oM 7 FU¥(Scalp) A
M3 Wax BolusS 0]-83F AR &

HoIAD- 2

BRI -

=

i 2ot Bolus MESS| HEe=

=
oHAREEE AR

o|x, AMeiiialls, BMtES
IRk X|=2 A
Mare

(B jrmm

fon
[0

=1
—— O

Mosfet(Metal Oxide Semiconductor Field Effect Transistor: USA)E 0|23l

[ |
2 S50l

x7{o

=40k

CT Zo|x|=2Alu}t Sst

=
Q
X
o
o
e
u

=
|2

|

S{ODHEIS
DEMEHS

4401 BallAlZ! = PLA 3D
0 Portal®| Intensity—Modulated Radiation Therapy(MRT)Z MIRSH, X|=
200 cGyZ eclipse?| Analytical Anisotropic Algorithm(AAAYS AZSIICE 1 & EBT3 filmzt

DICOM file2 &55t0,
HIEL paraffin wax2 =
EMHO| PLA 3D o2 K|

f

A%l Lo 21

M

NYUBS MAlBIISD,

o= =2

XHSt5H IMRT Plang SX5I3LC
2 1} CTHOIM SEE Bolus2| Hounsfield unit(HU)= 52+37.122 LIEHGTE M3 wax bolus
B, COflA| TPS2| MZE 186.6 cGy, 193.2 cGy, 190.6 cGyL 2 SQI=|T, Mostet2 2 33| Z&{ot

=

=

x|
[

A

o ’
M2k
LOL—

179.66+2.62 cGy, 184.33+1.24 cGy, 195.33+1.69 cGy, 2AI=EE —3.71 %, —4.59 %, +2.48 %Lt EBT3

Fime 2 EXN= Mk

Ol— L-_O -
+0.23 %, +2.83 %= SIZ|RALC,
=

==

104

Y

(]

A
e
7

12t

Rall0Y- i (O

—

3=

0
o
g 2

r

v

XH
At

[e]]
[=]

AL B, Sewzitstm
A1 42| BT HHZ 74812 50

Tel: 031) 249-6404
E-mail : ktkwon@dongnam.ac.kr

1 M3 wax bolus= 2 cm@| =2 MR | B2o| MzkS

Cl. X|2MZF ZZ0l|A2] EBT3 Fimz} Mosfete] AMZEA|2| A, B, C EXZUOINE Fo|o| BH

5% O|Li2 SHE[XCH, YHNMOZ 3% O|LiZ st SFERICE M3 wax boluse Mt
|

3D Printer=ICt #2101 HIE0| XMEHSIHH, MALE 7tssta, QMZE2 S7tE2 22 M 7| 4EEY

182.00£1.63 cGy, 193.66+2.05 cGy, 196+2.16 cGyO|HCH, LAIE2 —2.46%,

2ot g "=0f Xz A=lE

7
20l 01 25t BolusO|C}, m2A 3D Printer?| CHE2F Bolus, Compensatorl| HM|ZA|ZH 2! H[20| H|

=]
=ots 2 M3 wax bolus2| AlE0| F2 =itiE W2 Af= &Lt

SiAE0{: M3 Wax Bolus, Helmet, IMRT, Mosfet, Gafchromic EBT3 Film

=

75



HehgARA R 2818] %] 2019 ; 31(1) @ 75~81

o8}
]
g
fu
o’
ol
o
o,
rir
Z
rE
o
i)
o
ﬂ
Rl
ol
2
s
r)v
&
N

o] 7hset Al7HE
AR E(VMRT), EEAE}(Helical tomotherapy)
o] ARgE|L QItE6O Bolus®] K2 Filof] F-Eet A%
= A5l flsto] MY 2ol =2 AREEH I I A
E+= Gel tessuto—equivalente, Paraffin wax, Vaseline
Gauze= Ux7}1.03, 0.9, 0.85 g/cm? o2 I et
ZAS7HEA 7P F-AFSE Gel tessuto—equivalente

