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Table 1. MR Parameters in Each Pulse Sequence

PARAMETER  3DMPR T2TSE T2 SE T1SE
TR 114 3500 2000 500
TE 2.1 98 90 12
FOV 25cm 25cm 25cm 25cm
Matrix Number 256 %256 256X256 256 X256 256 X 256
Slice Number 124 56 56 56
Slice Thickness 1 2 - 2
(mm) .

Average Number 2 2 1 2
Gap no no . no no

Table 2. Phase and Frequency Encoding in Axial and Coronal Plane.

Axial Coronal

Phase-encoding
Slice-selection
Frequency-encoding

Frequency-encoding
Phase-encoding
Slice-selection

N <

(Signa 1.5 T, General Electric, Wisconsin, USA). 4
A Bato Al A Lshe W FUT o 4§ Leksell
Zhehol ZEG-ZH & B A3 oGS ddit) o]G-
=9l FdA fel2 AztEe a Ade sl e
CuSO48-He] EAeNAE Y 2R} 9lejA] e <]
Aol F7HA el A7) ek 4 gl =& AlRtE o (Fig. 2).

A7) %9 344-&3 D MPRAGE, TSE T27%%94, SE T2
Z44k, SE T17&dAE 44l 24 FxadgelAe] &4
W E13 25 (Table 1), 3w G4k} Ak GAabolA
o x5 y& 25 WEY| Ty s
& ¥29 #ri(Table 2).

7

i

S Ao YA AA A= dubR e A
2] 79 9l 3
72718 7oz Asgkel. ARSI EEd S Imm AHFA
Imm A2 yAA o ofARE dgir} odofal <4k
DICOM(Digital Imaging and Co mmunlcatlon in
Medicine) 32122 xgtE]oix] G444 D AL A (PACS

4

A2 AAA = Aitsta 234 S 4

2

)
e o2

Fig. 2. The r-knife G-frame for MRI. Note the N shape
fiducial markers (arrows) in the frame which are filled
with CuSo4 solution.
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R ECICEELEERIE RS E B C EIEE 3 X
3 B Aol 247 SAaeE, ol 4 2y o)
o AT gohtel 2G2S A¥INAE FoE 24
H3ch, me] Fof Aole] Az AES AUFFIRAL
AR RS E ) 4 ol ke 1ol A
grom Alol, 2 AV gHde) Baddsh G4 W
7 skate] 1Al 8] A2 AR ofzde) Hegzhe] Azrh
71%0] B CTAS Aelo} vlmate] Aokt Aol A g
ENEERL EPEESE SR T

7} ojake] mbskyl PAddHg 7 e oale ogxoy%x
=gl PUE SAIAE, Z2ashtel Aol o
Agozs AAeA A A5 3

[
b

= (a4

oMol o F-EAALe] A7} Hlof) sle ARE FalA, 94

o 744 A7) Arrt A AU AFFAAE V1E

02 g gate 37 g3 Are Ar|FH e 7 Ha

Az Az 45670 B2 124709 AHA S dtez
A= (Fig. 3). :

271 g g ake] wheka} Ao 2 dojzl A5 & paired

student T-test® &3te] 5%, 29 37t 52 Hx9
BEd A4, AR Feba, ke $A 7kl
A 3] Axrt Aolzk A, 24 BN ae o] A
Z7b Aok SleAl EAMstdAnh. Adwls A 93 ¢
Aupgro 2= 747k R L Fabey-a s are] et
A A el v 54 @gtet, '

B i e’ i

Fig. 3. Coordinates measurement of the acryl bar of the
phantom for MRI on the r-knife workstation. Note the
distortion of the upper margin of the imaged phantom
{arrows).
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Table 3. Fiducial Errors of G-frame on MR Imaging
3DMPR T2TSE T2SE TISE
AXIAL
Mean {mm)| 0.3 0.3 0.3 0.4
Maximum (mm) 12 0.9 0.7 0.8
CORONAL
Mean (mm) 1.5 1.8 2.1 1.8
Maximum (mm] 10.6 10.7 107 107

Table 4. Errors on MR Imaging of the Phantom, Transverse Plane

N Abs.Mean Min. Max. Std. Deviation

(mm)  (mm) (mm] (mm)

SDMPRAGE x 175 020 08 110 0.264
y 175 025 08 090 0.313

T2 TSE x 175 018 08 0.60 0.217
y 175 025 08 070 0.288

T2 SE x 175 019 06 040 0212
y 175 025 09 070 0.298

T1SE x 175 021 06 050 0.241
y 175 026 -1.0 0.80 0.304

Table 5. Errors on MR Imaging of the Phantom, Coronal Plane

N Abs.Mean Min. Max. Std. Deviation

(mm) (mm] (mm) {mm)

