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Optimization of the Scanning Protocol for Diffusion Tensor Imaging of Head
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[ Abstract |

head. Methods Diffusion tensor imaging of the head was performed in 20 healthy adult volunteers. Different parameters in-

Objective To search for the reasonable scanning protocol for diffusion tensor imaging in the clinical study of the

cluding slice thickness,b value and the number of the diffusion sensitive gradient direction were applied and their impaction
on the quality of the images were compared. Results Slice thickness had the greatest impaction on the signal noise ratio of
the images. Scans with higher b value revealed better contrast between gray matter and white matter in ADC map, but noise
in FA map became greater. The more the number of the direction was,the greater the SNR was, but the longer the scanning

time was. Conclusion Scanning with thickness of 3mm,b value 1000 s/mm?* and 25 directions is the reasonable protocol in

the clinical study of white matter.

[Key words] Diffusion tensor imaging; Magnetic resonance imaging; Scan protocol; White matter

P Hlsk & 2 (diffusion tensor imaging, DTD J& £ 3 HL
TR R AG A il b e ok i G L R BT B R L B TR
PR S F 109 9 HORePE 38 7T S8 TSR S b B R AT &
4L U4 (tractography)  WeBOR T W W TH I IR . A< 5%
SRR DTIAMEP RS R E W R R,
1 MH5FE
1.1 WFgExt g BEHLAMEL 24 45 BUAF Ml AR IE 5 AR 0% 20~31
& F¥) 25.3 8,55 16 £ .20 8 A4 YT A& FR G0 BH P AE AR K
WAL, B AR IR A R WL R 5 . PR RN =4,
a8 A
1.2 FAHi7E: W GE Signa 1.5 T twinspeed 3 4R{L, 5
Sk IE AT LR B, B M MR P51 4h . 24 44 W A AT Sk 38 %5
ALy Hok &g . 332480 TR/TE 8000 ms /70. 9 ms, #i
M 128128 . NEX =2, S & 4 % J5 [a] R/L.FOV 24 cm, L
RESPHAAELHZIAF B E AL, DTI AR ZE S5 a
15 JZ R /SR [ (mm) 3 B2 558 5 (b {ED (s/mm®) K4 #L

[EZE®MA] HILE1962—), B Wb AW+, FAEBER,
[WFBH] 2003-07-12

TR B T ) B, B R/ R MR 4 BB 6 mm/1 mm, 3
mm/1 mm.2 mm/0;b fH 735 #EH 500,1000,2000 s/mm”;
PR B M A4 AR 6 A4S 13 4,25 A, S S
MENAARWHAMSHE . F -HBEEZNE4) b E
(1000 s/mm*) K& J7 (13 4 [E 2 , A )2 8 /)2 B 5 255 —
2H (b {H4D) )2 E)Z B M (6 mm/1 mm) K& J7 17 % (13 4>) &
LR b E 8 = O M4 b {H (1000 s/mm®) K2R
JZEEE (6 mm/1 mm) [EE . e 2 T 1 8, HEE 2507
BOA L6 ADJTIMFERT 143 52 B, 13 D51 3 43 44 #,25 4
Tl 6 43 56 A

L3RBT ABERTSEM R A9 H ML MRT R B 2 447K
R R E N IER . BiiE 4 Sun, ADW 4. 0 TAES 5 &b
LA O @9 3K B B . FA (fractional anisotropy , #4345 [
FMOE & ADC Capparent diffusion coefficient, & M ¥ L &
BOB . FA B ADC B AR B A RR B MER NS
M AE, HRE /N BB R e e g o B,
B OY BRI FA B/ T B (0. ) YRR R B 68
FA H T4 T {8 1Y 4 R W7 A0 3= 0 1) 4 19 306, - T
e A EAT I (XD WoR mLL . FREAT R CY Rl R S gt



e 1434 - i BE 2 AR AR 2003 4E58 19 %% 11 8] Chin ] Med Imaging Technol, 2003, Vol 19,No 11

1 TR 2R/ J2 ) HE G R £ 47 HO0K it PR S RS2 A b {634 1000 s/mm? , J5 [ 404y 13 A4, )2 /2 I #E 43 9124 6 mm/1 mm .3 mm/
1 mm.2 mm/0 2 AT b EX FA FIEGREEREE  JZE/JZEE 2 6mm/Tmm, J7 @542 13 4>, b B2 5128 500 s/mm? .

