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Part 1. Theory
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SPAIR (spectral adiabatic inversion recov-
ery, spectral attenuated inversion recovery),
FLAIR (fluid attenuated inversion recovery),
STIR (short inversion time inversion recovery)
e L ORIREERE (IR I8\, |l
MK OES A T (null point) & 75K
BRI (TLua) 1%, BESRAED % A 50582,
Thur=Ti-In2 ORX2 (22T, TilIHEREFIR
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tﬁ LT EDDS.
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BN EHEERE 50 D27 S L ol
FEAERL, —RICEDHEDIRE > Tnix
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A9 Biix, SPAIR, FLAIR, STIR 7«
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ICHAE DR 7 IREEIC I\ T, RKEE TR
B4t OBAICIL U CRNBS Thn % RE T X
HE21, ELWERIC K D Tha B % 56
b, ML T A ETHAH. 2D=DITiE, &
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B BN L0 $H5T N ELEE 2, ft
WAL DZEE % Y« —<b L THROEH AR %
Gir DT HRL, GEOREINCEA %
SHELCEEICHATES L2 TRLADT,
HET 5.

5 &

i L 7- MRI #:& %, 1.5T @ Siemens #-
# MAGNETOM Symphony », 3T ¢ Philips
#H-%L Achieva X-series TH 5.

et & UcimBikis, mERICBES v
A= ENTOLHREEDOSH, IR/OVA
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*—rJ— K magnetic resonance (MR), inversion recovery (IR), null point, spectral attenuated inversion

recovery (SPAIR), equation
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Table. IR Pulse Sequences (SE type), Classified by the Behavior of Longitudinal Magnetization

Number of Spin-Echo before the IR
Pulse of the 2nd Repetition

IR Pulse Sequences (SE type)

Multiple
One
Zero

FLAIR-TSE, STIR-TSE, 3D SPAIR-TSE, 2D single-slice SPAIR-TSE
STIR-DWI, FLAIR-SE, STIR-SE, 2D single-slice SPAIR-DWI
2D multi-slice SPAIR-DWI, 2D multi-slice SPAIR-TSE

B 7= (Table). ZO=Z>OfEINC Tha D
¥R AEH L, /3 3O Excel IC# Ak
Z k k\: J: V) %{%&: TInull%ﬁtﬂf% %) J: 51%
L.

1. T]null @ﬁﬁ@ﬁﬂj
Bloch XD > %, z ilJ51a O /MRS T
TORMFEFIRATEIN LY.

Mz _ Mz— Mo
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CCT, MzidHEml, MoidBFRgRRE OHRER:
b, ThidHEme IR 2 %9

ReZll ¢ 1C B BfERAL A Mz (2) & BV THES
I5 &,

1 1
SMZ(Z‘) - Mo Mz (#) = _Sﬁdt

In (Mz(t) ~Mo) =~ +C  (CHRAER)
Mz(t) — My=e 1T+ 0

t=0 ORFOMERALZ M2(0) &< &, XK
D Mz(0) —Mo=e L7525, ChaBU ERIC
AT B L, M) FkOKX[AITEZ BN
5.

ALU)=A%—(A%—A&«D)pr<_%Q

COLATRIE, BZ 025 t ORI, R

Mz(0) 726 Mz(t) * CHEE T CHERERI 4
BT EHREWRLTWA. T4DL, MEHENERE
ICBWT, HAHEH (1=0) 1Tk 5wt
Mz(0) Boh»hnid, zh kD ¢ RRE®ORER
b Mz(t) i3, R[AITRDBEN S, ZD[A]
REERL L THWAZ LICKD, #EtRba
AL T K.

£, IR/7OVAEFTOMERAL S Mo &% L
WG, Thabb, PIEOEERS, TR 2 H
WAEMD T L 0D T4 kWSS O null point
HE2D. IRV LD Mo 180° [ 5 &
NT-Mt7ch. TORXIZ0ELT, Ih
F U R ORI " Mz(H) L3 &, K
026t ORNC, HERALD — Mo 70 5 Mz(t)
T CRERERT 4. L7eii-> T, RIATIC Mz(0)
=-MZRATHTLITEY, Mz(D)IZkK
ThHEzbnh5.

t
Mz(t) =My {1—2 exp (—?) }
null point & 7z B Thun L, Mz(H) =0 & 7%
LI DT, ThaefE 2 LIckD, ’RAT
Fzb6h5.

