Comparison of Image Distortion between Three
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Stereotactic Irradiation of Brain
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TJL—ALXADKEAMMEHRBE OARESTBE A ICRE TN S Magnetic
resonance imaging (MRI)E{&%z f#iiZREDERSD 0.4T, 1.5T, 3T D MRI
KEICLIDRKLUTOEFRORAFNBEZNETSD. S>AT—TU—E
#E5TiE MRI BURIEBEIRIE T 7 > b A(QNA-01, QualitA)ZAWLT 0.4T
MRI(APERTO Eterna, HITACHI), 1.5T MRI(Signa HDxt, GE), 3T MRI(Signa
HDx 3.0T, GE) THRi&R Uz, WmRIFERATERTNTLSD 1.5TMRIDS —o >
A(3D-SPGR)ZE#E(C 0.4T, 3T CTIIEFEDS—T > XRICUTE. £, B#ZEEL
T CT %&&(Aquilion L/B, TOSHIBA) CHIBE LTz, R T, BREAMDILEE
NEA FIBABEORE EERUTREAS S N DOEANSEEND [CRVASE
<7&D,0.4T MRI T&A 1.7 mm, 1.5T MRI T 4.0 mm, 3T MRI T 2.8 mm
THholz. FILREFERNICELURBRWNGEEH D BH/RMIECEMELSE
MRV, BAFHREE DHDFHII T (& 0.4T MRI MRERUVMER S 720 Bl

BRI CHRENRHINnETHS.



Abstract

In this paper, we evaluated image distortion of three magnetic resonance
imaging (MRI) systems, which have the magnetic field strength of 0.4T,
1.5T and 3T, for stereotactic irradiation of brain. A quality assurance
phantom for MRI image distortion in radiosurgery was used for this
measurement of image distortion. Images were obtained from a 0.4T MRI
(APERTO Eterna, HITACHI), a 1.5T (Signa HDxt, GE healthcare) and 3T
MRI (Signa HDx 3.0T, GE healthcare) systems. Imaging sequences for
0.4T and 3T MRI was based on the sequence of 1.5T MRI which performs
for a stereotactic irradiation in clinical. The same phantom was scanned
by a CT system (Aquilion L/B,TOSHIBA) as a standard. As a result, mean
errors of the Z direction was the worst of all directions in all results. The
mean error of the Z direction for 1.5T MRI at -110 mm of the axial planes
had the largest error of 4.0 mm. The maximum errors for the 0.4T MRI
and 3T MRI were 1.7 mm and 2.8 mm, respectively. The errors in a
plane were not uniform and also do not have linearity, so that simple
distortion correction by using outside markers may not work. The 0.4T

MRI had the smallest image distortion of the three MRIs. However, other



things such as image noise, contrast and study duration should be

evaluated for the MRI systems for frameless stereotactic irradiation.
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BRI ANAEIS (CES SN D EAINETHRERSY (stereotactic irradiation: STI)T
4 I> S A M EN, KANDIEREREFH A BB magnetic
resonance imaging (MRI)E&E&H computed tomography (CT)E&kE EHBIC
EAGHHR AR TEID /= (CEYS SN D B (CxF 9 D STI T(d MRI Bz CT [H
BRICEREDTAESHENRESND. STI (320 cm LUTOREE (CxF U THET
REzEPTEERRET SR DEEAECTHD, BHELOIEN 1 ETEENTES
N3 stereotactic radiosurgery (SRS) & #E£4[0](C 3 EBBET TN D stereotactic
radiotherapy (SRT)(CH$EaN 3.