1000 s/mm?,2000 s/mm?

B3 AR b X ADC FAE W . JZE/JZEEEE N 6mm/1mm, J5 [ 83495 13 4. b {EH5 %14 500 s/mm? |

1000 s/mm?,2000 s/mm?* B4 AR5 B ER B R 2R/ 2RSS 6 mm/1 mm,b E¥H 1000 s/mm?, J7 1 £053 5k

6 4~ 13 4~.25 4~

o, FH T AT Z D B8R g6, hTRAT ek
HE K FA BEAG MK AT, EZRHAXPER,
P EAg R (Ot 144 ) 0 h— T = 3 4% % . — %
T > R ES HARE RN %G B REw &, —aE s
MR L R IR O RGS B AR R E . R
T EMR S KRR Z SO E 5 B A 4L % BoR RS
H. SANEBARRA#K S S B FA {6 & ADC {50 i 45
TR 210, b N 3 5 B R R A B ) e i 1 0
.

2 R

2.1 RE/ZREEH M SHOF BRI E 0 52 i f ok (R
D, ZEGE, ZREBR, & RE R NER K, L
FA BIfim2Z S HE MR TR AP Bk a R, D2E 2 mm,
TG B B R AR AR MR AR 25, = ERE 12 &R )2 B

HOZE/ZH 6 mm/1 mm) Fr /5 B %5 8 i B 5. FA
R A BT Le (B 1) A — 323038 AN () J2 J2 49 4, AH B 3
7By FA {HE ADC 185 T W] 25 5 .

2.2 bfHA  WASEEUREME LS /NFE D, bE
=500 s/mm® BIEE L b {5 =2000 s/mm?® B RIS A5ME es ,
DL FA F RN E (F 2),b =2000 s/mm* i}, FA [
FEJRIR BT T WL AR LM 7 . WA, b (R, — OCR4E A
VFE B Eo . [l —2ZCE AT b EEH, & b A
AR A A EB AL FA H & ADC {352 B i 7 5 b fH =500 s/
mm’® X b {A=1000 s/mm* B, K IR W4 i A R JL#ER ADC
P& LT TE K 1 % 1L T b 1B =2000 s/mm?® I AT W4 B &
R X, KB ADC H B B T E B (& 3,

2.3 ¥IBUUREE B DT Al O m BUB £, A ORI A TR H
R L6 N5 ) A 13 AT ) B R FELAE M Le T DL B W 22 S T



oy [ B 22 AR R 2003 4E45 19 %5 11 ] Chin J Med Imaging Technol, 2003, Vol 19,No 11 o 1435 -

25 N J7 I E M A 13 AN D7 IR A G (B O . R
M A R A 6 AN DY mARRT 143 52 #2, 13 A7 M AR
34y 44 B, 25 NI FERT 6 4 56 B, [l — 2 AR
B AR AL FAES ADCETH B 25 .

® 1 EURBUR D POT 4
JZ V8 K2 [ B 2H b {H41 I AU 7 1) 2
6/1 3/1 2/0 500 1000 2000 6 13 25

R

—2 12 7 0 13 12 9 8 12 14
- 4 6 4 3 4 7 7 4 2
=% 0 3 12 0 0 0 1 0 0
At 48 48 48

3 Wit

3.1 PR G AR A S BN I % B 2 (B Y 5 )

3.1.1 RRKJZREE 5% RS IR AR 2L, B2 R
JEZ R R AR R L R AR (F R b 22 . (1
RIS R SRS AAER A PR R K, A5 HE T 2 (A2 4 A A
IOF B4 MR AR R R R MR . TR R X2 AR
R B L ASHTE 9 BT RE S A% 1 5 4N 2T 4 S b i PN E AT 0 Bl R
ZooT o AR A R ME . OSBRI S B N AT PSR T L A
BB W, RATARZEXZZEE 6 mm/1 mm
5% 3 mm/1 mm BN GE 5 CIRIE S AR,

