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Fig 2,
DICOM file conversion
using the Mimics.
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Table 1, Comparison of air gap volume for customized bolus and 1 ¢m bolus (Unit: em?)
1st 2nd 3rd 4th Sth Average
Customized bolus 4.0 42 3.5 41 3.8 3.9
1 c¢m bolus 29.2 29.8 32,7 259 30.2 29.6

AR ZdEf oA CT BRI 572 247} 53] 9 § A=
A8 A"l el Eclipse(Eclipse 10,1, Varian medical
system, USA)E o]-&3}¢] I X9} bolus Alo]ol] A 7]+= air
gap?l F &4& Flsairt.
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2 AATFY] GTVe 1 cm marging 3L daily dose 180
cGy, & 4500 cGy=E Ft}. plan parameteri= photon
plan gantry angle 20°, field size 12x12 cm?, SSD 100
cm, proton plan gantry angle 20°, snout size 18022
S,
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1 cm bolus Z}2} GTVE] Dose Volume Histogram(DVH),
Dmax, Dmin, Dmean, Dos%2} VosuZ H] W3} It}

gz A o] AR v uE $Jske] GTVel H$ chest
wallol|A] Z+Zte] DVHOA Min Dose, Max Dose, Mean
Doseg &<}t
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2, Air gap &3

o]Z7| A|Z3t customized boluse} &3 ¥ 1 cm
bolusZ AM&3le] CT R 77|82 zHz} 53] 4 &33}9]
S uf A7|= air gape] 828 247} customized bolusi=
4.0cm’, 4.2 cm?’, 3.5 cm?, 4.1 cm?, 3.8 em’E. Ht 3.9 cm®
o], A#3tH 1 cm bolusi= 29.2 cm’, 29.8 cm’, 32.7
cm?, 25,9 cm’, 30.2 em’E HF 29.6 cm’E A H e},
[Table 1] 53] T4 3h=5-9)= 7]& AFE3HE 1 em bolus

oA air gap?] Zol7} Hdll 1.3 cmZ & F4 & bolus

Table 2, Comparison of the dosimetric parameters of each plan from the 6 MV photon for GTV (Unit : %)
Parameters Dmax Dmin Dmean Dos% Vo5
Customized bolus 102.8 88.1 99.1 95.0 94.4
1 ¢m bolus 101.4 92.0 98.2 95.2 95.7

Dmax @ maximum dose of the target volume

Dmin : minimum dose of the target volume

Dmean : mean dose of the target volume

Dos% : the dose that covers 95% of the target volume

Vosu : the target volume that received over 95% of the prescribed dose
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Fig 6. GTV Dose Volume Histogram(DVH) of each plan. (a) Photon beam, (b) Proton beam,
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Eclipse’} customized bolus®} 3#3}H 1 cm bolus?]
DVH<= photon} proton 25 WA 2po|nt Q15 ¥ ofn]
& Beld Aol molAE BTt [Figure O
customized bolusE A}&-3F 6 MV photon plan®] Dmaxi=
102.8%, Dmin 88.1%, Dmean 99.1%, Dosu= 95.0%,
Vosu= 99.4% ATk, AE3E 1 cm bolus®] 6 MV photon
plan®] Dmax= 101.4%, Dmin 92.0%, Dmean 98.2%,
Dosus= 95.2%, Vosus 95.7%2] 3h< H T [Table 2]
customized bolusE& A}& 3+ proton planoA] Dmaxi=
104.1%, Dmine 84.0%, Dmean 101.2%, Dosu= 95.1%,
Vosun= 99.8%, A33}E 1 cm boluss= Dmax 104,8%, Dmin
2 87.9%, Dmean 101,5%, Dosui= 94.9%, Vosui= 99 9%
LHERSETE. [Table 3]

b g A9l chest wallol| A of WA &

AF8-3F 6 MV photon plan®] Min
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0|23} Customized Bolus M| =tof| 2H5t 017

Doset 0.0 cGy , Max Doset 4479.5 cGy, Mean Dosex
2334.0 cGyoldt}, 45531 1 cm bolus®] 6MV photon2]
Min Dose= 26.7 ¢Gy , Max Doset 4424.4 cGy, Mean
Doset 2764.3 cGyZ YEFST}. [Table 4] customized
bolusE AF8-3F proton pland|4] 2] chest wall®] Min Dose
T 0.0 cGy , Max Doset 4672.3 cGy, Mean Dosex= 700.5
cGy, 7333t 1 cm bolusi Min Dosew 0.0 ¢Gy , Max
Doses= 4716.4 cGy, Mean Dosei= 848.1 cGy 2] #+< 2
t}. [Table 5], [Figure 7]

oF

g8

p

a

9] Ald Ay} 3D ZTHHE o]8-3F] customized bolus
AL & wje] H A AFERZF customized bolusE
Atte= Aotk =, 93¢} bolus Alo] air

