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Quantitative diffusion tensor imaging of normal-appearing
white matter fiber tracts of the brainstem in patients
with relapsing-remitting multiple sclerosis
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[ Abstract] Objective To assess the changes in normal-appearing white matter fiber tracts of the brainstem in patients with re-
lapsing-remitting multiple sclerosis ( RRMS) quantitatively with diffusion tensor imaging ( DTI). Methods Fifty patients with
RRMS were recruited, and twenty five healthy volunteers with the same gender and age were selected as controls. Conventional mag-
netic resonance imaging and DTI was performed. Quantitative indexes as fractional anisotropy (FA) and mean diffusivity (MD) val-
ues in the brainstem fiber tracts, including corticopontine tract/corticospinal tract (cpt/cst), superior cerebellar peduncle (scp),
middle cerebellar peduncle (mep) , inferior cerebellar peduncle (icp), and medial lemniscus (ml) were measured and analyzed.
Results In comparison with controls, decreasing FA values in cpt/est (L; P=0.030; R; P=0.020), icp (L: P=0.030; R. P
=0.037), scp (L: P=0.036; R; P=0.041) and ml (L; P=0.014; R: P=0.035), as well as increasing MD values in cpt/
cst (L: P=0.004; R: P=0.046), icp (L: P=0.047; R: P=0.011), scp (L:; P=0.021; R; P=0.011) and ml (L; P =
0.002; R: P=0.044) were found in patients with RRMS. No significant difference of FA and MD values was found in mcp between
patients with RRMS and controls (P >0.05). None of the MD or FA values in fiber tracts of the brainstem in patients with RRMS
was correlated with brain parenchymal fraction ( BPF) or T2 lesion volume. Conclusion The relevant abnormalities which were
found in normal-appearing white matter fiber tracts of the brainstem in RRMS patients by DTI scanning suggested pathological chan-
ges. It is presumed that the changes may be due to demyelination caused by hiding lesions.

[ Key words] Multiple sclerosis, relapsing-remitting; Diffusion tensor imaging; Fractional anisotropy; Nerve fibers; Brain stem

GZERREKRENBGEEITMERL-ZRE S KRN
BERIEERNRTERTHER

S8 4% &' ,ZEE Chi-Shing” , 22 3t 83" | #3445 SHIROISHI Mark®
(1. M B R —M B EBe 2R, 7LV B5E 330006 ;2. Department of Neuroradiology,
Keck School of Medicine, University of Southern California, Los Angeles, 90033

2 EIEHE I BB R, L 200032)

(# ZE] BH NAHSIRVEERERR (DT & &4 5 k-2 ) 22 VA4 (RRMS ) 8 35 R0 IE 5 00 i 1 BT 2F
YRR, FiE X550 5] RRMS S35 (RRMS 21 ) Bz 25 24 47 1 110 UG Jic fr) e B s B (o MR ) AT LR 44 , 0L
HAL MR EGOR DT BIR o LA P i T E B LR 4l ofE (B B R TR/ Bz i o /N W b o T AV 4L SRR P A0 e 3R 47 4
) BB 4 1) S M A B (FA) FPE IR BUR E(MD) 78 fk, SR HEBRAE®RY RN SF R R G, 24 ANCOVA Py 2243
¥, RRMS 21 % i B BE R/ 7 A B (L. P = 0. 030; R: P =0.020) /N FJEI(L: P =0.030;R: P =0.037) /N I Ji¥
(L:P=0.036;R:P=0.041) WM EZE(L:P=0.014;R: P =0.035) 1y FA {HE% FE4] B B[4, RRMS 41 % f i

[1EEE] K (1980—) , 55 VLPU s % N FEisilit . TRl . 458145 . E-mail: fukingchou@ yahoo. com. cn
[EiEH] UL, /B KRR — MR E B2 1% F 330006, E-mail : honghan_gong@ sina. com
[ B BHEA] 2009-09-25 [1EEIHEA] 2009-11-22



o BE A R H R 2010 4E5E 26 #2455 3 ] Chin J Med Imaging Technol ,2010, Vol 26 ,No 3 - 461 -

