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Spin echo, flip angle, contrast

1. B3I

Flip Angle (LAF FA) 1ZfERD MR &gk
TRRELBEENE SN2 AE GEFE 90 Bl
BYCRESNTE, LoL, &, FARZE
2% Z EIZE o T, BNz contrast #H7T % MR
BER/OND ZEMMEDY SNTWVWD, L2,
FA & contrast & @ BAfRIZ D TIZFEDITHRES
ENTWD LIV ZT, L DROFREDY HHL
Ranzicd€k\v, 4E, spin echo (BT SE)
FEE%2BAWT, FA? contrast XD & 5 2%
BE 52 39200 TEHKEZ® contrast map

PREWTHE L, 27, AKFICSERFED/ Y7
A—F —THIKRRTEE LT p), TLT
2{E ¥+ FA OERIZDOWT HELBFL, ZD
RSB TH 2 2 L 2R T 2RSS
72D THET 5.

2.5

L7 MR #&1Z, =HEEREK AAE
0.15 T (tesla) TH Y, spinecho & TFA 2%
Z 7236 @ contrast AR E G Z & VT con-
trast map CTHES L7z, &REERIZ, SE (500,
40 ms), SE (2000, 40 ms), SE (2000, 80ms)

sin(0) x (1—2exp {(—(TR—-TE,%)/Tq} +exp(~TRT1))

1(SE)a o X exp(—=TE/Ty) X

1+cos(0) xexp (-=TR/Ty)

| =signal intensity, p =proton density, ¢ = Flip angle
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TR=repetition time, TE =echo time

Fig. 1
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Typical Values for Tissue Parameters Used in the Study 3. i,ﬁ:lf %
Tissue Rela;iev:sﬁ;oton Ti(ms) Ta(ms)
Gray matter 1.0 500 00 FSEE 0.15 T, TE=40ms ODELHET T
White mater 0 i i FA &£ TR 2L 8 €88, MOKEB L 7B
i & D contrast I% 2 L2 R T HITONT,
Table 1 ERREGTHRES L7, &R EHRICB VT, TR %
LAY — 1 (B) | 500ms IZEREL, FA2/INSL T35 LHEDE
contrast index = INOIBINONZ) SEKEELVES,FA2KELT2LZ2DH
RPWEEL 72 (Fig. 4). L L, TR %2000 ms
I (A) =Signal Intensity of Tissue A TRFAZZEZTYH, HELIKABOEEDM
I (B) =Signal Intensity of Tissue B HBIIFED s o7 (Fig. b).
Fig. 2 TE 40ms TO FA & contrast DBz % TR

200~2000 ms D& TESANEHET 272012,

0.I5TICBIF2RRNEABELIKAED p, T
DEGEEBIHRER LK E 7 2 VED p, T 1, 1, T2{& (Table1) % Fi\> contrast map (Fig.
T2fE% Fig. 1 D2 HWTEK®D, ®IZE& TR 6) REBL 7z, ZD#ER, E\v TR O Ik
(repetition time), TE (echo time) DT JKEE X HE®D contrast B FA #2152 LIZ
D%, Fig. 1 DR %z v TERLL 72, BEtoxt L DHET 225, TR DIER & & 12 Z DEFRDS
RELTE, EENMOBBLIKABER2A W HOONKL BB ENHEILT-, £7-, TR
(Table 1). 7 #H #& [ @ contrast i contrast FBAT21ZECIDBNILEL %R, TR 2EL T
index (Fig.2: AT CI) TEZL, FA £ DS % & contrast WW&IZT FA OFIENF k3
fR1Z contrast map % Fv> THEHT L 72, contrast EHEES NI,

map (3#EEHC FA, ##c TR 220, Cl 26 RIZ, T O contrast D ¥ D85 A —%
AOBEURTERRLIBDTH B, 272, FA D p, —ZHEEL TV B DI DWW THET L7, SE &

T1-T2MEDED/ST X —% —I1Zf85 L T con- % Table 4 DAL, p, T1, T2EE ST,
trast KELZ2EZ TWwWaDO0n%, SEEE% 7 3% E,FAIZ TIEDRKDDA2EHL Tn»
NZNDINT A =5 —BIZH THRET L 72 (Fig. 72, ZOTIER2EUCESPHE LIKEE LD
3). MTEWERRTIEE, MEMED contrast I2 T

1 (SE) & Component () X Component (T2) X Component (T1)

Component (p) =p
Component (T2) =exp (—TE/Tj)

sin(0) X (1—2exp {(~(TR=TE %),/ Ty} +exp(~TR/T1))
1+cos(0) xexp (—TR/T¢)