STITI(E, /NS/MEN(C 1 AN SHEIDBRF TER U TREZSZ DT, €
DERFIBEEFEVNEDNKRDHSND. MHICKH TS STI TFEEZEEE(C
BIET DD STIHEREI T L — AW RAVSNDIEENH DN, TOBEEREE
1 mm T EEND. 2 o)LBSXW/A T OY O%& RV ZIHZEERN IR
AREEETE 2 mm UTEETNTUVD. BERRICERIIRSS CRDBEF.LD
BES 1 mm UTFESNTED V&, FNSESOTAMNIMEEREE L,
Hartmann S0k 2)¥° Tsai SORE °)TIE 1 mm &N, TNSEERT
BC(HMEZDERT 0.5 mm UFCTBITENEREEND Y. American

Association of Physicists in Medicine @ Task Group 42 report 54°)C (FHAmA 7



FBEEEB(ICCT DFHMEE (RS RAE 1 mm)ICKBDIENMNEDARENSE 1.7
mm & U TED HRIEE S KUERNIED AR EN S Z SRR fe/MfiIE
DORFENESZE 2.4 mm ELTWND. ENALIBDRE & Tsai SOWE P THERS
ncTHEn,Z22TE 1.1 £ 0.5 mm ESNTLB.

1 EDIRGITH T I BN SRS Tl MRI HRRDIRIC, BURDEHZERE L T
HIEANY—HD—DFWZ STIAESE I L —AZEE URESND.CDOKRDIRT
L—LZRAVZIBEOREF,1990 ERICGHESNZRRTE,0.5T HKXY
1.5T DEBET 2 mm M _EDREEMRE SN 8, ITED 1.5T DEB TIEET
SAIDRARIC K DR BHFET 1 mm U TFEEE R D e EDIRE DX EIRD
ZAE(E1.6-1.9 Mm DEET(EHB3M,Y AERITIEL mmUTDEEERDT
W39,

IAD 3T SHi%E MRIEE (CH UV TE,SRS TOERAZIEE UTEAREARIEN R
&N, Watanabe 5(C LD, —4> RTK D TERENERD 1.3 mmH5 2.0
mm &80, 1.5T HREEDLEER(CHWLTSE 1.5TH 0.6 mm DIRETH DD
(CX LT 3T HBET(E 1.5 mm &S/ESNIZ. LML, Zhang 5 1L KBEH
DV IRWNEFRZSD oD 0O ML TIEEFRIC 1.5T FREEDLEEN RSN,
FBRELUT 15T KREEENELS 0.6 mm UTFOFEIREMNRESINIZ.FT,

K DERPREV/ZFHI C (X 1.5T &XE & 3T &iE TD MRI Eiffve UV TRREERIS K



UZDENEHE (CR D TREFD VAV H—DEZKRDIAERTIE, TNE
1N.0.67 mm HELT 0.33 mm OFHEEE L RjRESN .

N—=H— L —ALICKBDAETEN—HD—(CKDMFIEICIDIBEDFT UL
MRIEHEN IS SNDNY, EELCIDEEST & 72D SRT TIE, TD K DIRTEHFHIENA]
BEEIRBN—H—FMIWZ T L —LZEREIT S TILW/I\A hJOvorRE
ZERAUEIL—LLAS AT LAMERAENS. JL—ALRAS AT ATIEE
BOESPBREDOL DAY ROAIILZAWNWT I L —LABLUTHRE=NDZD,
NN —H—ZF (FELSEFDMHIEMTIIR. TDIzs MRI BURDEH DB
BEREDEDORERICKMRE=N, BEDEN C/RDBEEHEDORERE (CRHET
BDIEWLIRD. S, TL—LLRSAFTLZERBURRR, ko STI (CAWS
MRI IR TOEHZTIEEL THBENDD.

IRTE BN STI DIeH(CIFEZRITE R L TLSD 1.5T MRI ARG NBIHEN
ZWEER DN, ITFETIELDEHIZREDEV 3T MRINER UIBHTNS.
F B MRLIZ 1T < kAR Z AV CAREG A — 7 > B MRIEBE BHER
BOHRAMIBHENASWVWCEMNS STITADMRI EUTDERIREULTEIFR &
N TED. T TAMFR T, EFHIHREDRIRD 3BDMRIREZAWT, 7
L—ALLRASRAFTACHSITDERTOM STIH MRIUBHRS — 0 > X =28 E LU

FEERODEHZRIES .
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FEHAEDEDHICST AT -1 U —iafstE MRI BRI EFBREARIE D 7 >
~A(QNA-01, QualitA, AT AREEAR T 7 > bA)ZRAWC.COKEERET 7> b
INFHIEBICHEHE 20 mm FERRDAEF &7 > TLVDEAERIN S 10 mm fERRIC 6
M, ZD#& 20 mm MR T 4 AT AZFEERN 20 mm (CYIDEDDHZD
M SEEAIFHMEZE U CTWLWSAFER T 7> bATHSD(Fig. 1). T7 > bARED
(FZBETH DKBEKZFAUTERUZ.

