fig. 5 Diffusion weighted images of a patient with cerebral infarction. Only 6 coronal
sections, which include corpus callosum and tractus pyramidalis, are shown from (a) to (f).

BT STG A AR TR EVGEBIC b Y
BNt 5 AEN B Bicsd, DS eligdkuic
i 2 BN % b » IHFES 2 A Lo AT ADE
KENDB, KPFRCIESTG 442 & LTlgauss/
cm D5 & OH F G -2 4 A & 40msec © I EI 0
Lic, ZOREEMELARECHVc MR Z#E T
D ERETH B,

DX e AT, HARCMED X S
AT A HIRIER — TR EREO BN
BWEIBOME TS TH 1o h, BRI
EH2ENRH o1 b, MR IR RIS
OREHEICRELSHES/ NEboTWwB EXEVE
\», Zhid MR Tractography o #EERE HBEIL
EINd % STG -4 2 & #5535 iR iR
DFETH A & OEFIFR A BERERICEKTET 57
BDTHBH, Lich-1T, Fig. 2 (b) ~() I
Fig. 3, Fig. 5(a) ~(f), Fig. 6 -7 HE LD
REAREA AT 5 AR, ai3cE, /)
B2, W5, BEEEE IR EEDE L

SFRE S 4 2 A25H
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Fig. 6 MR Tractogram of a patient with cerebral
infarction. This MR Tractogram was produced
from 12 diffusion weighted images including cor-
pus callosum and tractus pyramidalis. 6 images
out of these 12 diffusion weighted images are
shown in Fig. 5. It is easy to evaluate Wallerian
degeneration from differences in the signal inten-
sity and in the width betweern the left and right
tractus pyramidalis.
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THRTES, —77, TofholEhrREST S
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b5,

Wiz, YEBE & #17c MR Tractogram 12D\ T#
%35, Fig. 3B XUFig. 6 X9, UTFoz &
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MERTH D LIXE 27\, MR Tractogram k
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TRl & FREERR O Sk X 0 BEREYICRi 5 Tk
ESHEOFEEE 25, E51K, MR Tractogram
ETEES IR & h D HEIE O MEREEN LR
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LTRBEEBERERESTHHEELT VB, *
DIRFLE LT, (3ER—AL TR S hiz Fig. 2
(b) ~(f) & Fig. 5(a) ~(f) o diffusion 35
BTRBEDOHES, X5z Fig. 3 & Fig. 6D
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% _ED{EAE 515 Fig. 6 © MR Tractogram i
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