TLun="Ti-In2

INE—ICE<ALNBNTH A2, IR
7OV ABEFTORERAL D Mo &% L WA ICD A
[EARVASR

KT, IR 7OV ABE BT OMERAL S Mo LD b
INEWEE, Tabb, TR B EMEMED Ty

201241 20 A8 20124510 H 25 HET
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EICHERTHHICREL WSS, I
D TLun DFRITOWTEZ 5.

% < OIRGE T, ARBOBOZETHLD A
FrV (FI—AF V) bEFOTHEHEBDR
EAEDEINAEOT, VKL 26 H UK
O IR 7OV AEFTOMEBALIT Mo L D &/ S
<, NS TR HERAL B R S B 72T null
point (IR <N 5.
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LB O 7= ICHEBAL A 1 L e b7,
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2B HD ThaxHALL TRONIT IV EF
ZbNnb.
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HEEDRL O IR 7OV ADRHZ ALYV T a—»
BEED H5E - 1 EOBE - YOEOHED
S L (Table), T ZNOEHEICE
W Thun DR EZUTOZ L <SHEEHL T
P<.

1) IR 7VVARIOAY Y T a—DEEEOSE

LY ARYA

H33% 1% (2013)

[FLAIR-TSE (turbo SE), STIR-TSE, 3D
SPAIR-TSE, 2D single-slice SPAIR-TSE, %]

At O%8) % > « —< 1k L T Fig. 1 177
L. Tao—MR% ES, Ta—FU A VEA
ETL, Ta—t U A VORKETa—OF L,
BRD IR 7NV AETORR%E To &< &,
TolIRATEINS.

Tp=TR—-TI-ES-ETL

FERRR i@ &t F i, ESH T X0 +45
B2, BETa—OFOLTORELZ Y 1
EEITE A9, T a— kD TolkefH
%, Fxbb, #VERL 2EHEDIR VAR
BIOMERAL % M &35 < &, To OREICHEBAL
BN E Mo & THEERT 5. L7ch-> T,
ALANT Mz(0) =0, Mz(t) =M, t=Tpx{CA
$5L, M3 N1 TEHEZLNA.

M2= Mo {l—exp <—%> }
1

SO M5, IR7VVAIZED 180° iz ST
M b7x %, T LD TIWRRE#% ORERAL &
M b B< &, TIORIC —M: 7> 5 My % THit
B+ s, RAITM0)=—-M, t=TI, M;

1st Lastecho 2nd 3rd
180° 60180" 180°180] 180° 90180° 180°180° 180°
TI ES - ETL T, TI ES-ETL Ty
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M]_ - -=" - - -7

echo 1 ,’
T Pl

Ve A
Null point —Ms)/ Null

point

Fig. 1. Behavior of the longitudinal magnetization for FLAIR-TSE and STIR-TSE sequences.

Mo=M1>M>=Ms=Ms=---
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) =M'%RAT 5 &,

M =My~ (Mo~ (~ M) -exp (-1

Elx%n. R(13)I1ICA(1.2) LA ERAT
Bl M3k TERENS.

M>' =M {1—2 exp <—%]>
1

( TR—ES-ETL> }
+exp 7

ZO M 231 (null point) & 725 TR 5
;‘k&)% Tlnullti@fy
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1

TR—ES-ETL
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1
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<.
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[STIR §iErsmF, FLAIR-SE, STIR-SE,
2D single-slice SPAIR JRE A&, 2]
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single-shot EPI (echo planar imaging) & ¢ 4.
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TInull: Tl |:1n 2
{rrew (-H55)}]
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T
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[2D multi-slice SPAIR J5#x5#H#H{, 2D mul-
ti-slice SPAIR-TSE, %]

SPAIR /U A% 2D <XV F A5 A AT
PR LS E2, CThicY-%.

SPAIR 7V AL, BRI ORIy % 15D % A
F UV ER AFIVED REBCERED 180° K
BNV ATH BN, AT A AIERMTH 57z
O, N 2 —LZEDORERED AT/ E2 A5
W E RS 5. 2D < IVF AT A AHRIEIC
BB AT A AR A B ER (package
¥, 3L <& concatenation ) TEl- 723,
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S A A |wlB$ 57200, TR ORI n 4],
SPAIR 7V A3 ER % i3 % . SPAIR /¥b
AN N AR (SPAIR £ 0 R UK ;
SPAIR TR) % TRspar & 35< &, TRspam
KA TEHE 2z N5,

TRspar=——= TR
n AT A ARG ER

(7=72 1L, single-shot ® 2D multi-slice SPAIR-
TSE O%&1E, A5 A ABy&kkEs TR & L
THBEICERINADT, TRspar=TR &7
5.)