RAOIFRNIBEDOREL1LD CT BRZEUS I DITH AR T 7 > b LZZIaRET
[H/H 16 5l multidetector-row CT (Aquilion L/B,TOSHIBA)ZFL\T 120 kV,
100 mA, BB ASARAE 1L mm (OUX—FiE 16 mm), X5 OB
(CTANUBDILTFRVWBERAF v > TR UL, DR, 77> bARDERIN
5 3 RBORFAEROHF.O(FAEDOHIL)ZE T 7 > SARRERLE U aBETERAD
L——ZBE(CS1>2%Z5|E, MO MRIHBEOUIBESHEICAVE.

ERALIE MRIEE (&, 4 —> 81 0.4T MRI & (APERTO Eterna, HITACHI),
1.5T MRI$£&(Signa HDxt, GENJLRT T - £+47/)\>), KU 3.0T MRI &
& (Signa HDx 3.0T, GENJLALT 7 - v )\>) THRGZEITO 2. FERULIEA

w R-1)J)L(E 0.4T MRI (& Head QD, 1.5T MRI T(& HDNV Head, 3T MRI C



(Z HD NV Array Z{ERUZ.

RS — 0 > AT T D STI DERICABT TR =N TS 1.5T MRI D
> —4 > X (3 dimensional spoiled gradient recalled acquisition in the
steady state: 3D-SPGR)ZE#(C,F(CTI—>—T > X, TO-N&EHFENX
MUY ORBAXZRAEFCLIZS—4o > XA THREUZ(Table 1). 7z720,0.4T
MRI T(&,£2<BEED>—F5 > XTI /) A XESHEABL FHATDCTESR

WEHGE IR TzTz8,field of view (FOV)ZHRAZEEL 26 cm & UTz.

Table 1

BONTAREE D 7 > M ADRRFENE D TZEHN 5 8 FOIRFRRDORBIRZ
sPAILTZ RS D E (&, AR (X ) EERCED > THAINE 1 EE
DEF)(CAEN > TE, L FABY AT (CEMN> TE, EEREAMAEACH
MO TIEE UTZ(Fig.1). 1 &F(IEND D) BFRRDE LA EATADRE
FED ZDOPRRZRADBMEE UTZ(Fig. 1). BFRAOBMREEFEETAICK
BDINSYFZEZRBLUT 1 DORBRTFRRICOSTHZZEAT 3 EAIELZEDFE L
L.

MRI #REDTeHN\Y ROAILATKRIEA T 7 > b A%z ERE UTZER, CT &%
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LEARENVREFRAREC D X D JAIE LTz MRI BHR COIS FRAEME S R azid
DIKES KU EEDIRFHROEE 219 LSRR M(Z ) RO DEEHHIEZ T 1
(CLDIToE. FEEARCHATERLICHDDIEFRREENSEESTE(X )=
il & UTzBlEads KURTEAmE(Y #) 2.0 & UizEizzl 2 (CXDMIELE.

(=G ost ) G2) -

(xory) = (Ging ost) (riory) =+ @

CCT, X, Y, Z | IIEERDRAZE, xi, vi, zi (IFEIEFIDORELE, 6 (IHIEINREH
ETH3.

CT BRE LU MRI BUREEICT 7> MAICEREUZ T 7 > MABRHLE
AERZRDRREUZ. TDLT CT B R TORFRIRBIRZEAES U MRI B
BB FRRBED XL ZRE L UTHHEL, 2 TORFRRICDVNTRD .

