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PR IG FH D 7= 8 D g-space imaging : fil q fHO#HH

EoEs SRR A
NBC Y, R E 2L
WS,

WoOIE M fE ok — A3
wARMET Y, HELFREL
R K e

MER B R A BR AT B NER SR BE AR 2 B Sl I R PR -l

SEOR R ORI HER - DF SEFH

74y AV PR AV v N/

SRR AR R T eI A RS

FL&®IC

g-space imaging (QSI) (%, 1991 4 Calla-
ghan | & % ML OMEE A 1 = 27 AfgHT D
WMEVDDBY, e BAERIEHOWIESHE
INTW5HDI, QSIiL, 4 (4 :motion prob-
ing gradient (MPG) Ofdlf@) & 6 (6: MPG O
FIINEERE) ARz 2@ O gl &, £TFRo
MPG i & % IBoRs G = AT, 3R A5
i % IR IRER I 313 % K3 T O & % 5
L, BB XU THAFED—-DOTH
BHY.

QS I\ T q 22 & IR K AZENL &
RG & LI BZERIARL THY, qEiZIo
qQZERIC BT BPWERAR7 FIVDOKRESHFKL T
W5, qfiid, q=yGo/2n (y : WA EEH
G : MPG OB ARL) TERIN, ILHERHA
EGRICHCHN% bE : b=9y2G25? (4-6/3)
ICB5- BN A= pOLHEBETHS. &
72, QfEOBEB I T %Ky F OB % FE
+.ERKHEE T, yERTH Y qfEld G
L OITKRFT 5.

JHORF RO T—HWICHVYWb N A
Stejskal-Tanner @ sequence F v — | % Fig.
112/"99. Stejskal-Tanner i3, AV T

O—ED 180/ ADHTHKICFH LA E XD
MPG %# R UK 54 D ThH 5. H5q
ETHE SN2 4 B LUIREBZE M R DR
EP (R 4) &, FE5HEE, (¢, R) OBk
BRATRINS.

Es(q, R) =P(R, 4)exp(i2nqR)
T/, R BNVEEKOREFEEMHE Es (g, R)

%, SEIFELRICKBTLEFTEEDETIC
EBHDTUTOESICTERENS.

Ea(q) =fP(R, A4)exp(i2nqR)dR

g-space fE#TIZ, BEHD q HDE 5 Ea(q)
EREL 77—V IAWT S LT, WREES
filh#¢ (probability density function: PDF)
%R, PDF O¥Afflgs 6HH S5 mean

Fig. 1. Stejskal-Tanner SE sequence

*—T)— kK QSI, g-value, probability density function
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original attenuation curve

1 b

08 - Fourier transform

Probability Density Function

Probability(%)

0 ;0 100 -300 -100 100 300
q-value (mm-1) displacement (um)
Fig. 2. Original attenuation curve and Proba-
bility Density Function
Fourier transformation of original attenuation
curve, results a probability density function

Mean Displacement Max Probability

a b

Fig. 3. Images which can be calculated from g-
space analysis

a) Half width at half maximum of PDF

b) Ratio of the spins which stable in voxel

displacement %° "— 7l T % max probabili-
ty % B\ Cakiid 5495, (Figs. 2, 3) QSI f#
i W TEmWaEE TIRBE T vk,
Ea(q) OB &kEM5 C &K 5
WS P THU 6N PDFICTHE 0D 7 —F
777 FRELUBIEICRENEL H7-05
W ETOMEPLEIC LS. Tz, KD
Bo qEORER, REFRBEOLERZ /2L
FEIRE A 7 ) I & 750 5 728 q HDOFE
FEHEE L A.

Ak 2 1%, QSIEFIKIGH O 72 I RG]
T ERE L 7o) o R E A RE L 72 D Tk
EHT5.