/R R (L P =0.004;R.P =0.046) ./

N RRE(L: P =0.047;R. P =0.011) ,

/NI E (L P =0.021;R: P =0.011) |

PO 7 (s P =0.002; R: P =0. 044) ) MD (% A1) G35 . /MGG FF DAY MD {1 5 FA P41 22 53 4 TR 40 2
X(P>0.05), RRMS #i % SLIER I 1 ERETAEH 0 MD % FA (5052 M BPF) T2 ikt AR [ A A

218 RRMS B# R IR KT AL 4ER DT 0575 & B, 4871 LR 41 2 A 7 ol 22

ikt BN BERE IS AR
[xegir]
[hE4HEE] R774.51; R445.2 [ XEEERIDEL] A

% kAL ( multiple sclerosis, MS) & ¥i 1F & i (3 5
NAWM ) 248 & 0 T2WI F1
(8%) FLATR $94 s 1E 5 09I (5T A 306 A sl 7 R G A
A UESE , MS £ 35 2 I I 5 i 1 5 o A7 A ROV A% , B 97 i
JR AN A R O S R A . AR W
ki %1% (diffusion tensor imaging, DTI) B J7 KA 5% , tHiF 5L
T MS FIIEH MK A AR R E S . HATCT MS %
FEPIEH W T A LT 2SR DTL SR 30 . AHfF 98 R
FE SRR B R B XS 5 -G i ) 22 R PE A AL (relapsing-
remitting multiple sclerosis, RRMS) & 3 ixi 1 32 % [l £ 4k o
HEAT DT g A, 000 2 B 1E 6 040 i 1 1 T 21 48 R 2 75 7
FERRRE PR3 , I 58 7 B /R HL R 2L (mean diffusivity, MD)
T By 45 18] T 43 88 (fractional anisotropy , FA) 55 il S i 4345
(brain parenchymal fraction, BPF) T2 Jjgkl: 25 FR I AH =M

1 ARSI

L1 —fgwert  WiesE 2008 4 1 5 —2009 4 7 F 11 il R A
219 RRMS &35 50 5l (RRMS &) , Hed 53 17 #9, 4 33 43l , 4F
18 ~64 % S (44.1 £8.7) % JRHE 0.3 ~16. 7 4F | 31y

(normal-appearing white matter,

mcp cpt/cst

me cpticst

//‘“"
pct ﬂ
> /‘(
scp

D)

L RMEREAL, , S K - AR T 5 R A 5 4 1 S A 2
[XEHS]

, PRI g 78 ] B S ey v s b

AR BT
1003-3289(2010)03-0460-04

(7.8 £3.5) 4, RRMS A I b5 ifE: 4K 45 McDonald 2 7 45
P ELPT A RRSS H% 0 MR 6 Wl T 1 5 2 B0 IE %
T3 MR ICAE S MR DG C A £ B A5 S 25 44 S X IR, v
B84, L 17T 4 iFH 18 ~64 % F-14(44.2+8.8) %, T fy
TF 5 X5 G 49 0 1077 0 Bl B3 28 T 52 14 /0 I e 1 P 72
R [ RT3 W WL 5 MR 4348 &2 DI,

1.2 X285k KA GE 3.0T Signa Echo speed f53LE4
A, 8 JH I Sk ML P, B B 37508 O 40 mT/m, 66 JBE D) 48 <y
150 mT/(m - ms) , H MATHEALIE AL A 2 135 (spin echo,
SE) F£%1) TIWI (TR 600 ms, TE 10 ms) ,T2WI ( TR 3000 ms,
TE 30 ms/122 ms) f T2-FLAIR (TR 8800 ms, TE 30 ms/158
ms) o FFESEHF 256 X256 ,FOV 240 mm x 240 mm, )25
5 mm, HHLAE % 0. 3 mmol/kg M4BT i i ki3 4 Gd-DT-
PA FTHE R4 o DT A ikt B2 € 171 36 P 91 - T (1] 9
4% ( pulsed gradient spin echo-echo planar imaging, PGSE-
EPL) . 3240 TR 2000 ms, TE 74 ms, i [§ 256 x 256 , FOV
240 mm x 240 mm, 25 5 mm, b {HH1000 s/mm’ 15 FREL
U B T 1)

