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LB >V Vil (Diffusion Tensor Imaging) Z i\ /-
H R TR AR R SR O HY & B/ NN EA OIS

AWK B
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[BR] MRI 0Bt s L TRERB SN T v YV IVEHR (Diffusion Tensor Im-
aging, BAT DTD) i, EHBORFHELXEBRILTE, 1P OEEMNICRATE S, HRER
MEISIEB R FENRKRE L, DTI #AVNIEHRBERZERILT A2 Z ENTRETHS.
AWFED BHNZ, DTI 2 AWV THEBEICR T 2 HRBERLZBET I L L b, B
INIMZEVESRE (spinocerebellar degeneration, LLT SCD) (23T BIREIZ T D wIGEM: %
BRETBZETHB.

[AFi&] 1. DTLICR T AR @ RMEROEBFTEM MEWICEE DR\ 41 4
ZX& L LTDTI ##1% L, Fractional Anisotropy (FA) map ¥ & ' 3 R TE &
(3D-tractography) #{ERK L T, MNERESCTOSEMAERE, E/ME, T/MBIORHES
MLz, 2. SCD ofdH @itk SCD11 4, &= SCD 5 4 %k B EE 16 4,
*FBREE 25 iz o\ T, DTI »* & Apparent Diffusion Coefficient (ADC) map 8 &L O}
FA map #1Ef L, BB L UOH/NBHOEBOKRE S 2K$ ADC, LHORFHEDE
ExRT FAZHELRZ.

[#8] 1. DTLICR T 2 EMHRREROBEBRITM 26 CHMAER, H/NRE, T
NI HEH Sz, 2. SCD O#ET *TFREE & Ml LT SCAL TIXH /MM ADC
BEEICEH, DRPLA Tk ADC N EEIZEH, MSA-C TG & /NN o K
ETADCHRABICLATHLLBICFARFERIZET LTV, SCA3 TIRRAERARE
Bix7Ze o7,

[#5R] DTI 2 AWV A Z LT X D MEBEICB T 2R RE R A BETAZ LN TX .
DTIZ & % FA £ ADC D #IEX, SCD OFREBMICEHELE T AREMENSS.
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MRI OHBEL L TRERRE I W8T
v Y viEg (Diffusion Tensor Imaging, LLTF
DTI) i, MEBENAKSTFOWNES), T742bb
EHORFHEZERILTE, »OEEMNICKE
TEH VY, EREIIEERERFERKE L,
DTI Z AV ITHRBER L EHBILTEZ &
DEREL 725 Y.

FRE/NMEHAE (spinocerebellar degenera-
tion, AT SCD) IZIX B DEBNR S TN 5 2,
IR, FREFFOESICEL Y EEME SCD
DEL OFRETCRFREREFVEAL MR- T
ETVB YWY IREEMICIIERERKE,
B2 EOFEREEHE D B, HEROEBRBRNET
IHEREEOLOXERILT DI LIETER
Mol IMERBEONREFRTEZLITED
EMMOBREZFHETIMENRESIHL TV
B, WEETTOLZAERKIZL S SCD DFRE
PWTIEEEE ShTng D P,

AHFFED BHIE, DT & AV TREIIZ I T
DIRBHEREBET DI L L BIC, SCDITB
T AREBEONESEERIT O L THD.

NEREFE

1. DTIIZHIT I mpR R RO E G 5T E
2000 45 11 A A% 2001 £ 5 A2, MBI
BREDRN 416 (B 2561, & 1661, F
X5 ~89k, FHISLOM) ZxtHE LT
DTI Z#& L, W& CoOHEMEE, L/
BIOT/MRE ORHEEE RET L.
BRGBAE L, EREE MRI%E (Signa Ho-
rizon 1.5T; General Electric Medical Systems,
Milwaukee, WI) T 5. ## %513 singleshot
Echo Planner Imaging (EPI) % T, #®%& U
X7k FHF (orbitomeatal line, LA F OM line
IZEAT20 ) & L. BBEGFEFSYIEL
FF [ time of repetition (TR) : 8000msec, =T

