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LT RICAVONTWAEFETHZD, BHOD
on, off »SFHINIMDEETEILEIRE, E
BRD functional MR E{&ROKRFIE S 2L
OWHEAMEZ £ 2 2 L TY, ARIGEELTW
% ISR DREHAIRETH 27, FRICETTD
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i, AEEROEENLFME L THWS Z
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TOEBGRIIRIET 4 VT ) ¥ 7 DITb Tk
V2 128 X128 matrix OEERIZNT LT 16bit THZ
o oS, AL OE R 8 bit ICEHAL TFER
L7z,

a) JREME 16 2D on EiR O FEHEHH S
24 8D off B DO FHIEGR L HMEME L, =5
EHRE2ERL 7. (Fig.l).

b) HAMEELE FIREEERIC XL S KM
ORI 2 AFI R, TMRI I CTEHAIE L5 KK
FEE{LHMREEEEEE L L, ZOZDODEE
DOHHEFEERE# Cxy (7) 8 L UHEFEIRE
R (xy) 2UTORTEREL 29,

Cxy(7) =X (D) y(thz) coremeeereeereaenen. 1)
Rxy(2) = x(Oy(t+ D //xyy?
= Cxy(1)/YCx(0)Cy(0) wevvvrevrenrennen (2)

ZIZT, x (t) BASIEET, &fd on, off
WS ERRICRE L, v (1) 1HUREEET,
Bon/- 40 BERICBIT 287 2N T & ORFHE
FEEfuifie Lz, QX256 Rxy () D
KiazKD, ZTORREEZEL7XVEET S
THAEREE G2 ERL 72 (Fig.2).

c) FWEULE HEMBELE & FEfE, &&
72N Z L ORRINGEEZE & {MRI K
BEEEbHsREERR LTz, 2 OESE( LRz
7—) 2L, FAEBROMEERDY, FiE
EENEE O on, off DFAWE, KOMHMEE—E
T B0 OMEIEE E 7 2 IVE & 5 G2 R
B L7z (Fig.3).

d) tHRE 24 KD off HfR & 16 # D on {5k
D2EWECOVT, FHEZ )V T EIZ two sample
t test (df=38) Z1T\>, t{EHEE, p<0.05,
p<0.01, p<0.001 DX HE B ZIER L7z (Figd).
Eiz, JARXMEOHWT, Bohi: t R
BRI LT 3X3 B2 £)v® median filter 4L
Hx21T- 7. (Fig.5).

Fig.1. Subtraction image of axial fMRI with
left finger tapping. Although activated regions
are visualized as areas of increased signal
intensity in the right primary motor cortex
(M1, double arrow), left premotor area (PMA,
arrow heads) and supplementary motor area
(SMA, single arrow), the high signal intensity
artifact is also seen within and outside the
brain.

Fig.2. Cross-correlation image obtained by
calculating the correlation coefficient of rec-
tangular wave form and original time course
data sets. Note that background noise is
removed.
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Fig.3. Spectral density image at the spectral
peack of 1/240 Hz obtained by Fourier trans-
form of original temporal data sets. Note that
background noise is removed.

W Z o eEEEHEEROEENIED SN, &5
W M1 » 6 EHEEE (PMA), EHlOH
JEEBNE (SMA) OfF 5210 bHERATRETIdd
508, KEGHEES, FAREIRE R UREE RN O
/AR EDRFIFRETH > 7z (Figl).,

A FEBEAL R T, ZEOEER & LT
EBEND /A AR L, H M1 ORE(LHE
B RiFc b sz (Fig2).

PR BULE R T, S5 IZMEEND /A
RIS L7243, 45 M1 OESIFEELE. L
L, ZEHEERSE AR AL E {5 CHERE AT
BEThH o7z, £ Ml 55 PMA, SMA OESIX
THAME & 72> 72 (Fig.3).

t UEALEE SR T, p EEFIRT 21200 T
BAEBEND ) A DR L7228, 45 M1, 72 M1
7 & PMA, il SMA @ § 521t 1%, P <
0.001 OFIEALEEE £ TNz (Figd), L
7L, median filter I & 2 AL OE R T,
BEELDELEL Tw AEBOAIGETH XN,
P<0.001 O TI3A M1 OABEFE LB &
%7z (Figh).
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15 HERET, EROXI R ANEROTRIZD
WTODRENETE o7z, - T, 5% EPI
E EOBEERBHICBWT, kb EEREOHE
REDT = I DWW T OEEILEFRE E UTER
W CE 2 L Bbh b,

PR B k03, M A AE B ALk [RIRR
fMRI B ORERTIE S 2 L% ¥ & U CTHHli 3
3 HET, WORS DD 2 IRE & A, 5
SNAHIEHR & BRI ORIz Bk % 2 & A3
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Fig.4. T-map images thresholded without p value, with p<0.05, p<0.01 and p<0.001
(from left to right). As reducing p value, scattered noise spikes become reduce.