1EJ

B1 Wt EZEARSYER DI A D NAASRZE 2D R EHIGE; B.C KX EF 735105 A D XL JZ 1 # MD (5 FA &, 2L G IE R R A
LPYE ROT AL E (cept/est: R BUHBEHL/ K BT B 5 icp « /NI B s mop < /N 7B s sep < /NS BT ml s AR 3% 5 pet: I 28 LT 4E50)



- 462 - o BE AR B R 2010 4E5F 26 #2545 3 ] Chin J Med Imaging Technol ,2010, Vol 26 ,No 3

1.3 EM&JE b B R R 4 B
L3.1 EGE 3 K DTL E Efepniill i DTL [ tn 44 8
id GE Advantage Windows 4. 1 TAEuE47 )5 AL BRAN & B 40 #T
TEHL MD 1 FA /2% DTI g &6 bR, TERCEARTE (L& BE S
THARAT MD BRI FA [, MD S22 B2 21N 7K 73 F R HiGE 3
REJI AR bR , H B 2R 7K 4T VR EORe 1 i K/, 91 I8 77 )
PEo FA BT 0 (45 Il [A] PR R D) A 1 (TCRR A 1] %) Z 1],
KWK SrFiz s g5 a M, 7T FRR S 4E sl N A 25 4 HES ]
A — P MSEEE P, MD A FA (3R A =5050h -

MD=(A, +A, +1;)/3

A /(A, =A2)" + (h = A) "+ (A =)
2(A, +A, +Ay)

Hora,(i=1,2,3) Rugikit D BANEE,

TG LR B FR I H B T 1 B AR 4 R 246/
RN R el AN il N 5 N 2 A S s R L
TR, PHEILHERX (regions of interest, ROT) it B 7F _4E VR HEL
TR UG L, RIB R FA {EF MD {E (& 1)

1.3.2 BPF Al T2 gkt 25BN BPF 2l A R 56
5 I WL (cerebrospinal fluid, CSF) 78 PN #Y 4 i 78 B LE, B
BPF = il 52 B 25 8/ (il 52 51 + CSF) 788, BPF J@ il > A3 83t
BBy EBAR$AS , i3 GE Advantage Windows 4. 1 T.
{Eul volume view BFF-353%] . 5¢ i BI{ESE (2% Anderson
VM f97585)) 3R 45 T2WI; T2 figkk A BLE S volume view Fcff:
A B B B R SE

L4 SEit45r8r WA SPSS 13.0 SEit 3 47 8040 0 9 o
HEBR A% 501 4 R 52 ma I, >R FH ANCOVA Py 22 73 Bk
5 P 2L T ki = = 2 1 BT 2 5 DM Rz FA (B Y 22 S0, (]
Pearson fHCArHrk 4 B RRMS f8 2 30 0E 8 ik T 11 51 £F 4k
DM {H J¢ FA {E 5 BPF T2 Jigkt 5 B Z M M AH G 1, P <
0.05 hEFAG I L,

2 #R

2.1 RRMS 4 55F 18 20 o+ 32 28 11 0 2F 4 R FA {H L%
RRMS 21 J 3% Bz Jo A R/ e SR ol (e . F = 4. 887 ,P =
0.030; 4. F =5.693, P =0.020) /N F B0 (ZEflf. F =
4.892 P =0.030; 45fl]:F =4.537,P =0.037) /i 8 ( Z2
. F=4.588,P=0.036;4:.F =4.349 P =0.041) Pyl -
% (ZEf.F=6.357,P=0.014; 47/ . F =4.59,P =0.035) FA
(BT REZH W S R AT, 22 5 e v 2 S /NI w0 22l < F
=0.161,P=0.69; 4. F =0.584,P =0.447) FA {5 %} 1§
AL, EZR TG FE L (E2).