3D MPRAGE x 175 0.26 -1.00 0.90 0.31
z 175 0.30 -0.90 1.10 0.36

T2 TSE x 175 0.20 -0.70 0.70 0.23
z 175 0.26 -0.80 0.80 0.33

T2 SE x 175 0.22 -0.90 0.80 0.28
z 175 0.29 -1.00 0.90 0.37

T1SE x 175 0.21 -0.90 0.60 0.25
z 175 0.29 -1.10  0.90 0.36
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05). g GAollA] 2 Haddd HE 37t
N3] A} Apol7} vp=R] 8 EA A& ookt A3r) st
t}. 3D MPRAGE: TSE T274z%4 (53 p(0.05, 42
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2L 1x

)
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(Fig. 4). 3D MPRAGEZ} t}& #2<d4f9} vl asted F7kgte]
Boh0ol 7P Ee] 2% ¥olel ke EEE Byrt
(Fig. 4).

olAel AnE gokstd Add gAae] A AM3D
MPRAGE7} o}& g4 ¢} vl 23] Zhxfe]
Az HF9 HErt 7 Aw ofhE Zadde) vwsA
Aol 7} gl Ao EAE 2y Ak dake 2tk
Hrodd] 2Rl 304 439 Hre AdFE 0.3 mmeo]
slol 2 HUiZtE 1. 1mmE 9A wsk}.

s o] A 27 gE Aol Ry 2hzte]

Fig. 4. Distribution of spacial errors
of MR phantom study in each
pulse sequence. The central boxes

mean mid 50 percent range of the
errors and the longitudinal bars
mean 90-percentile range of the s-
pacial errors. The crossed bars in
the boxes mean the median of the
€ITors.

a. Axial plane. The error range of
3D MPRAGE is different from that
of other pulse sequence in both x
and y-axis. The median value and
error range of 3D MPRAGE is
more approximate to 0 than those
of others. b. Coronal plane, The x-

axis error ranges are not different
between each pulse sequence. The
z-axis error range distributions are

diverse. The error distribution of
3D MPRAGE image is similar to

that of T1 SE. The error range of T2
TSE is similar to that of T2 SE.
Differently to axial plane image, z-

Axial
X-axis Y-axis
8 6
4 4
2 2
§ 0.0 :é_ 0.0
w w
-2 -2
-4 -4
8 -8
3D MPR TSE T2SE T1SE 3D MPR TSE T2SE TI1SE
Qa
Coronal
X-axis Z-axis
6 6
4 4

0.0 4

Error
Error

] -

axis error ranges of T2 TSE and T2
SE are more approximate to 0 than
that of 3D MPRAGE or T1 SE.

3D MPR TSE T2SE T1SE

SDMPR TSE T2SE TI1SE

- 10 -



ox

b jo o i

A s Fa FalA T4 g3
A7) EH AN E BE Bl
Atel 9] Tk A xS Aol FA
FA ) (p)0.05). FAa
uigke]l futenl FulpR 5 s}
o] A FAHLE {7 o]
A gArellA 7 Haoid MR
ol 7} vhexe) ¥4 A ekt A3t
Al e FHA LN 2 Hads] 7
Aoz FAEUAR(p)0.05). FAAFo*
¢} SE T17&34e] Aol7t gle A2
7z kst SE T27dz g Ake] pol7} gl A2 #4HU}
(p>0.05). 28yv 3D MPRAGE® TSE T27%x%4
(p€0.05), 3D MPRAGE$} SE T2742%34Hp<0.05), SE
Ti7r 2343t TSE T274%2%94H(p0.05), SE T174E34+
SE T27%z244H(p(0.05) & A2 A=A, ddd
oixl—;,].!:- | #atg Al s 3D MPRAGEY SE T17
z3 At TSE T27EdA s SE T2 34 334 9
‘—r«] Pz FFAAA00] 2k Fhe £EE BHFig.

it

fo of fr
o

o.u.i.m

4 o

5 o
oL
oSl
o)
=

i
Ot
%)
i
iy

2 ol
e 8

o o
=
N
- 0
pr o L

IR it

2L
N
2 ol
i
o
o

=2
ol
o
ox
off e

_{
S, o
e

N
3
2
)
~

]
~
S

o
<

H
to,
o -
i
N
g
N
M

o}-,]
=
I
f\‘l [y
2
°3~
-4,
2
>,

= r
F[F o}m

4
3D MPRAGE
p0.05), TSE T2

/\_l_4

9.