MRELVHE

ER#EHE, 3.0T MRI (Achieva, Philips
Healthcare, Best, the Netherlands) T, 8ch
Head coil # i\ 7z. QSI 5 — &% OEHTICIE
2003 4£ L v diffusion tensor imaging fi# #1 f
Freeware & L TH KL CTWw5 ATV IC, £k
% bfE (qfE) OATIE QSIfEHTZBIML 72
dTVI. FZR (LUK SFEE S b I v e S i
FHER R - BT =) RV, &G
F18DORT VT 47 (325%), WIRSEMHT
X EER F 3T-MRIL IC TR 0 L 75 5 *#F
C, SE I EPI %\ TR/TE : 8000/96 ms,
FOV : 256 x 256 mm, matrix: 64 x64, thick-
ness:4mm, gap:0mm, slice:20#, voxel
size: 4x4x4mm, A/d:47.3/37.8ms, MPG
encoding : 6, b{E (s/mm?):0, 16, 67, 150,
267, 417, 600, 820, 1065, 1350, 1665, 2020,
2400, 2820, 3270, 3750, 4270, 4820, 5400,
6020, 6660, 7350, 8070, 8820, 9600, 10420,
11250, 12150, 13060, 14020, 15000 |Z3%E L
7z.

QSI ¥ — 2 OB, qfe L TO~
104.64 mm~! OHiF T, %FEE]B— AN ATy
FAI R/ qEICHIET A bEZHEL Tk
Ba17 - 72, QSIITICIY, Wi T — X &4
THWET—=%ty &, W< OhDqfi
F=2EHEN 12 B0 OTF =2y b, &
BBOOT—=REANT To7c. T—X 1y
FOFEMT, qxE 31 ATy FHERALI Y
M1, £y b 2~5 3 FIC/NqEEZE 2727
W—"7, v F 6~10 (3 ¢ 0 mm~1~104.64
mm~! OEIO AT v T ERRICHL &, v
F1UI~13 3R K qEEZEZ /27 )V —T Th
%. (Tablel) F—x %[5ty FD
PDF % X UF mean displacement, max probabili-
ty 2y, 231 A7y MHLET—% (v b
1) &EfL, HHAT Yy THE (VI b—

201242 21 H5Z# 201246 H 20 HeLGRT
BIRIEERSE  T113-8431 HpUHiSUR X ASS 3-1-3
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VaVICAWE QD AT v THAE, £y b1
D31 AT v T TE > i) PMEN D D& R
L, lIRIGHMELZEB qEHOMAG DY A
BT L7, 7eds, BRI nIBR 7 B FiH &
LCE&mEF 10 5 LR &L

% L 7- volume of inerest (VOI) i3
&7 0s/mm? OBE{E T, MEHK (1 B/I
), MR (BE), g (KAaE) uﬁ
ETL7. VOI iZ&MM%F—T2x2x2mm O
voxel %, Hie/AA4 LT &FpOETIc ﬁﬂﬁbf:7
voxel (56 mm?) & L7-. VOI OFEICIE, H
LjfR) ’iﬁlﬁﬁﬁ”bﬁ‘%@ﬁ%ﬁﬁ@a@ﬁ#ﬁk\ﬁEi@Z
ICRER L7z, F/, YI32ab—vaVEfT-
72T NTOT =Xty FOFFE, VOI %=
V—LFA—F2HEL T 5. sHllEIREA

WA IR A 14, FHElEEE 1 [@c
B5.

& R

FRTCOF—ZE ety 1 OKEA
=% (Fig. 4). % ROl OfF ZEFEmMLIL, Ik
HIRILE 2R &% 2 DN SR T,
7 AFNCRIRE 5 OISR L HIRILE 2 7R &%
Z BNBWE T, WESEERIZ T
Z2bNTWh. 7—UIEBRICK > THELN

PDF %, BRDO AT FIVIgHSR<, BEa
WD AR 7 IV IAME R A 7R U BEE #fR &
&7 7.

K& #iW o PDF (Fig. 5) 1%, &/ q{ER
20mm~L, 28 mm-1(zv F4), 38mm1(tv
F5) OF =2ty FIZEWT, 3D O
oL 7z. g 20mm-l Oty M, £
T—X%&MHAL/AEy 10O PDF il
oo Wb qfE 28mmt L 38mm-l DLy
I 4,5 Ti&, PDF TZENMOK = ik (PDF
D) OIRELP Ly B 1 EHNTLKEL
7% V) max probability 75 & <, mean displace-
ment [T/P S FHliS /2. IS, BV qfEE
BWTwabty FTOEBNI L, MEHK
T @ max probability ¥ J {F mean displace-
ment OfEICIE, qfE 80mm~! LI EDOE W q fE
DFREFHVEL TR L. HED
PDF (Fig. 6) i3, qfE 80 mm~! LA E%&BRr\ 7z
oy k11,12, 131286\ T, fEOZEE) 2 CSF
O PDF IZHANRE V. Oy FIZBEWTD
EOZEE R D 575, qfE 80 mm~1 DL A& R
72D ED/PEL T T A,

