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- Eclipse treatment planning system (Version 10.0,
Varian™, USA)

- CT LightSpeed (GE, USA)

- 3D EDISON+ (Lokit, KOREA)

- Creator K (Lokit, KOREA)

- MOSFET Detector(TN-502RD-HDR, Best Medical,
Canada)

- TrueBeam STx(Varian™, USA)

- IMRT QA Phantom(SUN NUCEAR corp., Easy
Cube)

- TX 151 Solidifying powder (Oil center research
Intl, USA)
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3D EDISON, Lokit, Korea

Phantom

Fig 1. Production process used to create a 3D prostate phantom, Based on planning CT data and design using Eclipse
10.0, the phantom structure uniform with poly-lactic acid (PLA, density 1.25 g/cm’) material by a 3D printer(3D
EDISON, Lokit, Korea) using fused deposition modeling,
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Fig 2,

Prostate phantom was filled
TX 151 Solidifying powder
(Oil center research Int,
USA) and rectal balloon to
fit into an insert area of a
IMRT QA Phantom(SUN
NUCEAR corp., Easy Cube)

Fig 3. Prostate dose calculation by Treatment planning system

55



CHEHUAMMR| 2 5t5|X| 2015 ; 27(1) : 53~60

151 Solidifying powder (Oil center research Intl, USA)&
A3 gol A FelE BEAT. ARED Relole
welol A AL AFEAL Ao FAY
Phantom< IMRT QA Phantom(SUN NUCEAR corp., Easy
Cube)ol] ¥l F& F7HS Acrylic Phantom3} Z 2| 57H=
Z(Bolus)Z 29| Fol ¢ 2t [Fig. 2]
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/30 Fxo 2 S Fue] HRu RN TL Lelshe] w
A g3k, AP -8 3% 2 A 4 (Planning Target Volume,
PTV)ell th3le] Dosoll W3k, RTOG(Radiation
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ESD)S S35ttt g vhsol AL Fdgh 2o
2 #odato] AR 24341 2 ESDE S8t
SEET Y

2) BAEZAZ7|(Metal OXIDE Silicon Field Effect
Transistor, MOSFET, Best Medical, Canada)?| A&
i Ag

A 10 MvellA] MOSFET?] A& AdAE =437

&8l TrueBeam STx(Varian™, USA)E ©]-&3}¢] 10, 30,
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e e dolrgitt, WA o] Tk abgk(Back scatter)S
7] #J3) 20 x 20 x 1 em® 223 P& (Solid Phantom) 5%
o} &3l 71 9]ol] MOSFETS 470 91X A7tk 12| 7
Z7] $loll 225 7HEA (Bolus) 1 ecm& A A 7131 Aok
10 x 10 cm?®, SSD(Source to Surface Distance, SSD) 100
cm 9|4 dose 10, 30, 50, 100, 200, 300 cGy ol 3]@3}+=
MU(Mornitor Unit) & 108] ¥F&- =243} At} [Fig. 4]

Fig 4, MOSFET Detector linearity for dose alteration (Bolus 1cm, SSD 100cm, Field size 10 x 10)

56



AR @] 791 1 3D TRIE 7|HS S5 FeiMe shto] LIS | HE XA U MRIHNZAT In-vivo dosimetry)of CHEt D&

B

MOSFET detector 3D Printed Phantom IMRT QA phantom

Prostate model Phantom

Fig 5. MOSFET detector A delivered dose was measured in a Prostate model phantom(TX 151 Solidifying powder (Oil
center research Int, USA), rectal balloon) and attached in a IMRT QA Phantom(SUN NUCEAR corp., Easy Cube)
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Table 1, The Organ Volume and Equivalent Sphere Diameter