L

2 — R[4 time of echo (TE) : 97.6msec, field
of view (FOV):24 X 24cm, ¥~ bV v 7 Z%k:
128 X 128, TEE BI%¥% : 4 [, motion probing
gradient (MPG) /L2 OEIINEE @ 9 5 M,
bfE (MPG /3L 2 D38 X % KT 4HE) : 1000
sec/mm’ TH 5. DTI DEREREE & LTE
EROWLBNTWAS525mm (X514 RE/ R
T4 AFKR) ISz, EMSEREREORK
T3/0 mm TOHBOEFEBREEITo. RE
FFREIIE 5/2.5 mm T543 21 #, 3/0 mm T 10 4y
4 BTHD. BONHEEBT —F & worksta-
tion T % Advantage Windows 3.1 (General
Electric Medical Systems, Milwaukee, WI) IZ
Rk L, W% AE®RAET Y Z b Functool % A
WT FAmap (Fig. 1) #{ERKL7z. &BHIZFA
map OF — # % volume rendering (VR) %
RWT3RTAEL, AERMERE IERTT
% 3D-tractography #{Efk L 7= (Fig. 2).

FA map TiX, BEEICIIT 5 8#EEK, £/
JeiRH), 36 X OVF/NRENC oW, 1REAICEEE
Lz, ThZhoaERERIZONT, 2K
BIRTORAFARATHHERTWVWE D%
clearly visible, 50% L ED X T 4 X THiH X

A ) 'ﬂ\' ! »

(@) SfEARR (<) BB (€ T/

Fig. 1. E# Bl FA map (AT 4 2B /EK:3/0 nm)

45 5%, HAKFIEDKME. KB b B ERME
DNEREE D TN 2 TITT 2 #EEE, /R
PHEHTHBMTED LV TERIZZER LFRZIZ LT
T 5 L/, FEREDHIMUE BT L/AMNBIZ D72 A8 B
T/MEABRBRICHH STV 3.



8T v Y VER (Diffusion Tensor Imaging) % AV /- INERERIRMMETR ORI & B8/ NN MEEE ~ DR

NTWB b D% visible, 50%KFED R T A R
THIH I TW3 b D% partially visible, ¥ -
7= < HiH 2372V b D % not visible & L7-.
3D-tractography Ti%, MMEpEf AR, L+
BB L OT/AREA2E TRERHH E
nNTWB D% good, 50% LA ERRH ENT
WER—ET@ERMENRH D b D% fair, 50%KiH
BHHINTWBH D% poor, £ -o7-< #H
B2 H D% none & L7z,
2. SCD ot

2001 4F 1 A 25 200246 10 A1z, #BEFHR
EICXL VB2Hr S - @&EME SCDLL #l, ERHKRA
IZRWT & - FERAsE SCD5 Bl E 16 B (B
10 61, k661, FlHIZ30~67m, FH
56.6 %) ZXBRLLUTMRIZEITLEZ. KA
HONFRITFHE/MNIEESI X (spinocerebel-
lar ataxia; SCA) 1 @ 3], SCA3 (Machado-
Joseph %) D 4 i, WRZERZLERL A
/N & % #F JE (dentatorubro-pallidoluysian
atrophy ; DRPLA) o 4 5], MSA-C (multiple
system atrophy-cerebellar type) D 5 5 TH 5.
SHREE L U CERERAIIZ SCD oW A3 72 <, A
BMICBEORVWRT T A7 256 (Bt 16
B, ZtE O B, £E#RIL 20 ~ 78 %, T 56.4 %)
IZ2WT, RFHIC MRI % #i1T L THRE L7z,

BEBEEL X O DTI OHREIE ML IC R
T AMHRBRMEROHHEORTT L FAKTH S.
AT A RE | EIFEIE 3/0 mm Z8A L.

DTI #* & workstation - T Apparent Diffu-
sion Coefficient (ADC) map ¥ & U FA map
ZER L, B L OH/NM O ADC, FA %
HE L7 (Fig. 3). D ADC, FA DHEIEI
EXHRBFBETEZLNALDLRT LR (3
mm) BEfIT, H/NEEIO ADC, FA ORIEIX
PSR O RS HEHENLTVWDER T A AT
Tole. RIBHOEIIEEDOFEHOEE L
7.