BONEAEFRZaDERZE(T axial, sagittal, coronal &AM Ti%Et LE—FmE

ETRDIBTFRRK D FEFREZ KT (Fig.2).
Fig. 1, Fig.2

R

Fig.3a-c [C(&, TJ7 > bLAGRET E,FE— axial HNICHD DI FRRDIIFRE
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Z XY, Z AEMER SR UTCHERTHD. EOREBETE Z ARIDRENREASE
 BRETHEORETEDEVESHDIN,RREZOHE(0 mm DAIE)NSEEN
BDICWVERENKSE /Ao Tz, axial D Z AEDFIREDRAZAIFNIN
H-110 mm OE T 0.4T MRI T+1.7 mm, 1.5T MRI T+4.0 mm, 3T MRI
T+2.8 mm Tdhof. XY HRDFEIREFEARDZEAIT,X AETI(E 0.4T
MRI,1.5T MRI,3TMRI ZNZMN+0.7 mm, +0.9 mm, +0.3 mm T&N,Y 5
[@T(&0.4T MRI A +0.6 mm, 1.5T MRIA' -0.2 mm, 3T MRI A*+0.6 mm
EWVWITNE 1 mmEZBX RN .

Fig. 3d-i (& Fig. 3a-c EE#RICENEMN sagittal, coronal EIRDFIERED
FRAERLUTLS. sagittal @A, coronal EINZNEND X,Y ABEDIFETRE
(X, & MRI (CBIFTDERADZEAMLT 0.4T MRI (& sagittal(-80 mm DALE) Y /A
[@D-0.5mm & ATdH D, 1.5T MRI /' coronal(-60mm DAZE)D X SEIT
+0.4 mm, 3T MRI Tld sagittal(-60 mm OALE)D Y BB T-0.4 mm TdrD
. WU T Z AmoFEERE TS, sagittal @A, coronal R ESS(CHLNT
H 0.4T MRINTRHBEREN/NE K HFKTH sagittal D+1.3 mm T o7z, 1.5T
MRI (IERERENKE L, FKX(E sagittal(80 mm DAIE) TD+3.7 mm T
D fz. 3T MRI (& coronal(-80 mm DAIE)T+1.8 mm AKX THhofc. F&

3 &, axial, sagittal, coronal OEAFEIREIWVVITNOFEES X AE,Y /5

12



BIDOFPREDRAZMN 1 mm ZBR I, Z AEOFEHREN 1.0 mm iS5
4.0 mm DEEE EIRDTZ.

1.5T MRI @ sagittal H KT coronal D Z ABEIDIRE TS, EazSOmEDFE
EERELD T 7 > b ABRISEWEDOHIRENKRE <, BifE U TEHROED
PEERI(C AL BATZRARICIE DTz, 0.4T MRI B KU 3T MRI Tld Z ABIDERE
(CIHMESHESND. 3T MRI TEEKICEND THEN AMDEFD KD Z M

([CEELIZDTHN, 04T TIFAETHEERICMHMDED LD Z AEICFELSRD .

Fig. 3

Z

gl

2ARH(C(E0.4T MRINREERENNE L , FEXTEaxial D Z AETH +1.7
mm T3, 1.5T MRI D+4.0 mm, 3T MRI M+2.8 mm &LEER UREHA[F
HBENRUMER /XD 7z, 0.4T MRI (MERMIZMEMN 1.5T MRIMD 57 mT/m
EHAR 22 mT/m e BEHFZEEOREROREE(CEVWTEIITSHSD. &
(C 1.5T MRI & 3T MRI T4, 3T MRI DERIIZEE (X 50 mT/m THDKE
TREWNFEEWDY, 3T MRI TSI —WRE LT, BROAREG—HEDHIEZ

A[REIC T D/ \A A= - ANEMSNTLND. ZD2s 1.5T MRIDHBHK
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SIRERE LD ERIEEEN G D. UM U S, CO L DIMER(CIR> EERZ
BRFE(C T D IC(FX L DFMICHRFINBNETHD.