Fig.5. Images of 3%x3 median filtering applied to t-map images in figure 4. These
median filter are effective in eliminating noise peaks of background and in the brain
parenchyma.
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t HRE R W E R T, EHEANCEE
DB 5 EEFHEATRETH D, Hixo ik
EREETHE S NIERT — 5 — DK b E
LTWwad, WSOMDORMBER ZET>NS,
B2, t RENETIE, XS p EORE
WWEoT /AR E e VERSNS D, NEE
£ D HEEEMIK EVHEEIZ & DESH,
I snTsbE 25N (Figda).
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SEAWz 3X3 ¥ 27 2L® median filter TlZ,
EHFEERILOHEEEHFD LS %, NEWK
BB DES bBREIN T B AREERH D,
Z OEGFHM I ZEBELSLETH S (Figh).

&

Bh

(=]

BRE—RICE R L Tw3 1.0T 2E O MRI
HEICBWTH, t RESLEBEBULEZ & OE &
SLER 2 TERREI 12T S 2 & T, RERDESERIC
AT, X0 AR IR EER 25 2 & &30
BETH 5, LL, MEEGOFHEICIZZNZ
M DALHERTR A D EERFE 2R L Tws 2
EDNEETHSE., IheDFEIF, 57%0 MRI
OfEEHRICE> T, XV ERRFHELELTH
WHENDZEDRHARFFEIND, T, BEERICEIL
7z functional MRI OEHR D 72121, MRI 2
V= BB T EGLEOERNEE N5,

X Mk
1) Belliveau JW, Kennedy DN, McKinstry RC, et

I
=

6)

7

9)

10)

al.: Functional mapping of the human visual
cortex by magnetic resonance imaging. Science,
254 : 716-719. 1991.

Menon RS, Ogawa S, Tank DW, et al, : 4 tesla
gradient recalled echo characteristics of photic
stimulation-induced signal changes in the humari
primary visual cortex. Magn Reson Med, 30 :
380-386, 1993.

Lai S, Hopkins AL, Haacke EM, et al. : Identifi-
cation of vascular structures as a major source of
signal contrast in high resolution 2D and 3D
functional activation imaging of the motor cor-
tex at 1.5T : preliminary results. Magn Reson
Med, 30 : 387-392, 1993.

Connelly A, Jacson GD, Frackowiak RSJ, et al. :
Functional mapping of activated human primary
cortex with clinical MR imaging system. Radiol-
ogy, 188 : 125-130, 1993.

Ogawa S, Lee TM. : Magnetic resonance imaging
of blood vessels at high fields : % vivo and in
vitro measurements and image simulation. Magn
Reson Med, 16 : 9-18, 1990.

Ogawa S, Tank DW, Menon R, et al. : Intrinsic
signal changes accompanying sensory stimura-
tion : functional brain mapping with magnetic
resonance imaging. Proc Natl Acad Sci USA, 89:
5951-5955, 1992.

Bandettini PA, Jesmanowiccz A, Wong EC, et
al.: Processing strategies for time course data
sets in functional MRI of the human brain. Magn
Reson Med, 30 : 161-173, 1993.

Bandettini PA, Wong EC, Hinks RS, et al. :
Time-course echo-planar imaging of human
brain function during task activaion. Magn
Reson Med, 25 : 390-397, 1992.

HEFEE D Hi5T o4 75V —, A2 MV, &
BEJE, B, 1977, p. 52-57.

Constable RT. McCarthy G, Allison T, et al. :
Functional brain imaging at 1.5T using conven-
tional gradient echo MR imaging techniques.
Magn Reson Imag, 11 : 451-459, 1993.

157



Functional MRI Using 1.0T MRI System :
Evaluation of the Image Data Processing Methods

Hiroki YAMADA',  Masato TANAKA',  Hiroshi INOUE?,
Kouji HAYASHI?, Hidemasa UEMATSU?, ~ Akane KITAGAWA?Z,
Nobushige HAYASHI', Kazutaka YAMAMOTO!,  Yasushi ISHII!

' Department of Radiology, Fukui Medical School
23 Shimoaizuki, Matsuoka-cho, Yoshida-gun, Fukui 910-11
2Department of Radiology, Rakuwakai Otowa Hospital

We evaluated image data processing methods for functional magnetic resonance imaging
(FMRI) with clinically available 1.0T MRI system. FMRI using T,* weighted fast low angle
shot sequence (TR/TE of 91/60, 128 X 128 matrix and imaging time of 15 second) with left finger
tapping paradigm was studied. Twenty-four off imagies and 16 on images were calculated with
cross correlation analysis, spectrum analysis and non paired t-tests, in addition to the conven-
tional image subtraction methods. Compared with the standard subtraction methods, right
primary motor cortex was well delineated and back ground noise was reduced in other three
methods. T-map with median filtering can play an effective role in reducing noise spikes.
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