QIThaL & 4 glek. oleldt air gape

Uz Al 5
gapS a3t @
bolus AFE A]

FRAE o] ARle R AH AN A
AFoll Al A 7= 4= mme] air gap- targetol| A o] Ao
A FFE PAA X & F ARG 9 Yousaf

Table 3, Comparison of the dosimetric parameters of each plan from the proton for GTV (Unit : %)
Parameters Dmax Dmin Dmean D950 Vos%
Customized bolus 104.1 84.0 101.2 95.1 99.8
1 ¢cm bolus 104.8 87.9 101.5 94.9 99.9

Dmax : maximum dose of the target volume

Dmin : minimum dose of the target volume

Dmean : mean dose of the target volume

Dosw : the dose that covers 95% of the target volume

Vosu : the target volume that received over 95% of the prescribed dose

Table 4, Comparison of 6 MV photon dose for chest wall (Unit : cGy)
Parameters Min Dose Max Dose Mean Dose
Customized bolus 0.0 4479.5 2334.0
1 cm bolus 26.7 4424 4 2764.3

Table 5, Comparison of proton dose for chest wall (Unit : cGy)
Parameters Min Dose Max Dose Mean Dose
Customized bolus 0.0 4672.3 700.5
1 ¢m bolus 0.0 4716.4 848.1
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Abstract

A Study on Developing Customized Bolus
using 3D Printers

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

Jung Sang Min, Yang Jin Ho, Lee Seung Hyun, Kim Jin Uk, Yeom Du Seok

Purpose : 3D Printers are used to create three-dimensional models based on blueprints, Based on this characteristic, it is
feasible to develop a bolus that can minimize the air gap between skin and bolus in radiotherapy. This study aims to compare
and analyze air gap and target dose at the branded 1 cm bolus with the developed customized bolus using 3D printers,
Materials and Methods : RANDO phantom with a protruded tumor was used to procure images using CT simulator, CT
DICOM file was transferred into the STL file, equivalent to 3D printers, Using this, customized bolus molding box (maintaining
the 1 cm width) was created by processing 3D printers, and paraffin was melted to develop the customized bolus, The air gap
of customized bolus and the branded 1 cm bolus was checked, and the differences in air gap was used to compare Dmax, Dmin,
Dmean, Das% and Ves% in treatment plan through Eclipse,

Results : Customized bolus production period took about 3 days. The total volume of air gap was average 3.9 cm® at the
customized bolus, And it was average 29.6 cm® at the branded 1 cm bolus, The customized bolus developed by the 3D printer
was more useful in minimizing the air gap than the branded 1 cm bolus, In the 6 MV photon, at the customized bolus, Dmax,
Dmin, Dmean, Dgs%, Vas% of GTV were 102 8%, 88.1%, 99.1%, 95.0%, 94 4% and the Dmax, Dmin, Dmean, Das%, Vos% of branded
1cm bolus were 101.4%, 92 0%, 98.2%, 95.2%, 95.7%, respectively. In the proton, at the customized bolus, Dmax, Dmin, Dmean,
Dos%, Vos% of GTV were 104.1%, 84.0%, 101.2%, 95.1%, 99.8% and the Dmax, Dmin, Dmean, Do5%, Vos% of branded 1cm bolus
were 104.8%, 87 9%, 101.5%, 94 9%, 99 9%, respectively. Thus, in treatment plan, there was no significant difference
between the customized bolus and 1 cm bolus, However, the normal tissue nearby the GTV showed relatively lower radiation
dose,

Conclusion : The customized bolus developed by 3D printers was effective in minimizing the air gap, especially when it is used
against the treatment area with irregular surface, However, the air gap between branded bolus and skin was not enough to
cause a change in target dose, On the other hand, in the chest wall could confirm that dose decrease for small the air gap.
Customized bolus production period took about 3 days and the development cost was quite expensive, Therefore, the
commercialization of customized bolus developed by 3D printers requires low-cost 3D printer materials, adequate for the use of
bolus,
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