Fig. 3

Component (Ty) =

ZTEAH  BEME3H5 A20H
BIRIGERSE  (F570) sFOMEETIFEM BIHEREREHREL Nk 2
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Fig.4 IEH ADEHHA K MR& : SE (500/40
ms) : (@) FA 45 &, () FA 90 &, (c) FA 135
Jics

ITENFEL 2L R2EZ0N570,FAD
contrast X5 2 23R E*HE LIKAED T 11&
REUDRSOLEROTRE L. WED T 11E
EEUHSCENPES BB EZOHIF 1WTED
<A, TR500ms, TE40ms iCBWTIKHE &
HED T10DESOHIE, FABRELS K311
WED L ZEMHEAL 7 (Fig. 7). 2D Z &3,
FA #K%< 75k Contrast D LT T 1{ED
SOEEI/NS L DB T25F %0,
W FA Z/N&8L T2k TIEDORSOFEN
7D TIMEAL 22 I EE2RBL TS,

gz, ZOKBEELHED T 1EDKRI OO
@)X TR R %% & FA @ contrast 12 J&IE
THIRIZ D% B 2 EHBAL 7 (Fig. 8).
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Fig.5 IE® ADEEBER MR & : SE (2000/40
ms) : (3) FA 45 &, (b)) FA 90 |, (c) FA 135
Jics

Frddeg, >
182 :

12D )
T R (ms)

Fig. 6 Contrast map : Contrart index % scale
bar D B2 21ZERELS 2 XS ITHRRL
Twb, O TROERTFA 22252
WXV BEE, IKBEE®D contrast 13 KEEL
TWwa3,
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R’ &

Signal Intensity (arb.unit)

RATIO of COMPONENT T1
2

WHITE MATTER TR = 508 ms
GRAY MATTER ------- TE = 40 ns
RATIO of T1 - — — -

90
Flip Angle (degree)

Fig.7 RATIO of T1i3HE, KAHE® T 1 ERK
SOtRET,

RﬂTlg of COMPONENT Ti

TR, TE T1 ,T2 ,PROTON
(508 , 40 ) ~------ (300 ,8, .9)
(5008 ,88) —-— =~ (500 , 100, 1)
(580 , 128)

@ —H—
8 188

98
Flip Angle (degree)

Fig.9 TR500ms, TE 40, 80, 160 ms TOHE,
JKEED T 1ERS D HOZEAL

L» L, TE #F 2 T% contrast L5 2% FA D
B IFENE» - 72 (Fig. 9).

ER2Z TR 500 ms, TE 40 ms I T FA 45,
90, 135 DX SE & (Fig.10) %4 L S/
N HERHIE L & 25, FA 45, 135 ETIid FA

RATIO of COMPONENT T1
2

TR, TE 71 ,T2 ,PROTON
(2000 , 40 )------- (300, 80, .9)
(1000 , B )—- - — — (500, 18@ , 1)
(580 , 40 )

a vvvvvvvv 4
e 180

90
Flip Angle (degree)

Figl 8 TR 500, 1000, 2000 ms, TE 40 ms T®D
HE, KAEOD T 1ERSO L%

90 E»5#72dB @ S/N LbDEEE =D 1203,
ClZIZEERICTh o/ RIGHE LT TR A
DIBUCRTE T 2 LRSSV TRV,
short SE 6 ® contrast 7313 5% AJBEEAR
N7z (Fig. 11). %7z, fEkD FA 9 ED SE &
TEsND T2EHAEGRE TR 2EHLTHE
sNB Lk D, BREFHOEEITETDH
-7 (Fig. 12).

4. % £

B, VA4 A—YR3IDA A=V ERFSL]T:
» DEEHFEIEYD BERICH SN SRICRD,
D—HE L LTFA 2% & ¥ 7z gradient
echo (AT GE)EEBHWwONE X D2k o7z,
ZhiE, v TR OB TR OEWESERT
FARIELUTTHLDNEZ W L EFIFLR
LbOTHB, L, FA%R%EZ 5 L contrast 2%
YO X3 ZET B0 TOFMAHEIE
HE2 I NBIcTERY, Zhik, GEEE%
FERALLHECESEFTLRERY, 734V
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Fig. 10IE% A O BEER R &E £ : SE (500/40 ms) :
() FA 45, (b)FA 90 &, (c)FA 135 &

V7 M BFEIS RV ER EORTFBID DR
NOSEBC R DEEZOND, ZDHS
Blbotbii, FA 25 2 LTRSS X —
F—%ELCLL, YISHANMYT FOTES LE
WHDO TR —DEELZ I LR LB v E
Ezo6h3SEEEE2H V.
SEE82HWEE, FARRELLTWYL