B Japael A3e gopid, Bade Bl A
2o 24¢ B8 TATY BHAAE YR 94T Yol
TSE Toz%4 SE Tzl 204 439 457}
a% Aoz AR B4R JANAE THA 939 4

HYF=1. ImmS dA 49k
A Aol

& A 0.3 mm °lsgx
= ngmz}oﬂ g T4 3 A=rt
& ZsE 2yl

o

AP BN F2E et TAATE 2A) A2 T
$9 B AAAAL 994 2P e B
24 A71Re) 2RUEA g4 B4, o3 FAA AR

rlo

A ee M 28 24 39 S ANAAY B8
FRYA $e GAIAE 9AA5E 44 LoI5mmel o] 2
AR 05E 29T 4 305 (4). olT A AT
4 Y golt AR 2} £ e AR 92 AAe] A
HH o Al ool FAL 4 Qe 44T (1), o)9olE 5
ARt AN ATLY S5 TAH A2E 2dske Do)
o 22 1980 W FUs 1990 Ao 2ol AH 24 BB
AARA ) %6 2 s Fel} e S A7)
qedake) 204 42e 2] 92 BE 47 9T
8) ol2i% A0S Ahe 29 WY T2l ols) 24
of o} TR 920 AL A TR AelRE 7144 AuT
rel

WA GAE F3A7 9RY 44 A

3o, 2eu e F

1m

x
0
A0
o=
P
r'E
ml
:
).
i
o
do
o
p.l
N
oH
o§
o
lo
ok
]
i
£
JH
jo
A%
04

A glo] W& £ 5 e 77

Vdi‘ﬂé (Frehtel Z)2 = 4

< B33 f5te] mmas ols 2
JﬁLﬁPE} (9). SAsFEglA ¢
At A1FH 44 32 X# s =2}
1.5mmE A golol stv] 735 weko 2= 2-3mm $Folth
(10). '

AARES] ol AdelA A FE e A PP
(matrix number)& Z&3td FA49 =7 0.98mmE,
Az G A rslmm o] FE22 AZ4H, AY
o Asolld, ek FAolA] R FAAE o] 43l SAH
oake A FFe] 0.3mmelA 0.4mm®] FEH T ok
©10.7TmmelA 1.2mme ¥EAch =¥ AFE F3o] T
A 32 g2 AR Hato] (0.26mmuegE e
Ulmm7} 71 2 gelglel. 3D MPRAGE, TSE T27x%
Ab SR T7+x94k SE T17429A 59 ol A oA A}
3 245 Faddd e Jdw A FR IS, AR SAE S
gk 2o 77]st dwhy °i 1A= E HAATe e sl
A A7) 5 G LA EE Fekstd S8 e AR
Ae A AUz ez, %‘*& o F Fvhjolze] HAHE
Al EA7 98 AR LARE dE ¢ 5 A #
g Gkl e gk SAT sl FAA =] A=

n:E
_>L
fiied
=
2l
(o
L

o Aol= EARLZ fuls} gl £E0IUT T4t
B SRR PPEEINF 2AVY DT R
AN FARLE Aol gl AL $HHT 99

N

% H2d4 % 71d 3D MPRAGEZ}L 7H 2547} Al v}
%éfﬂéﬂﬂ} s BAH R F3 Ao} ole AL
o] wejA ztehje| 2o} QIabd ALof 71 & Wt
ol Aoz ARG, Walton®E ZHAHL 53 27)
Aol M23-d #4320 AAREE G4 FolA3Ad Lz o)
7o) F7HY 27} Ada Rugled (11,12)
gate) o)Wl Ag e Aol Zghe},

A %*&L 2}71%“3"3%41%1 AFEAAE F3l
7ol 1.5mmelAl 2.1mm< ¥
a A4 10mm7}t dsict. o] e
|24 2L H9le) F7bA A mo} w]wate
| ASHAl TR Ak Zuie] 24 A8
317 ol M dalA] eivka webEoh ey ZyAl
T B ke FA 47 A g5
ol 43 A g AEohe WA Aelrk UL
A7 mm &4 o]she] oI BE B4
A Ho i = 1immE GA skt 244
U gojo] AT e X IANAE ELR AEAE Ao
2 EFAAQ S3FIAAY F0A dFo] ek o] AE 7
o2 AaAe 2P T 43T 27T FUA 9

ofd [> W rfu o
r-]n:

o
S ool rﬁ,
2,

o

o,
b
s
o o g %F 2
o2 e

o2 1 of
EL
tle
3!
rla
g:

ox
1o

flo aju of

¢

lzl_>.:

2 L i
2L
L
_ll-.l
rlo

io}mé
o 9,
£ oo -

et > e w)y o £l S oo
+ fu
F“‘ m]m H
e
a2 o
P
M,

o, B uo¥ 4> 2 o B e

dlo Hy (o o

1p



Aoz ¥k Zojate] o A& 7|E LR FA9
AHA AR gl A Weld A3E By Aejr} 1
3 M E 23 AgE Fato] 7l 3244 43
> %%ﬂd g3} vl A Hoke Aels} glddrh. ol& ofvtx
Fabd gake] 7k o Fo] dAF FAME AYHA AlA|
] LAF A7) webA ARG FAX S AURA b3
YR FNAE 71Fo 72X 2y 9o FrT A
TFAAE AUHA AA A9 247 A7)A fet, B 2%
od, 2yuUe Bt Ajedle 2o B 98-S vxA|
ghe Aot} weka] JAR dAfe] B E b Al b3
F2HA g Fo] wo| A7ARE Fhrhde] 49 G-Z 3l E &%
d4E GA HH e FAAE 7z o R A A e 2
o gatiatel FAALR YFHA FHol G-ZH A

= 28 G JAE AX2 FARMN ¥
S AR BAE= AHE /M eda AR
oA Bl wAslE A7) 27| g Ak HA
st whotEdd Wk 224, o|FA FAH o
25l Ag3iviee vlad A
°] d Zleleta 7"}, Walton 58 A%
Aol ME3294 22 do]e & de 70]2
Q= A7 v sl ZHA 93] Arky
o] ol A& Az}e] o[ Aol Aol D3ic) (12).
ol A BAbE JAakelA 3D MPRAGES 22 Ax9
o] =2 AZRHSIRE AT 2318 H+
Z9x2 13T o 3342 golHE gt Au 9=
2229 AZEFFAE st (12). o] AFg o A
3% gt el Azfelm of2 3 Waltonse] A3
17} ek, AR g Ak Apo|rh LAt B

SRR AR E AT A FHo] 9h=AY
7} o},

E]D]—U:] o:Ml:‘l} r,}-ALu:] ogx(]-g,} :[\_yg-r c‘I:_;d
ﬂ Febs} glaby-ssiubefe] b 2
#H2u P TEAAR gobst Jddn
A o] AxE v wapy FIAAE o]
> o o] 453 Az, 2y
A& °l B3] P T AL s FAA A
A7} AA AHolr}t ¢lleh. A AE vl 3dd
a2 £)4%3D MPRAGER A4S oA zhuji}e]
Ag st 7ol 714 ulEA " o2 Bl
—4 ol AL Frx FAHE Aed £4 ol=
22 AP AFE A AA A4 5 o=y F
] 4e = glt}, 2552 A$ olmd n L A} &
23 MRI 3344 oh& dejo) A3 713 5 9l
ey A o A % 2 rygoz g vE A

e

3]

anl‘ri‘rﬁnzlﬂo
44&?‘3500
_P;"m
J}dzi
i
N

N

oX

1o o
B wu to e
B Rt A
M o
Y oL

Y 2

=

o

{8t

(=3

(R

N

o
o%i‘g
O'_‘_, om
R

>,
ST
0>"

NE
I N )

r.\:.&n
_11-1

Loy

li'rﬂ.

>,

£ o it o 2 Mool © [
1o
-{n:

éoﬂ._l

ok r—{u’. FM
R
o

= 2
o g
£ % ok oft otk

_( _4
i<h

& =
~{m

4
-

-
)
=
i
Ly

W 4]

1-4 ol IF

+

o

m
)
£
)

o.,_.m
F
- L%

b

4> o2 1o fo ofy
!

_1_4N’{)’

* mlo

m]m I-C!

A

o
—

NEL‘_&U%LNE,_NE

fre
)_\J
o
o
2
J
24
fo
fu
it
oo
lo
it
iy
N
£
e
>
e
il
rlo
>
i
il

Mo HE g 7|sled =¥
o] & AoZ A=Y, e} off DAZ A FARE T
e 1Y E3lel MR 37t 5ol gk

Hop g AE Gyt 928 Rog AAY oS dAA
] 4828 GE 1.5T Signa ScannereiA 43
o, o 19 éi’%‘:— 5 75l w3 frEsid g
MR 715‘—-4 HAY A e R A4S M e dE
MR 715§ 53 é‘d"] g 7olt},

o
t
R
Y
it
do

o3

Qo4 CToIAS 3 PIE 40 sl OTe o1 o
o Q7lA (1, 2) T4
923 YA 4] 4%

HAAASE, 5 Avhtolze] o] 3T Sl A7) 5
o 224 3 Fe DAl E Zrhto] 2o G-
9o S¥EAA 2% ZHo} 2y 4E B SReIA
) Agnch Aoich B Gl
& O3 T S