Volume(cc) Equivalent Shpere Diameter(cm)
Organ Patient Phantom Patient Phantom
Prostate 30.61 31,12 3.9 3.8
Rectal balloon 52.19 53.52 4.6 4.8
Table 2, MOSFET Detector Reproducibility for dose variation
Average measured dose (cGy)
Dose (cGy)
MOSFET A MOSFET B MOSFET C MOSFET D
10 9.82 9.72 9.85 9.88
30 29.18 30.49 29.32 29.74
50 49.68 51.48 49.13 49.37
100 102,34 101,46 101.57 102,48
200 204,35 203.52 205.55 201,69
300 306,75 303,06 308.66 306.61
Table 3, Dose difference of calculated dose and measured dose Using MOSFET
Measure Standard
~ 1 ~e (0,
Organ Average(cGy) TPS(cGy) Difference(%) Deviation
Bladder 134,15 132.3 1.4% 2.05
Prostate 244,00 237.9 2.6% 3.81
Anterior Rectal wall 23351 2251 3. 7% 4.48
Posterior Rectal wall 71.73 70.7 1.5% 1.35
3. MOSFETZ 0| &%t A =2A|g| MEEH a4 =
ANSARA YA U] 2] Z3 ARCPE, ALY, A B Aol 3D TaAelS olgskel A4 2ol )
ey, Aoted) ol Dt A AFS 247 1323 3l YL A zbete] shate} v R X248 H Mkt
cGy, 237.9 cGy, 225.1 cGy, 70.7 cGy & =3 = At} =AM E7re] 2fol = v W] B AL =3 3},
MOSFETO. 2 A 8ld A 103 243 dale] e 7+ F2ke] CT = &3l 92 A5x4 24349 A4
7} 133.9 ¢Gy, 243.9 Gy, 233.3 cGy, 71.4 ¢cGy & SH= o 3D T2 o|&3] e oz A|zho] 75l g 3%
Aom A FA G AMAZFI SHATZFY Aol WF oo A7) AHS AASGL. o]E nlgo s AYA
L%, AR 2.6%, A9 3.7%, Aol s L5%= U wa wele] A4 AR Abe] AEAYE Feat] 24
ERgon FEAANE 2471 2.18,4.01,4.72, 1412 A% 9] & 2= glglon] v 2o 24AH FoA] M| 7127)7}
gloA 71 & HAAE Hel5=31 9T}, [Table, 3] [Fig. 7] 71 FA8 Do W oM o] M sy} 78 27 JElk
o}, g MOSFETS o] 430 X871 8¥ kot Melof
v AFEHE swelel £ & 5 2lgich
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Abstract

A phantom production by using 3-dimentional printer and
In-vivo dosimetry for a prostate cancer patient

Department of Radiation Oncology, ASAN Medical Center, Seoul, Korea

Jung Nam Seo, Jong Eok Na, Sun Myung Bae, Dong Min Jung, In Ha Yoon
Jae Bum Bae, Jung Won Kwack, Geum Mun Baek

Purpose : The purpose of this study is to evaluate the usefulness of a 3D printed phantom for in-vivo dosimetry of a prostate
cancer patient.

Materials and Methods : The phantom is produced to equally describe prostate and rectum based on a 3D volume contour
of an actual prostate cancer patient who is treated in Asan Medical Center by using a 3D printer (3D EDISON+, Lokit, Korea),
CT(Computed tomography) images of phantom are aquired by computed tomography (Lightspeed CT, GE, USA). By using
treatment planning system (Eclipse version 10.0, Varian, USA), treatment planning is established after volume of a prostate
cancer patient is compared with volume of the phantom, MOSFET(Metal OXIDE Silicon Field Effect Transistor) is estimated to
identify precision and is located in 4 measuring points (bladder, prostate, rectal anterior wall and rectal posterior wall) to
analyzed treatment planning and measured value,

Results : Prostate volume and rectum volume of prostate cancer patient represent 30 61 cc and 5119 cc respectively. In case
of a phantom, prostate volume and rectum volume represent 31,12 cc and 53,52 cc respectively, A variation of volume
between a prostate cancer patient and a phantom is less than 3% Precision of MOSFET represents less than 3%, It indicates
linearity and correlation coefficient indicates from 0.99 ~ 1.00 depending on dose variation, Each accuracy of bladder,
prostate, rectal anterior wall and rectal posterior wall represent 1.4%, 2.6%, 3.7% and 1.5% respectively. In- vivo dosimetry
represents entirely less than 5% considering precision of MOSFET,

Conclusion : By using a 3D printer, possibility of phantom production based on prostate is verified precision within 3%,
effectiveness of In-vivo dosimetry is confirmed from a phantom which is produced by a 3D printer, In-vivo dosimetry is
evaluated entirely less than 5% considering precision of MOSFET, Therefore, This study is confirmed the usefulness of a 3D
printed phantom for in-vivo dosimetry of a prostate cancer patient, It is necessary to additional phantom production by a 3D
printer and In-vivo dosimetry for other organs of patient.

Keyword : 3D printer, Prostate, Phantom, In-vivo dosmetry
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