2D multi-slice SPAIR §fH TSE :ic k1 %
M Bs DAL D2EF %~ « — <1k L T Fig. 2
ICRL7. BB 1 A5 A ADJEH ORI D2
Waplic & > TE2 5 &, Fig. 2 O FBRITR
T 51, WD SPAIR /)L A & B KERD
BICE LEIH D AT A AZEIRMED 90°-180°/%
WARINC L BTa— VA VHBEL BN, %
DT AT A AIEFERMED SPAIR 7L AT &
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SPAIR SPAIR SPAIR SPAIR SPAIR
qst AN 2 AR
K—o<—%—>
ond TI ES-ETL Tp nnn &) TI'ES-ETL T,
3rd IMMAg
nth 2 ||g,|'1'|'u'
D
M, TRspaw (= TR/m) TR n

FatM,
(1stslice)

M, 00— v /A
M1 2/€mMn_1 [7;1;
Té;n,zﬁm / / §> "l /

—Mo

0 4% a « ¥4 V 14
— TDJ TRsppir 1/ -M,, T
Dummy —M, —M Null
M, Y—M. n-1 u pomt

Fig. 2. Diagram of 2D multi-slice SPAIR-TSE
The bottom shows the longitudinal magnetization of fat in the 1st slice.

HIMEDO AN (n—1) EERET A2 TAY
Vln—iiuﬁm Z DR D SPAIR /X)L A
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%ﬁ} ............... (3.1)

ZCC, To=TRspar— TI-ES-ETL. ---(3.2)

Mi= Mo {l—exp <—
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Y72 B, TRspair DRIC — My & Mo % THERE
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T
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Ms= Mo {1*2 exp <*

1

LIF, FREIC My, Ms, - %8BT &, My
Bk TEINS.

TRSPAIR) < 2 TRSPAIR> < 3TRspar— TI—ES-E TL> }
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1
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TInullZ Tl |:1n 2

TR—ES-ETL
—In {1+exp 7 :|
1

2) IR/SVARIO A T a—7 1 AOEE
[STIR JLERFHE, FLAIR-SE, STIR-SE,
2D single-slice SPAIR JLE TR, %]

TLun=T: |:1n 2

)
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[2D multi-slice SPAIR JLi5&EA%, 2D mul-
ti-slice SPAIR-TSE, %]
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T
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(1) Pulse sequences with multiple spin-echoes before the IR pulse of the 2" repetition
[FLAIR-TSE, STIR-TSE, 3D SPAIR-TSE, 2D single-slice SPAIR-TSE, etc.]

T % TR ES ETL TR —ES-ETL
Y N N .
1

TI = (msec)

(2) Pulse sequences with one spin-echo before the IR pulse of the 2" repetition
[STIR-DWI, FLAIR-SE, STIR-SE, 2D single-slice SPAIR-DWI, etc.]

T % | TR TE TR—TE
Tl = iz 1n{ 1+ exp( 215 )]
1

T i (msec)

(3) Pulse sequences with no spin-echo before the IR pulse of the 2" repetition
[2D multi-slice SPAIR-DWI, 2D multi-slice SPAIR-TSE, etc.]

T, % TR
T%m:13hﬂ—h{1+am<——€gﬁvﬂ

1
TR
number of slices / package

TR SPAIR

TInulI = (msec)

TRspaig =

¥ T, relaxation times [Reference values]

1.5T 3T

Fat 260 (240~280) 340 (320~370)
CSF 4500 (4200~4700) 4700 (4500~4900)

(msec)

Fig. 3. Excel worksheet for calculating 77w on a PC
Enter T relaxation times and imaging parameters in the blank cells, then calculated values of

TLuun will be immediately displayed in the gray-colored cells.

SPAIR-TSE O¥;&1%, TRspair=TR).

2. )%V av @ Excel TOHBEHE

B E=Z00OMERLIMITET 72728, Excel
T—=7 V=P ICEBHITHAAL B TE
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I - Bk ThviE (2% ThifE L LT
Pt ZEMEANT ST LIk, ThaitE
a7 HICHH A ERTREE -T2, 1§
B N7z Thun 5t HAE A BOERFE & LT MR %
ICHREL, IRICHBRBICHAT LI ENTE
7=.

210, Thaxikt/N\5 A—2 THEDHE

BELTTS5 7Mbb ERFREET 7. B
ZX, MEENC TRspa % & 0, KEWNC Thun %
Lol ST RERTE (Fig. 4), ThEH
BIL T &, BRTCTLuxRETH LD
T&7e.