WRIZ ¥ % PDF (Fig. 7) 1%, &/ qfH
38mm-! (v k5) LU, FIERED AT
FIVaERLTWS. £y F 5, fBoTF—X

Fourier transform

‘e
0000000000000 00390000
0 20 40 60 80 100
g-value (mm-1)

20 40 60 80 100
Displacement t (um)

Fig. 4. Original attenuation curve and Probability Density Function of
CSF, the putamen, and the corpus callosum
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Fig. 5. PDF of CSF

a) PDF of set.2, 3, 4, 5 which excluded data by low q values

b) PDF of set.6, 7, 8, 9,10 which excluded data by q values with equal in-
terval

¢) PDF of set.11, 12, 13 which excluded data by high q values

0045 0045 0.045
0.04 0.04 0.04
0.035 0.035 0.035
0.03 0.03 0.03
0.025 ——t 0.025 —setl 0.025
—set.l
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[ 0 o
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Fig. 6. PDF of the corpus callosum

a) PDF of set.2, 3, 4, 5 which excluded data by low q values

b) PDF of set.6, 7, 8, 9,10 which excluded data by q values with equal in-
terval

¢) PDF of set.11, 12, 13 which excluded data by high q values

v FIZHX max probability 23K L, mean Ry F1OPDFIEBMLTWA. 2y |
displacement A K & W A 7R L 7. 9,10 4 q A ZEMRBICT—2HE5\VWTW5

qQ DT — % FRHFICHs Wity 6, 7, 5| ZEFE2 A < PDF 35 X0 max proba-
7,81, BFHATy THEDEND, £&57—X bility & mean displacement Ol A —ERZEE) L
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Fig. 7. PDF of the Putamen
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Displacement (m)

o
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Displacement (um)
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a) PDF of set.2, 3, 4, 5 which excluded data by low q values
b) PDF of set.6, 7, 8, 9,10 which excluded data by q values with equal in-

terval

¢) PDF of set.11, 12, 13 which excluded data by high q values
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Fig. 8. PDF of characteristic data sets.1, 3, 7, 11

TW5.

4% ROI @ max probability (%, qfEAZALL
TheTr—2FHL/ZEy 1 OFHTHEIC,
{FIER— DA% 7R L 7275, mean displacement
[TRRET 5 q HIT X - THENTE S max proba-
bility DEBIZ N TR E AL TV 5.
(Table 2)

VI3ial—va VICHOWIEEBN T — X
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Table 2. ¢—SPACE Analysis Value

set. 2 set.3 set.4 set.5 set.6 set.7 set.8 set.9 set.10 set.11 set.12 set. 13

set. 1

corpus
callosum

max probability
(%)

Putamen

38.71
+1.82

+1.94

38.33

38.02
+2.19

35.47  32.20 34.44
+295 £1.91 +£2.98

36.72
+3.62

36.29
+2.32

22.70
+0.53

29.81
+1.27

36.35
+2.74

37.11
+2.85

+2.58

37.98

CSF

FEIRIGH D 7-6> 0 QSI @ il q DR,

corpus
callosum

mean displacement

(um)

13.48 1364 13.21 1349 13.67 13.30 13.27 1297 12.74 13.82 14.39 14.60
+0.82 +0.56 +1.01 +058 =+045 =+£081 =*£083 =+0.83 =+0.84 =+0.66 =+0.34 =+0.33

13.85
+0.43

Putamen

% £

SROBF?L, KW qlORBE T —X
Ty Mz 5 &1, HIREHEE, JEHIR
PRI S BICERETHLZ 087, FF
iz T-> 72L& THOROLIZEBWT, 77—V I
PARFICIR R B 5 & 7% g il 20 mm ! LA D
F—=RuE 2 A7y 7LUEEE (qE0mm-t i
<) T &k, PDF L@EHEAL Y + 1
DT — ZIEL L 7k &7 - 7= FEHIBR Ik
T T, K q HOBG & B TRl % 17
9 &, max probability 73/ <, mean displace-
ment 28/ < G S NMTRRZE DAL 5.