BonT—FIZ oW THBREELEARLD
Lk %4T 5 & & bz, SCD DIREIRBIIC bk
& L7z, BEIZIX Mann-Whitney ® U RE %

t

) BERRE (<) LMK (€ T/

Fig. 2. E¥#I® 3D-tractography (X5 LA %K)
Fig. 1. LR—EM. SEAR, L/BE, T/
PRI TV,

F /MR B
Fig. 3. 1 - /MM 1) 5 ADC & FA ORIE
MI=EAHREBEIETD 12742 (3mm) B

DOUFET, /N R/ RIS R b K< HH Sh T

WHBE TRE. FAMEOERELEDTEH L L .

AW, P<0.052FEE L.

L] g

1. DTHIZH T 5 B SR MR HE R D E{§ 5T

FA map Ti, 26 C#EK, L/OKE, T
ANEBE S HEH & A, BEAE1X 9 T visible &
clearly visible T& - 7= (Table 1). X 7 A
R/ [ 5/2.5 mm & 3/0 mm & DL T,



A&

5/2.5 mm @ FA map T_E/RBIOD clearly vis-
ible 1% 10.5% Td - 72 4%, 3/0 mm ® FA map
TIX81.8% L EHIZH E LTz, SRR, T/MK
HTIIRERMEEIRONZPoT.

3D-tractography T I¥, 5/2.5 mm & L& L
T30 mm DFA, KR, E/MME, /MM
e b L0 BHBRICHNE &, FA map & @k
I BB BN TEDOHAMBEE THo -
(Table 2)
2. SCD &t

e H/NMIZBIT 2 ADC & FADORKR
% Table 3277 . MBHEHLHLEBRLT, FD
ADC IZ DRPLA & MSA-C THEIZCLEH L,
/NI > ADC 1% SCAL &£ MSA-C THEIZ
EHELTWE (Fig. 4). —F, FATZHEERE R
BB ALNTZDIETMSA-CHOAT, B X

Table 1. FA map {Z & 2 RO HEE

i

VCH/NEE O THRICIET LT (Fig

5).

SCD DJRZBIC KRB L DRI FHEEZE
ELHBL, SCAS TIRWThORETHLEH
BEENBO LN o7z, SCAL Tk /N
?D ADC DHMPEEIZEF L, DRPLA T3
DADCDHMBHFEIZEFE LTV, MSA-C
TG L T/ OEE TADC RERICLESE
L, FABREAEIZIE T LTV (Table 4).

% =

EERNOKGFOBEE (L) IARFRF Mm%
DRVWZRITMRBIETHD. LL, HEH
DIREMRHME T, BIROFERBILHEDONY T &
2B, WERBHEDEITICEERF O

Slice & / I/ : 5/2.5 mm (n=19)

Slice & / [EF& : 3/0 mm (n=22)

P SEEREE VM TMBBE BEARER BB T/
clearly visible 13 (68.4%) 2 (10.5%) 12 (63.2%) 14 (63.6%) 18 (81.8%) 17 (77.3%)
visible 6 (31.6%) 17 (89.5%) 7 (36.8%) 8 (36.3%) 4 (182%) 5 (22.7%)
partially visible 0 (0%) 0 (0%) (0%) 0 (0%) 0 (0%) 0 (0%)
not visible 0 (0%) 0 (0%) (0%) 0 (0%) 0 (0%) 0 (0%)

clearly visible ; 2R BT _RTDRSA A THHENATVWE LD
visible ; 50% LA ED RS A4 A THHENTWA HD
partially visible ; 50% KN AT A A THBENTNE H D

not visible ; ¥ o7= < HHMN RV H D

Table 2. 3D-tractography {2 & 5 ###R K O HAE

Slice & / [EIF@ : 5/2.5mm (n=19)

Slice & / /& : 3/0mm (n=22)