FULAAE ALY 959 AEA 5495 251 )
: 3 942)3D MPRAGE7} 37
b HolA zhehbe| 28] A gle]

o] JAPPEE AGTE Zlo] AR HRYE Folk A £

it
[
Mo
rat

1.Peters TM, Clark JA, Oliver A, et al. Intergrated stereotaxic
imaging with CT, MR imaging and digital subtraction angiogra-
phy. Radiology 1986;161:821-826

2.Boethius J, Bergstrom H, Greitz T. Stereotaxic computerized
tomography with a GE 8800 scanner. ] Neurosurg 1980;
52:794-800

3.Moerland MA, Beersma R, Bhagwandien R, Wijrdeman HK,
Bakker CJG. Analysis and correction of geometric distortions
in 1.5T magnetic resonance images for use in radiotherapy
treatment planing. Phys. Med. Biol. 1995;40:1651-1664

4.Schad L, Lott S, Schmitt F, Sturm V, Lorenz WJ. Correction of
spatial distorsion in MR imaging a prerequisite for accurate
stereotaxy. JCAT 1987;11(3}:499-505

5.Thomas DGT, Davis CH, Ingram S. Olney S, Bydder GM,
Young IR. Stereotatic biosy of the brain under MR imaging
control. AJNR 1986;7:161-163

6.Wyper DJ, Tuner JW. Patterson J, et al. Accuracy of stereo-
taxic localization using MRI and CT. ] Neurol Nuerosurg
Psychiatry 1986;49:1445-1448

7.Kelly PJ, Sharbrough FW, Kall BA, Goerss SJ. Magnetic reso-
nance imaging-based computer-assisted stereotactic resection
of the hippocampus and amygdala in patients with temporal



HEe BAMEE AAUS St AIZHAMe| DA ohTo| £F

lobe epilepsy. Mayo Clin Proc 1987;62:103-108 11. Walton L, Hempshire A, Forster DMC, Kemeny AA. A phan-
8.Cho ZH, KimD]J, Kim YK, Total inhomogeneity correction in- tom study to assess the accuracy of stereotactic localization, us-
cluding chemical shifts and susceptibility by view angle tilting. ing T1-weighted magnetic resonance imaging with the Leksell
Medical Physics 1988;15:7-11 steretactic system. Neurosurgery 1996;38:170-178
9.Guo WY. Application of MR in stereotactic radiosurgery. JMRI 12.Walton L, Hempshire A, Forster DMC, Kemeny AA.
1998;8:415-420 Stereotactic localization with magnetic resonance imaging: a
10.Rousseau |, Clarysse P, Blond S, Gibon D, Vasseur C, phantom study to compare the accuracy obtained using two-
Marchandise X. Validation of a new method for stereotactic lo- dimensional and three-dimensional data acquisitions.
calization using MR imaging. JCAT 1991;15:291-296 Neurosurgery 1997;41:131-139

J. Korean Soc. Magn. Reson. Med. 4:7-13(2000)

Assessment of Imaging Distortion in Magnetic Resonance Imaging for
Stereotactic Radiosurgery: Through Phantom Study

Sun-Won Park!, Moon Hee Han', Dong-Gyu Kim?, Hyun-Tai Chung?,
In Chan Song, Hong Dae Kim, Kee Hyun Chang

Department of Radiology, “Department of Neurosurgery,
Seoul National University College of Medicine
Institute of Radiation Medicine, SNUMRC

Purpose : To assess the distortion of MRI with the Leksell stereotactic radiosurgery system in variable
pulse sequence and imaging plane through phantom study, to find most adequate imaging plane and
pulse sequence for stereotactic radiosurgery system.

Materials and methods : We made the phantoms for MRI and get images in variable conditions and ana-
lyzed the image distortion using image analysis program, and statistically using paired student t-test.
Results : The transeverse plane images had acceptable error ranges (less than 1.5mm) in all pulse se-
quence in both the analysis of fiducial marker in stereotactic G-frame and the phantom study. The coro-
nal plane images had unacceptable large errors {more than 1.5mm) in the analysis of fiducial marker in
the stereotactic G-frame, but had corrected small errors {less than 1.5mm) in the phantom study.
Conclusion : We find from the phantom study that the present MR machines are adequate for stereotactic
surgery system in frequently used pulse sequences, and imaging planes.

Index words: distortion, MRI, stereotactic rediosurgery, stereotactic surgery,
phantom study.
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