RAFHBEE S U TE 0.4T MRINRERUVMER &2 D EAIZFRIBE (CR L
T 04T MRINSTI ICREBEULTCWDEERXD. UM ERALES—F2X
DIREBEREL 0.4T MRI T 21 9 T4 D, 1.5TMRI® 3TMRI D 13 23 & LEE L
BRI B 128, BRRIRG C IR EER T 2nENDD. F/-
EURGRRINFE TS EUTE, SEFHEFLTLVRNWIS SR M2/
A XX EDEEIC DN T FEHHIED MRIZBDA L EFITH B 21, RAFRKIE
EHDHDFHMETEH D, ZNETT0.4T MRIA STI (CAWZHER MRIEEBE &
FERY, BHEZSHIHRENRHIMNNETHSD. Fi,#(C, 3T MRI (FIRT7E
EAL TS 1.5T MRI KDBEWEAIFHEE ZRUIZ/Z8),STI (LT D 3T
MRI OfERRIREEN RIE SN .

ER LS —4 > X(F, gradient echo(GR)RDE—T > X TH D, —HRICH,
{ERDODEICDFREZZIIT <, Tz MBRIBIBOERRAA Y F I ZITD
HEERICEALTE spin echo(SE)RDE —T > X XDEHENEPTNES
NTWd. ZDE®, RIS -T2 R%ZE SERDEI—T 2 R(CTDIETH
AFHEER/ NS TEZAEEEN DD, KBR(C Zhang SDRE ' TIEGR %

DI~ 2R ESERDI—I 2 AMEARSH, 3T EBTTNTNDOBREN GR

14



% 0.5 mm & SE % 0.4 mm &72D SE RDS—4 > AN EAFHEEDRL)
fEm(C&H oz, Fz,Watanabe 5Dk P 1ICHD LD (C,GR KD —T 2T
EZ -T2 RCKDRENERD EREND DI, Bt CTERAIT DS - >
A CEHZTHATD2HENDD.

2R ELUT XY, Z BARENENDREZDMERE, X,Y BEODERZEEET 1.0
mm XK@ECTHD,2TDITSITICHBNT Z AEDEHNEREARE Lo/, axial
H COERTIEEDEETE 0 NSEENDICUIZNVWIEDRE LR THD,E
BTN E <IRBDHEICERENHETULVE. CT Bi&k & MRI BHROERENDEHEE
ETEF(CENDND & T D EHMHIRIREE L D BHEMNRRENRB LIRS,
ECZBAEC CT & MRI ZERENDEINCELDN, MESEILZELECE
hehtigsa, EELT(E0.4T MRIT 1.7 mm, 1.5T MRI T 4.0 mm, 3T
MRI T 2.8 mm OFRENE D E(C1R2D. EREDTOEENEEEDELT
B, BEUEOHRBERMIES (CRIHTDICEEFIR<HDIETHD, TDOLISRR
Ba, —EFOEEZEECEREDEEITTCERAKRIREZLEDHEENHD.

/g, EREMRE R (CEIESCIE Z BRI S<KRIRSNTNDEY, Z&EX

il

EREEL CHFZERENEIL L UTERBEHEICRENED. IR, —#%
A7 STI OSSR T3 2 30 mm DOREEMERIEERICH D &, 1.5T MRI T,

-110 mm OALET+4.0 mm, -80 mm DALE THI+3.0 mm DBEERDZ

15



DE @ 1.0 mm PEREEBTEDEEE L CEEBHRADIRELLTELD
AEEENHD. A RS> WTRENDZEEEE 1.0 mm U T EE=n TV
2R, EERECKD 1.0 mm DiREZE, MRI BURDEHDHDFRE CTH D, A
EKFIN(Cmr DEZM(ERSEERE)D/\SYF M IHRedHA RS>0
E%& FE1B3e]gEMEN D D. TDIzs, MRI BIROEHDEE% planning target
volume FRERFDY—Z2(PTV X—22) AR ENMMETHD. £e®
DIEHICHEATSD MRI KE IBIKS — U > A TOEHEE SHFHEIEELT
BLZEFEETHS.