2.2 RRMS 4 5% B 20 i T 32 1 BT 2F 4 o MD {8 L #%
RRMS 21 f8 35 5z Jot 4 B o/ B S i #r o (22 F = 8.94, P =
0.004; 4 {lj: F =4.137,P =0.046) /N F I (M F =
4.065, P=0.047 ;4] : F =6.874,P =0.011) /M F (22
. F=557,P=0.021;4f.F =6.733,P =0.011) . Nl I
F(LEM:F =10.18,P =0.002; 47 {l]: F =4.218,P =0.044)
MD {f 55065 B2 I S 14 57, 22 AT e 24 S /N R I (A2
. F=0.518,P =0.474 ;45 . F =0. 351 ,P =0. 556 ) MD {H 5
TR LA, 2 R TG E (K 3) .

0.7 *
06 |- * * [ % *x *

0.5
0.4 +

FA &

03+ » IE BN AN EE ® RRMS 4
02 O et HE 2

0:1

< N v 3 v
\\o”} ‘\C'Q -\oQQ. @OQ oQQ~ c_,(’Q equ- ‘&

QQOQ N N @

[9)

B2 RRMS Z41A0% BRALIK T E 2 TR 4R FA fH L4
(cpt/cst: B JBUF B/ K2 SRS B 5 iep « /NG T A0 5 mep < /)N i
P sep s NI L B ml I FE B R A Ly 2 = o P
<0.05)

g

£

;i m RRMS 4
a O R
=

B3 RRMS 41 1% B4 i 2% 1 BR2F 4 MD i He

(cpt/ost: % B BEAL/ B BT IR 5 iep : /N B mep : /1N
U s sep s NI E AT ml: AOU 2R s R A s Lo 26, = 2 P
<0.05)

2.3 RRMS BERIIEFE T H L 4K MD {5 X% FA {55
BPF T2 Jpgkk 2R AH 6 RRMS g5 % e 30 0E % ki T 3
2458 MD {5 \FA {54515 BPF(0. 851 +0. 0387,y .0. 76
~0.916) . T2 %5 k& B[ (24.0920 = 14.8438) mm’, i [l :
2.13 ~55.92 mm’ ] Z A B TCHIEME(FK 1) .
3 it

DTT 02 B A5 7 SOUR A T s B 2 22 D 7K 40 F- 3 B 13
O A5, R 2R EGH B () MDA FTZH 2N R
JrIAY FA {82 DTTI&E b R4 FR

MS 35 AT UL kR MD (B Kz FA {556 HR 20 43 1) 2 1
Sy T v R AR LS 2R (L MS T L kAR 52 4 i
B RS NAWM RO A o8 B i Z B . A
W77 it DT E 7 PR SEIE 52 78 NAWM ot DTI g 45
FRAETEZE L Tkt B9 224K 17 Roosendaal %5 (i F 5 3¢ W 78
MS B F B NAWM 17 76 X3 ol 28 09 AR 38 5 e, 427 ml X
NAWM 3474401 B9 B 5 BRI 5T I AS 58 0 K7 Ja 35 14 s 41
Y R AEAE B A 05 L R R