FFi PR LSRR TN SRk /ISR TSR

good 4 (21.0%) 0 (0%) 5 (26.4%) 9 (40.9%) 16 (72.7%) 15 (68.2%)
fair 12 (63.2%) 4 (21.0%) 7 (36.8%) 12 (54.6%) 4 (18.2%) 4 (18.2%)
poor 3 (15.8%) 15 (79.0%) 7 (36.8%) 1 (4.5%) 2 (9.1%) 3 (13.6%)
none 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

good ; 2R TR HHINLTWE LD

fair ; 50% L EAHEN TV SR —HTHEERHD O

poor ; 50%EKWAMHBEINTNEHD
none ; o HHMBRNVHD



§i#T v Y ViE (Diffusion Tensor Imaging) % /- INERER R IR MERR ORI L B 86/ NMEME~DIGH

107 mm?/s l—*—1 107 mm?/s f'*—l '—*—l
|+| * * 08 08 |-
— i1
os |- o8 | 07 f * o7} %
-1
06 |- —— 06 | §
07 | % 07 | 05 |- 05|
.%ﬁ% -% 0.4-ﬁﬁﬁ% 04|
06 |- 08 |- x| I
03 03}
i 4 L i [ L
25 o o e e 25 o @ o L 25 o e
b3 PN i /N
p <005 <005
Fig. 4. 1% - H/Mplz 317 5 ADC Fig. 5. & - F/MEIC T 5 FA
BWCIXARBAEE L L L TDRPLA & MSA-C® B, /N E bICRFRREE & B L T MSA-C D
ADC DAFE (P<0.05) 2 EHFMHB. FABEE (P<0.05) {ZEFLTW3.
RN T idset FRAF & bl LT SCAL & MSA-C @
ADC DEER LAV HB.

Table 3. 1, H/NNEIZIIT 5 ADC & FA (mean * SD)

ADC (10°mm?sec) FA
REBRE . -
L LRV & LN
Control 0.66 = 0.04 0.63 = 0.05 0.42 £ 0.04 0.68 = 0.07
SCAl 0.65 %= 0.02 0.73 = 0.09 0.39 £ 0.03 0.64 £ 0.05
SCA3 0.66 = 0.04 0.66 = 0.08 0.43 = 0.03 0.61 = 0.19
DRPLA 0.71 £ 0.06 0.61 = 0.01 0.37 £+ 0.09 0.67 = 0.08
MSA-C 0.72 %= 0.05 0.79 = 0.08 0.26 £ 0.04 0.45 = 0.16

SCA ; i/ MMMEES R (spinocerebellar ataxia)
DRPLA ; HREREL R IEER N 1 /IMEZEHEE (dentatorubro-pallidoluysian atrophy)
MSA-C ; £RHEME/NMME! (multiple system atrophy-cerebellar type)

Table 4. =¥ b o —/LEE & bl U= IEBED &L

ADC FA
KRB
1 LRNEY i RN
SCALI = 1 = =
DRPLA 7 - - -
MSA-C 7 7 d l

- BEEkRL 1 BARICLER | BRIET

SCA ; FH#fi/NiMMEEEY%SFR (spinocerebellar ataxia)

DRPLA ; BRI RAZ IR I BN 1 /IMEZENEE (dentatorubro-pallidoluysian atrophy)
MSA-C ; £RHEMEE/MNAE! (multiple system atrophy-cerebellar type)
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IR S, FATRF R OTEREAS AR I TLE
T5. ZOXSicFAEE b IR ERY
MR E BV, DT IEF Lz Eg{k T
&, POEBMICRATES WP, BMEHO
HRBHEITBEL TV B OO BRFHEN K
L, DTIDART A =2 D 1 OTHEHDOEF
HDBME%FT FA map CIIEESICHEB &
hz9. L»l, ZhETDTLIC & 3Rt
HRBHEROBHICOW TR LI-BEITR
V. T, REBRETIREROWRABAEL,
Signal/Noise (S/N) ratio ZFERT 5 7= ®IZ&
FERAVWONTWERTA RE[RT 4 XHER
5/2.5 mm O EH TIIABICH B S hiroT
T=HEEILND.

