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Fig. 1. Split view showing the registration of the CT and MRI
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Fig. 2. Computed Tomography_Magnetic Resonance Imaging
(CT_MRI) fusion (A) before, (B) After

T

PIENTCP)]
7she o] 9L o1 4 ek B

[e]
Sli= X2 A1E A] build up region?] -
2

it
o

tjo

=)

o M
+

o}

5

&,

2,

< 5

AL

o
-]
N ok BN o off

i)

o, ‘[)’ fll
20t
=]

2 3 2t o ol
£
= e
S N
oo 2
o,
o*.lﬁll_rﬂré_?l;
)
ri—'oc%
oﬁ,l’m%ﬁ
dr = K
ol w
s Mo R
o X
m|mﬂH°ﬂN;'
-
= 2
° N =
mh
ok
e
R
xu) 2

m
H
2
In

{2
=
o T
)
<
o r
2
1o
ok
i)
o
1
1o

1o, A1 of ofo
fr
29
1o
o
M
1o
il
©
lji_',
s
)
lo
o
N
=)
Moo

ojsh} AALS H%:= APt

= T

MY
filo
517
il
E
[
=
o
_I 0
S
X
2
Lo
=
il
k7
=

3 =

& o
E(

55

T o

@3]

T

=

=

B

N

.

o

i

[o

o

J(

g

o
>
1o
o,
:[o
4
Shs
o
1o
i
of
|
uy
>,
[>
T,
tlo o
off
o
oX
ot
%,
1)

Oy 3

H ALoA ALESH= WEL CNC U AL o]8-3)
o] A& A7 279 mm, Z°] 50 mm
=

© & XA AZslArkFig. 3).

o
(o]

ot
o
H
il
&)

= UEF of=E ol A7 285 mm HE 750l 13
W7 S0 o= A== ARt 13709] 2k 932 A
7 29 mm, 22 9] 742 717} 26 mmE $1X19] A&

d& L7ISIel Alsidt o] FARele



PEE 9 431 ABARALH oA AT E G AT G FdeE AT B ARG

Fig. 3. Cincinnati(U.K)it2| V-=CNC 500

A7gsb7] 18l 217 50 mm, %/°] 10 mm

uies
1o
1o
Auj
po
lo o

o) AF TS WEYLE CT Y02 93 85 Al Aof

A5 918l 339 CT number Fho] th& 22 57H=4R]

27 28,5 mm| A2 47152 AUt Fig. 4).
502 #MELS LightSpeed 4.0 RT CT(General

Electric Corp,, USA)E ©]&3}o] 120 kVp, 200 mA,
Slice thickness 1,25 mm& #3531, MRIGARS
SIGNA 1.5 Tesla MRI(General Electric Corp,, USA)2}
Archieva Qusar Dual 3.0 Tesla MRI(Philips Medical
System., Netherland)®] body coil& A3ttt 1.5
Tesla MRI T 2 ZJ29/3<] G4+ TR: 4000, TE: 85,
Matrix: 384x270, Slice thickness: 2 mm, GAP: 1 mm,
FOV: 36, Scan time: 4% 30%%t}, 3.0 Tesla MRI T2
ZFxgAro] JAaSE= TR: 5705, TE: 90, Matrix: 532
%270, Slice thickness: 2 mm, GAP: 1 mm, FOV: 306,

Scan time: 55 20 it}

1. CT number ZigiM Do}
CTol 9J3t G A4 dael=
S AFEdl=d) o] X-Al ZoFAISeF To] glom

HounsfieldgHHU) 2.2 YeRd 4= 9Jct?

K

CT Number = 1000 x HHr e [411]

ﬂw

Fig. 4. for the registration study manufactured phantom by
CNC (large hole Diameter: 279 mm, small hole diameter: 29
mm, small hole interval: 26 mm)

(ew: =9 A gefAl, wi s =89 A gt

IT71E -1000, & 00 2 AA3}e] CT NumberE

A ) B R R =
AP S8 YxF WE a8]al x A9 ofqA]e] 9
E3ity, o]gA 539t HAF UEet HUS WA= ok
-2 A7} QleK(Table 1, Fig, 5).

Table 1. Electron density relative to Water and Mass
density of the phantom insert materials.

Electron Electron

oMoty ooy | ot
electrons/cc) t020)
Brain 1.05 3.393 1.037
Liver 1.07 3.516 1.052
Bone 1.11 3.73 1.117
Adipose 0.90 3.15 0911
Inner bone 1.09 3.652 1.092
CB 2~30 % 1.28 4132 1.252
Solid Water 0.99 3.346 1.002
Cortical bone 1.69 5.052 1.612
Breast 0.96 3.261 0.956
Lung 0.40 1.632 0.395
CB 2~50 % 1.47 4.815 1.458
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Fig. 5. Relationship between the relative electron and
H.U(Hounsfield Number)

2. M| =(Volume)2| ZHZM TI}t

R A4S el AuUE @AA0] PACS (M/ (e
view 5.4)0)4 BASIA(RON] Window Level®] B Fig. 6. A comparison of axial co—registered views of phantom

) with (A) CT, (B) 1.5 TMRI, (C) 3.0 T MR
#& 7431, Auto ContouringS ©]-83t] ¥JoJe] CT

Number §9S 4735t ROI WollA] 22 CT Num~—

Table 2. Structure Diameters and volumes measured on CT and on 1.5 T/3.0 T MRI as reported by PACS and Eclipse system

(@) 15T MRI 30TMRI
Hole No.