T E B2 S AR AR 2010 455 26 #2453 I

Chin J Med Imaging Technol ,2010, Vol 26 ,No 3

- 463 -

i sy N AN LRk < i %1 MD{H N FA {5 BPF T2 gkl B2 18] A AH G
t ; Ho A i =
E’JE%@%,,\W SN N i - ‘ MD i i ‘ \ FA {f ‘ \
1 ST Aot L T4 8 7 2 L B 5 BPF IAIEHE 5 T2 ARONDAE 5 BPF IRIGPE 5 T2 kAR
it 24 LU vop e g cpUestl r=0.179,P=0.214  r=0.038,P=0.802  r=0.219,P=0.127 r= -0.148,P=0.327
R, 18 DTL A, i 1 et cp/estR r=0.234,P=0.101 r=0.234,P=0.106  r=0.159,P=0.269 r= —0.248,P =0.082
Aol F ARG /NI RN i o icpL. r=-0.061,P=0.732 r=0.122,P=0.490 r=0.043,P=0.808 r= —0.142,P=0.422
SN B S - icpR r=-0.045,P=0.799 r= -0.147,P=0.423 r= -0.062,P=0.724 r=0.060,P =0. 743
J\HWFE“H‘%Eﬁmﬁ/ﬁﬁﬂfﬁﬁ mepl. r=0.089,P=0.539 r=-0.117,P=0.420 r= -0.203,P=0.158 r=0.036,P =0.802
A EZR o MBS mepR  r=0.098,P=0.500 r=-0.229,P=0.109 r=0.004,P=0.979  r=0.123,P =0.393
- . Sy scp. r=0.002,P=0.001 r=-0.265,P=0.072 r=-0.115,P=0.426 r=0.032,P=0.829
BIFFETT B B B B TS i AL scpR - r=0.116,P=0.423 r=-0.193,P=0.194 r=-0.214,P=0.135 r= —0.077,P =0. 609
FA {H (% :0.501 +0. 026, % :0. 493 mlL r=-0.092,P=0.527 r=-0.049,P=0.736 r=-0.016,P=0.910 r= —0.160,P =0.266
mR  r=-0.216,P=0.133 r=-0.158,P=0.272 r= -0.031,P=0.831 r= -0.154,P =0.286

+£0.024; 1. 0.500 £ 0.031, 5

1 :0. 494 +0. 024 ) J& Pk B A 51 2
5t RRMS f 3% 57 FUA B FA H%
X HB T G ARG . AR5 4 ROT 3 MR - 32 388 19 R 2F 4
g DTI 5 B ARHEAT UL , % B RRMS 4 88 % % B iE % i T
PR LT 44k 75 0 B 2H FU A%, A MID {8 25 A LR AR e 3,
e U Bz S BT/ Bz SRR SR /IR D /DN B P )
R4 MD {H (P 37 <0.05) F1 FA {E (P ¥ <0.05)
L] 25 5 G2 7 5L, 5 SCHR AR i 4 R — B e
JECEAL, TIT B A3 T T 20 SR B A B MR TG K
B IR L, B R BERS I 2R A W, il TR 4 R i
RS LAk R A G A M BB, [, AS BF 5 % B RRMS
2 EB 5 XU/ N e B A MD R FA B80S (85 06 R 4
AR, 22 RGP >0.05) 5 7T AE -5 /MW b T 4 o
XS 13T HA LT 2k 5 SR 5 2 450

STF MS BB, I3 45 10 3 i 2V 3R, S B s ok,
CAMITE KL MS B H EBEM KA TREL R 0.5 ~
0.8% . TS24 KON I ZE 40 10 B8 bR, 5 % J7 3l
SIS BB RIS B YA L T2 R AT e
FiE 1 2 W A8 R 0 94 4 A R A 5 W IR 9 R BE L AR BF ST P
RRMS (5 FBUIE# MO T 1 LT 4 5 DM % FA 55
G 2 54 T2 5k 28 AR 2 T 2 T AR DG HE (P > 0.05) , 75
i T2T 20 B 59 Gk 0L B ok O A ol T G 4 1 5 4
() FEAL MS Skt | 46 9 I B, 3T — 25 28 W i 1 5 % 1
T2 SR 5 B A /IR e S DT s bl i 2 8
JEPR 5 AR RS AR TR] el A 3 R S R R 52
DT 5 F R 2K 0013 6 2F 24 e 10 ol 2 , 2 B s M e,
Hoft ATt — ARV