EEFAORNTIX, RS RE/ RS54 A/
[& 5/2.5 mm & (LB L T 3/0 mm @ FA map T
L ORHRENERICH E L. Zhidx
A4 ABE%#< L7z Z & T partial volume ef-
fect /P22, TXEMORHENEL 2o
TelebeEBE2 b3, L/ANEOFEMIZIZA
FARE]I AT A AERRE 3/0 mm @ FA map 53
MELE X bz, 3D-tractography Tix, Lk
N D F T2 < SERER, T /NI o Hi H Ak
b, AT RE] AT A XK 3/0 mm TS
MIER TV, 2T XMRER Lizz L
T, BRHEDEMMERRI-ND Z LAFEL T
3LEBZbND. LEROBREEI, AEY
1% SCD DOFHIIZ R T A R | 2T A AR 3/0
mm ZHATBHZ LT L.

SCD I3/ B FHIIZ /NN, FMEe, HEE, KX
EEEOLIWVE IO EZELERMKORELE
L, BBREICEBSRAL EMWE THrHBREE
DRHTHD. ZORBBICETIHEICIE
BENEL, RESELRLICHEILIL TV
WS U LIRS, 4 FRBER RN O
BHEESIZLY, BEMESCD D% < DFEE
THEREEFRRESNTEY, BEF2
BABEL R o712 V7Y, HFHEEMICIIBEER
M, /NI 7R E DB AN D A, EROERR
B CIIMRBRHEE O b O EBRILTHZ LT T

B

&9, NI, 1B, MEREA L OEE, FENEER
L OMMEDILK 72 & OFIERIET RO 5 I
HRBMEOEROFEL ML TV 7,
ZDW, ERIZEAFESE (%I SCAL ¢
SCA3 DEERI) IXR#EL IhTWa.

FE B I, LLAT multishot EPI % F V72
# 3 7 % (Diffusion-weighted Imaging, LA
T DWI) 12&% SCD ofERIB 2R 47 0.
DWI BT 2B ERMEOHMERE L T2 8
RABIIBT 2EETERHBOTE,NS, b5
BEOBEIMNARE TH o 7~. multishot EPI %
V7= DWI i S/N ratio 28 B T, ZEf 4 #E
EXEL, BMILERT—FT 4 777 FBERESH
5T L b MRREOHEOCHBIZENTWVS
»B, EHEORES ADC, FA L WVWo-HEE L
TERMICRTZ LIXTE RN, E7-, Bige
FBARL 20, REFOBZDOEEELZITHV
EWIRRBZHD. SEODTI A=Kt
TIX, SCA1, SCA3, DRPLA, MSA-C ® 4 %7
BTENEND ADC & FADELDRE —
BE > Tz (Table 4). AWFZFEIL, SCD
IZBWTADC & FA DELER LMD T
DW|ETH D0, LLBMHEICHET T 551k
THY, SCD OFREBWHICEBR TE 5 hEM
BRENT. L, WFhicsWT b HElE
WCEBDERKEL, BENLORBHM L D
BRRLEILRDIBRFVLETHELELS.

ADC IIIE#H DK E &, FAREHOR S
DI ERT /NG A—FTHY, FHRRHE, W
faDZEME, BMEIZLY Lo ETBLEER
bha. LaL, REFFETIE, SCAL O H/NiH
), DRPLA ©#& Tit, ADCHEEIZLH L
TWAIZH B 5T, FARIZEERT(LIZAR
Motz ZHIXFA LB LT ADC &L
VBB THDFHEHE TR T ARRLEELD
nd. ZoOk>57% ADC DE{L L FA LD
TEHEC OV TIT Ellis™ HMRERLTNBEDH
Th5d. 1 51%X DTI % AV T amyotrophic lat-
eral sclerosis (ALS) B 0 KEBHE DL
ZRHME L, ADCIIRRHIM LML, FAIXE



Ji#T v Y VE# (Diffusion Tensor Imaging) % A\ - M E ARR B R ORI & B8/ MU HE~DIS A

FEEE, EITHER L O EALEBHREE L a8
THZ 0D, ADCE FAIRRR-T-FRE%L
FHMELTWAOTIRARVWNEHERI LTS, £
7o, FRREVZIER ICRE IR HEST U _EAE
BMEEENEER LAIT, FARERIZET
LTWAIZHE L 53 ADCIZIZEE RN
RhofeZ &ovn, FARI Y BEHioFREGR S
KL, ADC iz RMaOBEEZHS, L8
HHDOEERTOTIERVNE LTS, L
HL—F T, EACESHREEOBREERD
BERBTITIFAILERNRRL, 14ITADC
BEFLTWROATH-TEHRELTEY,
FA XY b ADC OE{LBRHBMTH B Z L 2R
®LTW5.