PACS Eclipse PACS Eclipse PACS Eclipse

) Diameter(cm) 29.06 28.04 28.86 29.86 29.4 30.2
Volume(cm?) 600.87 680.2 621.4 647.68 686 646.25

5 Diameter(cm) 29.7 29.8 24.41 243 28.71 27.92
Volume(cm?) 668.02 700.24 606,04 589.26 646,64 599.91
Diameter(cm) 29.04 29.02 28.34 26.58 29.71 2892

. Volume(cm?) 668.02 668.02 606.03 6214 646.64 690.14
4 Diameter(cm) 29.51 29.4 31.65 30.64 29.37 29.74
Volume(cm?) 700.24 630.17 728.6 688.63 686 646.25
Diameter(cm) 28.79 289 28.96 29.02 29.58 29.2

° Volume(cm?) 630.17 630.17 606.03 589.26 686 645.25
Diameter(cm) 292 289 27.65 28 .44 29.6 30.1

6 Volume(cm?) 593.87 705.27 600.03 589.26 666.25 666
Diameter(cm) 30 31 30.7 31.04 29.44 29.88

/ Volume(cm?) 700.24 630.17 639.2 647.6 61991 646.25
g Diameter(cm) 30.75 29.12 30.94 31.44 30.04 29.54
Volume(cm?) 700.24 701,24 606.03 688.63 666.25 626.64
Diameter(cm) 29.27 27.54 2781 27.78 29.17 28.79

? Volume(cm?) 668.02 630.17 567.79 566.03 710.14 690.4
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Fig. 7. Relationship between the relative electron and H.U(Hounsfield Number).
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Table 3. Comparison between CT and 1.5 T, 3.0 T MR Diameter

Diameter True
(mm) (29 mm)
Min. Max, Avg. Diff( %)
or PACS 28.79 30.75 29.48 1.7
Eclipse 27.54 31 29.08 0.3
PACS 24 .41 31.65 28.81 0.6
1.5T MRI
Eclipse 243 31.44 28.79 0.7
PACS 2871 30.04 29.45 1.5
3.0 T MRI
Eclipse 27.92 30.2 29.37 1.3

Table 4. Comparison of small hole volume contoured on CT and 1.5 T, 3.0 T MRI with axial views

Volume True
(mm?) (660.18 mm?)
Min. Max. Avg. Diff( %)
or PACS 593.87 700.24 658.85 0.2
Eclipse 630.17 705.27 662.61 0.4
PACS 567.79 728.6 620.13 6.4
1.5 T MRI
Eclipse 566.03 688.63 625.31 5.5
PACS 61991 710.14 668.20 1.2
3.0 T MRI
Eclipse 599.91 690.4 650.9 1.4

Table 5. Minimum, maximum and mean doses normalized
to the isocenter delivered to the CTV delineated in CT and
CT_MR fusions

Plan T | \Ritusion | VR fsion
Volume (cm?) 40 40 40
Min Dose ( %) 95.9 93.1 96
Max Dose (%) 102.1 101.4 102
Mean Dose( %) 99.7 98.9 99.6

Q12lo] EMl E-& 40 ccollA] isodose curve 95 %S Wt
5k A2AEYS EYRE 3 AT Aol A
= 34 959 %, 2 102.1 %, Hat 99.7 %2] X}olE K

1.5 T A7|38 G 3ol 24 93.1 %, 2 101.4
%, Bt 98,9 %2 AtolE B, 3.0 T A58 %/l

38

A 4 96 %, H 102 %, Ft 99.6 %2] Z}o|E Hlch
(Table 5).
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CT and MRI image fusion reproducibility and

dose assessment on Treatment planning system

Department of Proton Therapy Center, National Cancer Center, Goyang, Korea

Byeong Hyeok Ahn, Jae Hyeok Choi, Jae ung Hwang, Ji yeon Bak, Du hyeon Lee

Objectives: The aim of this study is to evaluate the reproducibility and usefulness of the im-
ages through the fusion of CT(Computed tomography) and MRI(Magnetic resonance imaging)
using a self-manufactured phantom. We will also compare and analyze the target dose from
acquired images.

Materials and Methods: Using a self-manufactured phantom, CT images and MRI images are
acquired by 1.5T and 3.0T of different magnetic fields. The reproducibility of the size and vol-
ume of the small holes present in the phantom is compared through the image from CT and
1.5T and 3.0T MRI, and dose changes are compared and analyzed on any target .

Results: 13 small hole diameters were a maximum 31 mm and a minimum 27.54 mm in
the CT scan and the were measured within an average of 29.28 mm 1 % compared to actual
size. 1.5 T MRI images showed a maximum 31.65 mm and a minimum 24.3 mm, the aver-
age is 28.8 mm, which is within 1 %. 3.0T MRI images showed a maximum 30.2 mm and a
minimum 27.92 mm, the average is 29.41 mm, which is within 1.3 %. The dose changes in the
target were 95.9-102.1 % in CT images, 93.1-101.4 % in CT-1.5T MRI fusion images, and 96-102
% in CT-3.0T MRI fusion images.

Conclusion: CT and MRI are applied with different algorithms for image acquisition. Also,
since the organs of the human body have different densities, image distortion may occur dur-
ing image acquisition. Because these inaccurate images description affects the volume range
and dose of the target, accurate volume and location of the target can prevent unnecessary
doses from being exposed and errors in treatment planning. Therefore, it should be applied to
the treatment plan by taking advantage of the image display algorithm possessed by CT and
MRI.

»Key word: Computed tomography, CT, Magnetic resonance imaging, MRI, CT-MRI Fusion,
Reproducibility and dose assessment
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