3.1.2 b DTI MBS H. Fom i B B6 B B3 0 i ]
R AR, A A BERE . b (B 15 5 B IO A, 15 e LUt
2 AR BT H b (AR, R H B B AR . il
PRAEF T IR H 200 DTT i 8 2 AR A b {A (1000 s/mm’
A, K b E0~1000 s/mm?) 3= 2 W52 7% 1 4 20 4 il e

B OS5 B AR NS = exp (— 2 2)6,D, )

Hr S(h) 1 SC0) 435K ik b A b=0 T ¥ Bl BUsks B
A S-S 0R . & b H (1500 s/mm?) A ML 3] 5 18 5 1

PGES A S0 = Laexp (25 D35,

i=1 j=1

+ fwexp (0 D00, D) Hivh £, F1 43 B4R 318 %

BRI PR D 10T (5 25 B B, FER AR S0 ey s B
BB 60 %04 18P B VAR S 30% 4.
T TR B A S 2 1 18 T O 4, 3 b (B T K
i ADC {55, ADC EIXF 3. A& SCIAH b f =1000 s/
mm’ B HRE SR, FEHEINT . OZHF RN R 4%
DTI#FFE R H b {H=1000 s/mm’"" , EIR A5 W b e X B i
W, @ % TIHL 0 b DTI W80 8 W b E
i ADC FER7 ik 2 3000 H AR ML G ok 78 2T 4, 45 R

PR i R AT — A PRI HE (T RE S I B IR 0 S A ) O
b XS AR 5 G0 11 AR SR 8K e o T i N 1 3 V) e A
(EPET 20 mT/m) A% K.
3.1.3 A AU MR {0 B 8US8 B 3 7 m 4K
HERETL IR R 6~55 A, i ACHEEE . 6 A mAl 13 A0 i
ZRE M LT UUB 225 S L T 25 A7 A5 MR L 13 T 1)
BIRSA S IF AN . R, O B0 £, B R T A,
SyAN I B £ AR I R U BRI £ BURB = R B < O
3+ 1 A 13 A7 ER 18 2. s B 5k 252 3) ,
1 5 R 2 SR ALNAE . SO MR R BN 25 A LR
3.2 DTIHI MM 454 LR M2 Bk £ 5, T i
MW ERFEEMN DTILHM TR, B E . 2E/ZH
3 mm/1 mm.b {H =1000 s/mm?* .4 B J7 H 25
A DL T7 5o 28 WA R PR M L A s 338 D 01 9 M 19 5 1 4 1k
GEAE, — M N AT 75 5 O R R E/ZHEE 6 mm/1
mm.b fA=1000 s/mm* . EUHUBRBE 13 4, R R
B () 5 0, 9 9 7 6 Y PR A K, 8 LB RIS RE L A 19 2R
EAE TESET R

ARSI R FH R A BE R R T K e AR R
BEMER TR, WY Bk E R ERRA T Z N AT T
BRI SR

[ 5% ik ]

[1]  Neil JJ, Shiran SI, McKinstry RC, et al. Normal brain in human
newborns: Apparent diffusion coefficient and diffusion anisotropy
measured by using diffusion tensor MR imaging[]]. Radiology,
1998,209(1) :57-66.

[2] Huppi PS,Maier SE,Peled S, et al. Microstructural development of
human newborn cerebral white matter assessed in vivo by diffusion
tensor magnetic resonance imaging[ J]. Pediatr Res,1998,44(4) .
584-590.

[3] Mukherjee P, Miller JH, Shimony JS, et al. Normal brain matura-
tion during childhood: Developmental trends characterized with
diffusion-tensor MR imaging [ ] ]. Radiology, 2001, 221 (2) : 349-
358.

[4] Clark CA, Hedehus M, Moseley ME. In vivo mapping of the fast
and slow diffusion tensors in human brain[ ] ]. Magn Reson Med,
2002,47(4) :623-628.

[5] Yoshiura T,Wu O,Zaheer A,et al. Highly diffusion-sensitized MRI
of brain: Dissociation of gray and white matter[ J]. Magn Reson

Med,2001,45(5) : 734-740.