ZIE TORBERRE T, SCAL 134E#-
NI O /N SRRICEE 2 =T &R T
VW5, SCA3 TIdsike% « %R, ¥EEK - LV
AEROEENRERE SN TEY, BHEERME
DEMN MRI TEDHLND ETHHED bbb
B0, BHITEEL &h T3, MSA-C T
BINRBOEENERTHY, BEORERAE
bk TLRESNL TS ?. DRPLA Tidl
Wi - REER, WEER - VA EROM, KA
H, PMMEE - R, BEEmOEKER Y
DEMERETLERTNS W 27D,

NN IS RSB R E R ME (BN
B) DHRAOIIR L, BEMICIIBERMED
fh, MR (HEABRBIOKRERBRE), BELE
FNTVD. Ei, BERESITERERKES
EEY, ZXMHREE - SMEHRE - B
BEREDZEOMHBENEEND. Z0OK
) I FREI M A B E X T SCD oRARFIIC
ADC ¢ FADE{LDNFZ— %R 5D L, SCAL
TIEF/NMEH O ADC DL REFEEIZEELTW
DI ENLBEEREOESENEARLEZ N
%. MSA-C Tik#E L O'F /¥ o ADC &
FAOREBRAEBICEAAL TR Z bR
K LHLBRERMDOEMENH D LR TE 3.
DRPLA T3t D ADC DAMREEICLF Lt
N OIEBUT T LR N2 E b, B

EMRMELNOBEOEEN R L EZX DN B,
WTR S IRBEZHREICEET 5. SCA3 T
&, /MG E D ADC, FAIZHERE(LN
BRPOTZENOEMENEBHEETHD LT
Reh, REZEHORELFELRVEEX LD
3.

L E

DTI Z v 2 Z &Iz K v s o sk Rg, £
/NI, TFU/NBNRH & 2B T T E .

2574 AE3 mm AT A AHKO mm % H
Wb Z LTk BN R EEAEBRIZ A
T5LRIFIZ, REFR3RTERE2EBALZ LN
T&T.

DTILIZ X 2% X OHF/N MO ADC & FA
DOPEIL SCD DFRAI LM IZ & SO T REEDN H
3.

DTI OfER D5, SCAL & MSA-C TIIEH
FEARMED A TK, DRPLA TIIiBHEERME
UADHEEOEEN M & HAISh, FHHESEN
BELEHKTS.
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Diffusion Tensor Imaging for Nerve Fiber Bundles
in the Brain Stem and Spinocerebellar Degeneration

Tsuguo Honma
Department of Radiology, Yamagata University School of Medicine
Abstract

Background: Diffusion tensor imaging (DTI) can create an image of the anisotropic
nature of diffusion and express it quantitatively. Nerve fibers have a large
anisotropic diffusion, and it is possible to obtain images of the nerve fiber bundle.
The purpose of this study is to observe the nerve fiber bundles in the brain stem
using DTI and study its potential for diagnosing the type of spinocerebellar
degeneration (SCD).

Methods: Fractional anisotropy (FA) maps and 3D-tractography images were
obtained for 41 subjects with no brain stem abnormalities. We created an apparent
diffusion coefficient (ADC) map and an FA map using DTI for 16 subjects in the
disease group (11 with hereditary SCD and 5 with non-hereditary SCD) and 25 in
the control group. The diffusion value of the pons and middle cerebellar peduncle
was measured using ADC, and the degree of anisotropic diffusion was measured
using FA.

Results: The pyramidal tract, superior cerebellar peduncle, and inferior cerebellar
peduncle were clearly demonstrated for all cases. ADC for the middle cerebellar
peduncle in SCA1 was significantly higher, similar to that for the pons in DRPLA.
In MSA-C, ADC for both the pons and middle cerebellar peduncle was significantly
elevated and FA was significantly decreased. There were no significant changes in
SCAS3.

Conclusions: We could observe the nerve fiber bundles in the brain stem using DTI.
FA and ADC measurements with DTI can aid in diagnosing the type of SCD
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