310, ARG TWEL TS E T
b, BAWRGBIST A—=2DH & TD Tha HH#E
BRIICD r o TOBEBEICIE, £ONT A—H
% Excel V—27 v —PMICANN L/ ET, flix
O TifEERANTAH EWCED, 2O Tha
BEONS TifEZEEL RO HHHE W HE
Todz. BAHWIE, Excel DI —)Ly— 7 HEEE
PHOCWCTHEASERTA L TE/R. 29
L<Ebon/ Tiflix Rodo Tifi & L TFH
AT 5221280, HOFmEBI/ST A—RITEBT
b Tl KT —27 v — b THHETAHZELT
7.
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2= T
//, (F=260)
100 /
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TRSPAIR (ms)

Calculated T1,,,; (Fat)
(34
o

Fig. 4. Calculated 7Tuau of fat as a function of
TRspair, for 2D multi-slice SPAIR-DWI and 2D
multi-slice SPAIR-TSE sequences at 3T (solid
line) and 1.5T (dotted line).

% £

IRV A% SE Ry —7 /Al AEHE
TeHRBEIC BT, Tha OB OB EE %
G DRT AT, MO EE A 3
BBl Ty ea—~fkl/c. o=
BREWRE —7 v AN/ a2/ @ Excel
IS AAT S 2T KD, ERK CRIEEICE YR
AN RN CTha w IREETE5 551
7z->7-. TR, ES, ETL, TE, X5|Z SPAIR ®
2D X F AT A ARBTEAT A AR WG
SEIR AL 5 T, null point LB 5D
T, ZOHE, WBEMITIEU 7z Tha % B H
TAHILEPEBELEZEZOLNHO. 2EOD]
&, B2 5 TR, ES, ETL, WS REL Y,
T2 ORGEMT TREZ AV THRG L 72315
FLAIR 0@ % Fig. 51277

£72, Fig. 4 D 5512, ThuO¥ X% 7 5
T A LTk D TRspar =2 TiE7z ¥ D
HAFD Than \Z BAE T B BRI L EML
KT 75 7200 TRspa 75 ThEIZ N TH
FEWEEICE Thald Ti-In2 1275V TW
<D, FRRTEAL b s iEnyiEy TRsparr
DLGENNE TRsear P E D 5H & Thun K = <
B$H ENERTHRNS.

X512, AEIC L5 null point © BB E %

30

Fig. 5. FLAIR-TSE images of brain at 1.5T (a,
b) and 3T (c, d), using calculated TLux accord-
ing to various TR, ES, and ETL, in a volunteer.
T1 values of CSF used for calculation were 4500
ms at 1.5T and 4700 ms at 3T. Our institutional
review board approved this study and we ob-
tained informed consent from the subject. All
images showed adequate suppression of CSF
signals.

TR/ES/ETL/calculated TTuu were as follows:
(a) 10000/10/17/2639 (ms)

(b) 8000/10/19/2389 (ms)

(¢) 10000/6.3/29/2709 (ms)

(d) 7000/7.9/23/2268 (ms).
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Calculation of Null Points in SPAIR, FLAIR, and STIR : Part 1. Theory

Miho KitA!, Kazuhiro KAwWANO?, Katsuya KOMETANI?,
Toshihiko KoND0?, Kazuhiro SHIMAMOTO?, Humihiro TANAKA!,
Hideyuki OpAl, Akihiro KojiMAl, Morio SATO3

Departments of *Radiology and 2Radiological Technology, Seichokai Fuchu Hospital
1-10-17 Hiko-cho, Izumi, Osaka 594-0076
3Department of Radiology, Wakayama Medical University

The inversion time of the null point (77uu) should be optimized according to the imaging param-
eters in inversion recovery (IR) sequences, including spectral attenuated inversion recovery
(SPAIR), fluid attenuated inversion recovery (FLAIR), and short inversion time inversion recovery
(STIR). We devised a convenient method for immediate calculation of 77w on a personal computer
(PC).

We classified the various IR sequences into 3 groups. In each group, we diagrammed the behavior
of the longitudinal magnetization and elucidated the process of deriving equations for 77uu. The de-
rived equations were embedded into Excel on a PC.

Calculated values of TTuu were immediately displayed on the PC after input of imaging parameters
and the longitudinal relaxation time (71) of fat or cerebrospinal fluid. Values of 7Lun could also be
visually determined from the graphs for the equations. Furthermore, apparent 71 could be sought by
back calculation.

In conclusion, this method may be useful for immediate calculation of 7. and may be easily avail-

able for clinical application.
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