sagittal, coronal MFERTIFBIFEPEFLEPD TRENFLU SRV ENTR
&hNn/z. 1.5T MRI OFERTIE, B E U TR FEFONBRICESA TN K
S(CFREN, 0.4T MRIA® 3T MRI TEENTNEEDEAETE UL FHELENK
DEIRENEDABICAKEZTLIRDTND. CDZ &, STHABENKRERIRTT
BRIC,CT 8KV MRI 1A CHERTERINV—H—Z2ILAICERE L TN ZE%E
(CHELRDELTENY—N—ABEY—H—H SBNTCEEETLEF TIREN
HUBDIELNRD. ZDIHEHFD 3 RTHMHFHZIEELU THNENGD.

3EIDFEFAE(CKD/\SYFE3EDREDDSET X,Y FETIE 1 pixel, Z
AETE 1 ASAARRDAEN 1 EHDEETHD, BIEFRROAEZN

TR IR R A (E, R KMET X,Y AEHt+0.27 mm, Z 5EH+0.57 mm T

16



of. BT Z HRDBREFHHESICNSERDEEREEL D ERE < FENE

EDI\SYFEMERNSZDRE (NS,

fiiam

(T DTL—AL R STI DAEETEIC{ERT D MRI BffkE U C A5
SREDREIRD 3 BD MRIEE (C DWW TENENDEROIAFRIFERE ZREE U
JoAER, 2 TCOERET Z AEDFREN X,Y ABEIDFRE SR UL D RE <G
Jz. axial T Z FEDREFFRERFNSEHN D EEXRE /A0 0.4T MRI T
X 1.7 mm, 1.5T MRI T 4.0 mm, 3T MRI T 2.8 mm T3 0.4T MRI H'&x
EEHNNSLRDTE.

1.5T MRI DFERICEEFIRK D (T, FRES (I AL Ui Tzsh, B (TR Y
—7ZRANWTOWIETFHHIE USENRAVEEEH DD, SEDIRFT DX S (T
SHRRNEOERNIREHCDVWTHER U THE < HENH D

ERAULZ 380 MRIFET(E 0.4T MRIDNGRERENNE LR, SE
S U7z DS FERINEEDH TH D, BRD /A X0 b SR bS KU
BFER CHER (CHIBISNBINETHD. FLIL—LL X STI(C MRI EffZz
EE5WBRICIEEATSD MRI EEROEHDHEAZIEEL TEZENEET

»d.
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Table 1 Imaging sequence with MRI systems

Fig. 1 Structure of quality assurance phantom for stereotactic irradiation

and the coordinate system

Fig. 2 mean errors of measurement points in axial, sagittal, coronal

plans.

Fig. 3 Results of mean error of X,Y and Z directions. Mean errors of
coordinates of intersections in an axial plane are shown in the image a)-c),
mean errors in a sagittal plane shown in the image d)-f), in a coronal

plane in the image g-i.
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Table 1 MRI#REKS—T>X

Fig. 1 RMTEMIRSHRIBEMREIA D 7 > b LADEE & BIRR

Fig. 2 axial, sagittal, coronal @I58 %

Fig. 3 X, Y, Z AEBIDOFIREDIER. =57 a-c (& MRI HE&ERF— axial

HICHDIEFRRDBREZ I UIFERTHD, U577 d-f (& sagittal @, g-i

(& coronal IDFIERETH B.
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0.4T MRI 1.5T MRI 3T MRI
Sequence name 3D-RSSG * 3D-SPGR ** 3D-SPGR **
Repetition time (ms) 30 12.3 11.5
Echo time (ms) 12 54 5.3
Inversion time (ms) - 450 450
Flip angle (deg) 20 20 20
Slice thickness (mm) 1.0 1.0 1.0
Matrix 512X 512 512X 512 512X 512
Field of view (mm) 260 240 240
Acquisition time (min) 21.28 12.8 12.27
Number of average 1 1 1

*3D-RSSG: 3 dimensional radio frequency spoiled study-state gradient rewound acquisition

** 3D-SPGR: 3 dimensional spoiled gradient recalled acquisition in the steady state
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