7] 90} ol BolokA] HBHaL air gap= WIAIA
= ko] 9Jal, Paraffin wax,
=4o| H|ste] W=7} Ho
] AlZto] Tol Am|Eal, A 2t
t}, o]o]] Ffolli= of=e B B
2ket 3D Printer-§ @HE bolus7}F AlAEAL QIrt® H
& bolus9] 7V4 & CT EOX| 7 Alo]| Aol A|
aFo] glal 1A8AelH, air gapo] WAYSHA] ghethe A
oft}, SEAYE ARgE]= Q] PLAS] Ui= 1.2 g/em S
&2 22574 vlel] 52 dEE 7HAAL glom 2}

o

7F ARlE AHEElal FAMIollE v Heeto] &t
1 &
-

PN
o=
>,
=
il
=
!
ofo
)
rE
N
oL

i

T o
oL

o 1|
N

]

o
N

Vaseline Gauze
A ERfof| A A

ApelA ALE=

X orr o
d

¥

>~
~
r\l

e g
e o

a2,
oft

—

S

o

)
rlo

Aol AR} oo 9-2]= 3D Printerg |83 Tt
SHA] k1 FASTHEA] W7} 1.05 g/em?l M3 wax
bolus(MWB) &S A &fslo] oA FulEd-S A 5ok=

Y Aws) B3} et
A= X T

A
ANY MWB AZa4L Fig, 13 2t AN

1, &os MWB C|xtol
’E = AN
B9YL 53] 9te] FRAIA LA

3
MWB2] =
(Rando phantom: The alderson radiation therapy
phantom—300, Radiology support devices INC., USA)
2 Computed Tomograhy(CT: Light speed RT16,

76

(c)

Fig. 1. (a) CT scans of Rando phantom (b) Acquired Body
contour and PLA Bolus contour (c) Obtain STL file (d) 3D
Printer (e) PLA printout (f) M3 wax bolus

General electric, USA)Z #9359 Digital Imaging
and Communication in Medicine(DICOM) fileZ 2]
5ok, ARo) et A4 A&k Q18] Treat—
ment planning system(TPS: eclipse 8.6, Varian Med—
ical system, USA)Z A435FAT}, TPSolA] S| 9o &l
o] YAk F-9E Helmet contour® Fig, 29} 70| F#3]
oAl 2.5 cm 7] FC & 0.5 cm®] FAR AZSGAL W
9] 2 cms> =% A2 3D Printer PLA A|552] Wi5te]]
MWBE TE3F o2 A4sh7| flsto] HIF=irh Hel-
met contourE 3D fileS! Stereo lithography(STL) file
2 H3lsl7] 98te] 3D Slicer(Slicer RT 4.4.0, 3DSlicer,
USA) program®l|4] importa}it}, ¥2H-S vzl Helmet
contour STL file2 3D Printer(3DP—310F, CUBICON,
Korea) =83 2 1991 ubicreator(Cubicreator 33.6.4,
CUBICON, Korea)= ZA&3alct, AEH STL file>
Table 13} 28 270 2 Z8w|QlthFig, 1,2, Table 1),

M
=94 PLA 3D @H9] YHE 2 kg MWBZ A-97]
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Fig. 2. STL file made of 0.5 cm outer wall 2 cm inner wall

Table 1. 3D Printer Output Condition

210 | Mernalfill 00
density

Discharge rod
temperature

Floor temperature 65T Rear height 0.2 mm

Chamber temperature | 35 C Output speed | 100 mm/s

Material PLA

Density 1.2 g/cm?

Table 2. Properties and composition ratio of MWB

Density Melt_lng Mass Contlg,
i) point (9 Ratio
(9] (%)
Paraffin
0.90 40 1538.6 76.92
‘wax
MgO 3.58 2852 447.0 22.35
CaCOs 271 1339 14 4 0.72
M3 wax 1.05 - 2000.0 100.00

Fig. 3. (a) The paraffin wax (b) MgO (c) CaCOs (d) The
process of mixing magnesium oxide with calcium carbonate
in paraffin wax (e) MWB dissolved (f) Process of cooling and
cooling PLA casting mold with MWB

Fig. 4. (a) CT scans MWB with Rando phantom (b) Dose
distribution calculated by IMRT treatment plan

915}, Table 29F 22 £719] HIERE 70 T 2&=0)A]
paraffin waxg =% & A3H0u|sE, SibEdE-S 410
Lo AFLE |8lE MWBE Aol 40 T71A] A3 o
Fig. 33} o] PLA 3D &H1E] WjHof Wil A5]A] Z3ict,
oA 2= MWBE 253517 918l 39] PLA 3D &
Bl& A ASHITH Table 2, Fig, 3).

