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) B3 %720 Tl <, BMIMEHRDORES O
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DO A w EEKRGE T A 0F%81%, IMRI 285F
FOFEE L TEHERLBO TrLEINS LD
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OREOFEE T L O R L T < LER
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BT AR S 72 0 OWIN T oL F — R (specific
absorption ratio ; SAR) FIFREICTDO L I & D
MR B 57208, WEOAY Y - Ta—k
(spin echo;SE) %, HE ALYV - T a—k
(fast spin echo: FSE) 7z & % H\WCiR{R4 %
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LN SR DOBEHEIC I D <SRRI MET TR B 25 <
0, ZOBRTEIRLS x5, HEKD X
S s HHEOmD Ta\W 7 FIREEIC S W TR
DORYRITHTN 2D, ERREIC L5 TifEA~

%3% TIEFIT NSV, AR O XD

G FHEE D IR S N 7IRAE LR < Rh A7
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ICENZENOFESREZIC S W TUNOBRE, B
FJ O K A E OREFIREE] 2 5 1A U 7R 2y
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kLTi BRI LLAMT, SO &8 LKy
HAD D, MAOTMALFEICLY Tio

%fﬁ%ﬁiﬂ’zg&éh“(b\ém.

BEREFOBERS (T2) 13, FEERAVICITBRIE TR
IR L v s SN Tw A5810, SERRIC
S 5 & BRESTRE AR I AT o0, TR
ICHEMET 5. TOMEBEFEOLEHINTH
L. WO (7 VFV) OB LS
RE—DOBRERBRL 57200, KEEKS
?ﬁ@iﬂﬁﬁ@mﬁﬁ<ﬁ%tbm »5
Wi, B ARE—OWKIC S HICIRB O E D
MEINAY, I E@ﬂi&ﬁ#ﬁe%ﬁé nTw
L. Lo T, T EEmED LA L b
I FEfE 4 A 728, BOLD $:iC L v fIMRI %
12860 TEL, M\ AEBEME IR - T
WET HLENDS.

BESRIE O LRI X 5 4 5> —>0 8 kidft
¥y T FREEOR ETH S, Jhid, Bk
EWCOETIHFE Y T T —F T 7 7 P REKE
{FTAHT7T AV FELTEHT 57, MRS/I
OB EC, BEOSNEOMmELrHVE S
T, KOEGRED AR PV bH T LIRT
&, ROERBELRAXRT FIVORERST I /B
OBMBED [ EAEH S 5.

fMRI (Z& (T2 BEHSEEDF R

fMRI L, BAED & C A ERSEE OF S
ﬁﬁ%iﬁéhTVé <CH5H. IMRI &
i, EBECHVEOFEITIC S MR L& B H
L, FICBEREZ T4 A5 A\ D . (kS
BYOFGRAE U 5 MIREIRER IS, BALARYS 7
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D%t (blood oxygen level dependency,
BOLD) #5|&# 9 L& FML T, MRS
By 7w M4 HIELOY 7 IV OfE FilEOEAL

200241 7 24 HZHE

PURIEE RS T563-7588 KBFbH A 1-8-31 EEEREMBEMRAZA 7LV 7 F o=y AWV
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Table. Summary of the Literatures Reporting T1 and T2 Relaxation Times of Human Brain

Static magnetic Pulse seguence

T1 (ms)

Tz (ms)

Author feld strength T T G W G W Reference

Jezzard P et al 4T IR-IEPI SE-IEPI 1724 1043 63 50 Radiology, 199, 773-779, 1996

Hetherington HP et al 4.1T IR-SI 1323 819 Magn Reson Med, 36, 21-29, 1996

Pan JW et al 41T PS-IR — 1282 834 — — Magn Reson Imaging, 13, 915-921, 1995

Kim S et al 4T IR-Turbo — 1354 939 — — Magn Reson Med, 31, 445-449, 1994
Flash

Barfuss H et al 4T SR SE 1250 1070 77 62 Radiology, 169, 811-816, 1988

Gelman N et al 3T TOMROP — 1763 847 — — Magn Reson Med, 45, 71-79, 2001

Gelman N et al 3T GESFIDE 71 56 Radiology, 210, 759-767, 1999

Wansapura JP et al 3T SR MSE 1331 832 80 110 J Magn Reson Imaging, 9, 531-538, 1999