FIRIEEL D% < T > T B & 2 B AR
ThHHMRT, FICEV qEORBIEET
HY, xRV TFHE % 1T 5 & mean dis-
placement DfEP K ESFHIHINS. H\ qfE
DOFEL, TELLETENMEE THRIGEZITON
DEMICEDL EEZONS. Vv gz
SIZREWHIRIGE A & H 26Nk <7%h, &S
q % BRERICER VT Ay k1L, 12, 1312
“C, mean displacement DEA R 4 1IZ K & < 7%
5.
R AT v THERR 0.5~0.3 E ORI
ICREB | E 2 T 72D, HHAT v FHER
0.8 EDOEH VY I 3,4, 12,13 (K q fEi¥s
FU, BV qEICEA BRI E%21T-
7oy b)) K0ty b1 OBRICELL 7.
CHIZESHEMRICKIT S X qETh
LIOMRAAT v THEPV LS TL qfi%
SRMRICHEIC S Hicky, HECHhiEE S
Oy FFAZERTELILODTHD. TiFs
HEEOKE W qE20mm ! LT q % 2
RUEFRETSHI &L, gl ERRICHS<
CEHRRFARFICITD CEICLD, Zy P 1ICHE
W PDF 5 JUEIMEAE O T 5.

QST DEFIRE AT 33\ THARRFH 23R & 7
L0, AW, qEORET RHEILT S
LI X 0 ERBRE A 10 5L & §5 2 &
BThsb. 5 LHOEFTORBEEZS
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& B LR SN CTH H720, HORE
/N A—%5 2 PDF OREIEAM % & OG0
HThHHEEZS.

ML & LT, QSI Tl 6<d OIS
IFEEMEICEDSL EVWOIMEIND L. Lo
L, BRARH MRI 208 O i KEAES R L1,
R FEORIINE 6 DIEEXRT 5 L
BHEZ\. E 72 b {E 10000 s/mm? LA O
B3 ESEAEN 726, b 0s/mm? @H{f T
ONMEEDLERRETH D, ERHIELO—I
E{RICKRIBDREL S DB - 1272, Sl
BES THHBEABWE R THO I 2iT-> T 5.
O DR, BRI T HRENGEINT WS
CELEREL TN R L. EARIEICE
LT, SHoOBEET 5.

]

RGREZEEB L REICHE VT, qfF 20
mm I UTERE2 A5y TREGA i
FREICLT moqEE TRET A LIS
L0 QD AT v TR EWD 2 & AT hE
T, HIBRLEL - FEHIFRILEAAAK & & PDF 2% q
% 31 A5 v FHEMAL /b OIS A EA
128 - 72 QSI DEFKE AL 5\ TR %
103N F e 58, Ylgko%E TlE, qfd
ZHEBTIU AT v TREORENZETH
5.
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Optimization for q-space Imaging in a Clinical Setting: Setting the g-value

Nozomi HAMASAKI!, Shuji SATO!, Masaaki HORI?,
Issei FUKUNAGAS3, Toru KosakA!, Kazunori ITO!,
Yuriko Suzuki4, Haruyoshi HousHITO!, Yoshitaka MASUTANI®,
Shigeki AOKI?

LDepartment of Radiological Technology, Juntendo University Hospital
3-1-3, Hongo, Bunkyo-ku, Tokyo 113-8431
2Department of Radiology, School of Medicine, Juntendo University
3Department of Health Science, Graduate School of Human Science, Tokyo Metropolitan University
4Philips Electronics Japan, Ltd
5Department of Radiology, Graduate School of Medicine, University of Tokyo

g-space imaging is widely used to evaluate non-Gaussian, restricted diffusional changes of water
molecules. We scanned the brain of a volunteer to evaluate the optimal setting of g-value (number of
g-values) in clinical use, changing the g-value from 0 to 15000 mm~! at intervals of 0.104.64 mm~!in
31 steps. From several steps we selected from the 31, we made 13 data sets that included different
parts of the data. We evaluated the probability density function (PDF), mean displacement, and
maximum probability of the cerebral spinal fluid (CSF), corpus callosum (white matter), and puta-
men (gray matter).

We observed restricted diffusion in the corpus callosum; the data sets containing high g-value steps
showed similar PDF and values as the gold standard (containing whole data steps). In the CSF, the
data sets containing low q-value steps showed similar PDF and quantitative values as the gold stand-
ard. We used these data to propose optimal parameters for the clinical setting.

In conclusion, g-space imaging can be applied clinically when optimal parameters are used.
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