RBFFEA L2 hb : DABFF L% RRMS 8%, 54516 7T e
AIE T HABZEA MS f35 3 QREAKA G/, 1] RE /N v
FEIZFAERE DT 075 55 % B2 P e S JE e 24 78 LR D D)
AN TLF AR DTT G F bR PRI RETT M AR ST

B2, DTL A RRMS 5% 3 BLIE 5 I T 1 B 2F 4 ot
AL T B, RRMS B3 BRI I T 11 5 2T 2k sk A7
TE OV | HR 5 7 T Ay Jr 30 e B e e 5 380 B A
% IR

s L. 2]

[ &% 30Hk]

THEIK, I, R F, 55 R 2 R A B PR IIE
RIS DTL RS, AR EREATR, 2006, 86(18) : 1260-1264.

(1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

TE s opt/cst: B¢ BUABETR/ i ST s iep : /NI T 60 s mep /NS A A0 sep /NI BB ml s I B2 385 R A

McDonald WI, Compston A, Edan G, et al. Recommended diagnostic
criteria for multiple sclerosis: guidelines from the international panel on
the diagnosis of multiple sclerosis. Ann Neurol, 2001,50(1):121-127.
Anderson VM, Fox NC, Miller DH. Magnetic resonance imaging meas-
ures of brain atrophy in multiple sclerosis. ] Magn Reson Imaging,
2006, 23(5) : 605-618.
Rovaris M, Filippi M, Calori G, et al. Intra-observer reproducibility in
measuring new putative MR markers of demyelination and axonal loss in
multiple sclerosis: a comparison with conventional T2-weighted images.
J Neurol, 1997,244(4):266-270.
Assaf Y, Pasternak O. Diffusion tensor imaging ( DTI) -based white
matter mapping in brain research: a review. J Mol Neurosci, 2008, 34
(1):51-61.
Fox RJ. Picturing multiple sclerosis: conventional and diffusion tensor
imaging. Semin Neurol, 2008, 28(4) : 453-466.
Filippi M, Cercignani M, Inglese M, et al. Diffusion tensor magnetic
resonance imaging in multiple sclerosis. Neurology, 2001, 56 (3):
304-311.
THIK, ZE L, R AR, 55 BRI 2 e PERE AL 3 I AE 6 i 11
5t DTI 5T ST 27 52 2%, 2005, 20( 12) : 1039-1042.
Roosendaal SD, Geurts JJG, Vrenken H, et al. Regional DTI differences
in multiple sclerosis patients. Neurolmage, 2009,44(4):1397-1403.
AR, IMEA L, A, S I T TR A A S R Ak e R
M. E BE a2 3R, 2002, 18(8) : 749-751.
I, TR, 283C, 55 2 R MEREAL X BUR B8 A 5 Bk i 4F
FEFRARE BEBTSE. FPAERUN 224K, 2006, 40(11) : 1125-1128.
Reich DS, Zackowski KM, Gordon-Lipkin EM, et al. Corticospinal
tract abnormalities are associated with weakness in multiple sclerosis.
AJNR Am J Neuroradiol, 2008,29(2):333-339.
Reich DS, Smith SA, Jones CK, et al. Quantitative characterization
of the corticospinal tract at 3T. AJNR Am J Neuroradiol, 2006, 27
(10):2168-2178.
Nucifora P, Verma R, Lee SK, et al. Diffusion-tensor MR imaging
and tractography: exploring brain microstructure and connectivity. Ra-
diology, 2007,245(2):367-384.
Korteweg T, Rovaris M, Neacsu V, et al. Can rate of brain atrophy in
multiple sclerosis be explained by clinical and MRI characteristics?

Multiple Sclerosis, 2009, 15(4):465471.