Ordidge R]J et al 3T — MSE — — 35(S) — Magn Reson Med, 32, 335-341, 1994

Ogg RJ et al 1.5T IR — 1204 740 — — Magn Reson Med, 40, 749-753, 1998

Bartzokis G et al 1.5T — CPMG MSE  — — 74(C) 64 Magn Reson Med, 29, 459-464, 1993

Cho S et al. 1.5T PAIR — 1144 641 — — Magn Reson Imaging, 15, 1133-1143, 1997

Ernst T et al 1.5T — STEAM — — 79 85 J Magn Reson B, 102, 1-8, 1993

Vymazal J et al 1.5T SR MSE 1304 660 93 76 Radiology, 211, 489-495, 1999

Steen RG et al 1.5T PAIR — 1085 641 — — Magn Reson Imaging, 18, 361-368, 2000

Breger RK et al 1.5T SR MSE 1216(C) 764 77(C) 73 Radiology, 181, 545-547, 1991

Whittall KP et al 1.5T SR MSE 1260 756 80 77 Magn Reson Med, 37, 34-43, 1997

Chai J, et al 1T Look & CPMG MSE 796 492 82 64 Magn Reson Med, 36, 147-152, 1996
Locker

Bartzokis G et al 0.5T CPMG MSE 83(C) 69 Magn Reson Med, 29, 459-464, 1993

Agartz T et al 0.02T IR MSE 239(C) 208 99(C) 95 Radiology, 181, 537-543, 1991

Wahlund L et al 0.02T IR SE 251(C) 221 97(C) 93 Radiology, 174, 675-679, 1990

Abbreviations: C; caudate, CPMG; Carr-Purcell-Meiboom-Gill, G; gray matter, GESFIDE; gradient-echo sampling of free induction decay and echo,
IEPI; interleaved echo planar imaging, IR; inversion recovery, MSE; multiple spin echo, MSR; multiple saturation recovery, PAIR; precise and ac-
curate inversion recovery, PS; partial saturation, S; substantia nigra, SE; spin echo, SI; spectroscopic imaging, SR; saturation recovery, STEAM; stimu-
lated echo acquisition mode, TOMROP; T one by multiple readout pulses, W; white matter
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0.5Hz

1Hz 2Hz

Fig. 1. Activation of basal ganglia induced by finger tapping task. Each activation map was obtained by 0.5, 1 and
2 Hz of movement paced by dot prompt visually presented. Activation of 10 normal subjects is averaged using ran-
dom effect model of SPM99 (p <0.005). Activation in the basal ganglia is clearly visualized at 0.5 Hz and strongly

visualized over 1 Hz.
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Advantages of fMRI at Ultra High Magnetic Field
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The following is a review of the advantages of functional magnetic resonance imaging (fMRI) at
ultra high field. A decade has passed since the primary development of BOLD contrast. A dramatic
increase in the use of fMRI has produced numerous fMRI studies in neuroscience as well as cognitive
science. MR imaging at ultra high field has played an essential role in the development of {MRI be-
cause it allows for the extraction of higher motor and cognitive functions as a functional network.

The main properties of ultra high field are better signal to noise ratio, longer T1, and higher resolu-
tion in chemical shift. Both the enhanced susceptibility effect and increased signal synergistically
produce better signal to noise ratio of the BOLD signal. Due to this, BOLD contrast increases more
than linearly according to the static magnetic field strength. In addition to this, signals originating
from capillaries are more represented in BOLD signal according to the field strength. This means that
measurements at ultra high field allows for more reliable activities.

To establish measurements at ultra high field, many technical developments have been made.
These developments are pulse sequence optimization, high order shim system for a whole body mag-
net, field map correction, navigator echo phase correction, and resonator coils for transmitting and
receiving signals. These developments have compensated for the problems of motion artifact, physio-
logical noise, and geometric distortion.

Ultra high field of 3 to 4T has been applied to fMRI since the beginning of its use. Comparative
fMRI studies between high field and ultra high field have shown a better detectability and specificity
of measurements at ultra high field. Now ultra high field of 7 to 8T is being tried and several prelimi-
nary studies have been reported.
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