3. Treatment planning

A&E MWBE Fig, 49} Zo] FRAARFHES
o &%l CTE &Y3te] TPSE st A
= fileol] CTV(Clinical tumor volume)& 18 @il

PTV(Planning tumor volume) "} 0.5 cm MLC 1}

2]

0.5 cm& 2712 2 Coplanar 7 portal, Non—Coplanar
3 portal®] % 10 Portal®] Intensity—Modulated Radi—
ation Therapy(IMRT)2 X &A1& HHt}, A @Az
200 cGy= s192H, eclipse®] Analytical Anisotropic
Algorithm(AAA) S AH&-5F3ITH(Fig. 4).
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%2 Gafchromic EBT3 film(EBT3 film, Ash—
land, USA)Z} Metal Oxide Semiconductor Field Ef—
fect Transistor(Mosfet: TN—502RD, T&N, Canada)S
ol-gsto] AAISIITE CT X gAI} FYUg 270 =
AT R 2 Ao A FHRIA eSSl IMRT
Plan& A1%7}14:7](Clinac ix, Varian, USA)°l|A] Fig. 5(a)
OF 2+2 37 F-9joll 3 WHEsto] Z7gskeictk EBT3 film
o] A2 Back scatter =748 10 cm@] aqua bolus
2} 10x10 Flied size, 6X Build region®|A 1.5 cm9]
bolusZ %31 WASIYTE BKG, 20, 40, 60, 80, 100, 120,
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Fig. 5. (a) A, B, and C points for measurement (b) Position
of film and Mosfet sensor for measuring point (c) Measure—
ments after reconstruction of measurement site

140, 160, 180, 200, 220, 240 MUE ZA}slo] EATA
S el T390, Mosfet®] AgFug-2 919 -2 &
3 214 @ 27004 200 MUE 200 cGyR A5 2%
sk3Ach(Fig. 5).010

d if

1. CT YA9| Hounsfield unit(HU)2| T}
MWBE Rando phantomof] 28511 CT AH|of|A] &
% HU= 52437102 S5t

2. TPSQ| m7}

IMRTZ A=}zl TPSS] HA| Q] A (10~
104.5 %)<= Fig. 4(b)2} Zom FQAFREZ(80~104.5
%)+ Fig. 5@<F 2t} CTVE] FHthAlsF2 104.6 %0192
™, F A= 99.0 % ZSHIEE 88,4 %, PTVE] ZthAl
T2 104.6 % BtAF2 97 % HoHIFRS 814 %= U
Elytt), Brian Dose volume histogram(DVH) 25 %, 50
%, 75 %O A1S] AEFL- 12 %, 19.5 %, 58 %= LFERGIT,

3. M2 Eot

Table 33} 77o] MWB2] 244 A, B, CollA TPSS] Al
72 186.6 cGy, 193.2 cGy, 190.6 cGyS 2 ZH1E] L,
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Mosfet & & 33] 431 Aaf2- 179.6612.62 cGy, 184.33
*1.24 cGy, 195.33£1.69 cGy°|3loH, @A}&2 —3.71
%, —4.59 %, 2.48 %%Itt EBT3 Filmo.2 S AeF2
182.00+1.63 cGy, 193.66+2.05 cGy, 196£2.16 cGy©|3
om O A2 246 %, 0.23 %, 2.83 %CHTable 3).