ZEIREMEBO TIHEOZDEERZ/ NS LT
WL ZETHBOPHBELE, 2D EiE, FA
BPRELCTBZER TR 2EL, 7 FA 2/
EL{FTBZLIE TR 2EL TAMRE2ED &
BRLTWS, LHL, FAREXTH p, T2
O TDERE L a7z, #0720, TE
BEZTHRD 5N 5 contrast #, FA*Z 2T
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Fig. ILLHFIERE, SE(700/40 ms), (2) FA 45 B, (b)) FA 135 & [ FA 2/N&<F5 2 L2k
BEIEREL K THB L D 0 E5HELF O T 5, CT I TIEELED - 28, F
7ic T MFH Th - 7z,

Fig. 12 fIE (L 0SEE 7 astrocytoma DB, SE(1000/34 ms), (@) FA 90 &, (b) FA 135
B ENTRZERLUTH, FARRETEILICL VROREREMICT 2 L & biC
RIFICHE, KHER5HEEL Tw 3,

S
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1-cosfee ™M
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3k 6) 7)

1—cos@ e

— *
S=Hee TE/To™ |

“TR/Ty 4 o~ TR/TY, ~TR/T)

sing (1—e

Xk 8)

STR/Thy

1-cos@ (e—TH/T1 _e—TR/T1) _e—TR/T1 o e—TH/Tz

1
To*

X @k 9)10)

1
— =?2+(VAH0/2) Vi, =vd4Ho AT  X# 11)

Fig. 13

BIIELTEHEIRANDEEEZONT, B
2T, B 3 % contrast i > T TE 2340
WS T 20 FHEL, TEANZ FA 2#IRT 3
BERDD, BRI TANELEZ TV, %
72, GEEHIZ DWW THE SN TS GEFED
E5X (Fig. 13) #HWTHE L/ £ 23, FA
DR & X & contrast ~NDEE L DERIL SE F
BE0HE L XM OBER (Fig. 14) #7723, con-
trast D L CFA B RIZTHFIZSEFE LR
CTIEOEDERICE 2 D EEZ s,

RATIO of COMPONENT T1i
2

(388, 40) T1 ,T2 ,PROTON
GE FLASH  --------- (300, 8, .9)
GE FISP -=—=- (600,108, 1)
% P
g ——H———————
2 <0

45
Flip Angle (degree)

Fig. 14 TR 500 ms, TE 40 ms T® SE, SG{E%&
TOHE, KEED T 1 EES O HOZE1L

FA % contrast D ETiZ, TR #E< L&
L7V T 25R2EL 0, UTORARE
wEZ 515, O TR H0BHICHE LEE &
N 3.0HFEERE TIRE Y TR TORGNERET
HY T1HFAGHE SN VH, FA 2/ & LT
22k T1MRARGEFOND, @ FHEEF
MZOMETE Y TR OBERE2RHE L&D
BEI, TR 2R LTH/S1LS X 5 7% contrast
2FARZRELTBZLIck>TEONE, O
T 15%F5 %5 5 short SE TIE A T 4 AEHR
SNTWIzA, INEThEHFERHINLZ LS
72 TR=1000 ms Hi#& T, FA 2/N& < $5 2k
o> T T1IRAGONTFASA A%ELZ
ENTES, WFhIZLTh, FA 2%FEMICE
fesgsZticky, BEKBCELFR- ¥
ZEDTHRETHELEEZOND,

MEEAELT, FIARFHEHENZE: TRIZ
BT, contrast B REIF% FA TIREFTH/IE
S S/NEBBLZWZ ERETFosNS, LL,
bbb DOREERTIL, 2dBEEEDEIECTH 2 Z
ENE L, HEMIZITEACHEIZZ W, L
L, ZORIZDVTESE, KRG E LR
NLUTITSDERNDE EEZT NS,

X @t
1) T.C. Millis, D.A. Ortendahl, N.M. Hylton, et
al. : Partial Flip Angle MR imaging, Rdiology,
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Relationship between flip angle and contrast in MR spin echo signal.
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Signal intensity with spin echo image is defined by three tissue parameters, T;, T

values and proton density.

Additional parameter affecting magnetic resonance imaging (MRI), that is flip angle,
has been recently investigated. The conventional MRI has been obtained with a flip angle
of 90°. We studied the influence of flip angle on spin echo image using a 0.15T permanent
magnetic imaging system (Sanyo-made SNR-15P, Moriguchi, Japan). All studies were
performed using echo time (TE) of 40 msec and a repetition time(TR) of 200-2000 msec.

With 500 msec of TR and 135° of flip angle, similar characteristics of contrast could be
obtained to those obtained with longer TR. As the flip angle was decreased less than 90°
with 500 msec of TR, a similar image could be obtained to that of T;-weighted.

From the above results, potential clinical application are also discussed in the text.
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