=B gn Y
& A7e 7€ o TS W AR Al 7IE
Bolus A &RRol ot 7JAdARY 53] 3D Printere]] AF
8% PLA Filament 27 AL-838}0] A %3t IS A}
o= o] BAst= wAIE MAdste] MWBS 2§
P ok} gl Al AR 71 A5l A
= Bolus A2 B4 EAL Table 49} Zom MWB+=
Soft tissue®] HU Qo] 7} 717k2- 40~80 HU Alo]el
50 HU®|| A3} Bolus7} soft tissue?] ol Al A}
£ o] 4L Bolus?} scalp tissue AFo]2] W=7}
§IC}. Choi®] Ato] wp=m BAA|eF HEul o] 4
oF o] zpolof whe} Aeke] EEade] Te = itk
3 37) wie]l MWBS} o] WA} gl Bolusi= '
AR ZOl A vl F-8-5HA] AH8-SF 4= Qlth(Table 4).2
3D Printer®] £7Q1 PLAE= MWBO]| H|3|| 32 &8
ok ofde}, ARshEd] Alzke] Wol AQEH Ao H]
80| o} HlFAIAelt). oof ks MWB+= PLAS] W+

(
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Table 3. Scalp A, B, C surface dose

Vesaving S e AT e T
position dose (cGy) rate (cGy) rate
(cGy) (%) (%)

1866 179.66+2.62 —371 182004163 —2.46

1932 18433124 —459 193.66£2.05 023

C 1906 195334169 248 196004216 2.83

Table 4. Properties of Bolus

MWB Gel t_essuto Paraffin | Vaseline PLA
—equivalente wax gauze
HU 50 30 —100 -150 200
Density | 1.05 1.03 0.9 0.85 1.2
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Radiation Therapy Using M3 Wax Bolus
in Patients with Malignant Scalp Tumors

Department of Radiological Technology, Dongnam Health University",
Department of Radiation Oncology, InJe University Ilsan Paik Hospital?

Kwon Da Eun?, Hwang Ji Hye?, Park In Seo?, Yang Jun Cheol?, Kim Su Jin?,
You Ah Young?, Won Young Jinn?, Kwon Kyung Tae"

Purpose: Helmet type bolus for 3D printer is being manufactured because of the disadvantages of Bo-
lus materials when photon beam is used for the treatment of scalp malignancy. However, PLA, which
is a used material, has a higher density than a tissue equivalent material and inconveniences occur
when the patient wears PLA. In this study, we try to treat malignant scalp tumors by using M3 wax
helmet with 3D printer.

Methods and materials: For the modeling of the helmet type M3 wax, the head phantom was photo-
graphed by CT, which was acquired with a DICOM file. The part for helmet on the scalp was made with
Helmet contour. The M3 Wax helmet was made by dissolving paraffin wax, mixing magnesium oxide
and calcium carbonate, solidifying it in a PLA 3D helmet, and then eliminated PLA 3D Helmet of the
surface. The treatment plan was based on Intensity-Modulated Radiation Therapy (IMRT) of 10 Por-
tals, and the therapeutic dose was 200 cGy, using Analytical Anisotropic Algorithm (AAA) of Eclipse.
Then, the dose was verified by using EBT3 film and Mosfet (Metal Oxide Semiconductor Field Effect
Transistor: USAJ, and the IMRT plan was measured 3 times in 3 parts by reproducing the phantom of
the head human model under the same condition with the CT simulation room.

Results: The Hounsfield unit (HU) of the bolus measured by CT was 52+37.1. The dose of TPS was 186.6
cGy, 193.2 cGy and 190.6 cGy at the M3 Wax bolus measurement points of A, B and C, and the dose
measured three times at Mostet was 179.66+2.62 cGy, 184.33+1.24 cGy and 195.33+1.69 cGy. And the
error rates were -3.71 %, -4.59 %, and 2.48 %. The dose measured with EBT3 film was 182.00+1.63
cGy, 193.66+2.05 cGy and 196+2.16 cGy. The error rates were -2.46 %, 0.23 % and 2.83 %.

Conclusions: The thickness of the M3 wax bolus was 2 cm, which could help the treatment plan to be
established by easily lowering the dose of the brain part. The maximum error rate of the scalp surface
dose was measured within 5 % and generally within 3 %, even in the A, B, C measurements of dosim-
eters of EBT3 film and Mosfet in the treatment dose verification. The making period of M3 wax bolus
is shorter, cheaper than that of 3D printer, can be reused and is very useful for the treatment of scalp
malignancies as human tissue equivalent material. Therefore, we think that the use of casting type M3
wax bolus, which will complement the making period and cost of high capacity Bolus and Compensa-
tor in 3D printer, will increase later.

» Key words: M3 Wax Bolus, Helmet, IMRT, Mosfet, Gafchromic EBT3 Film
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