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clavicular lymph node, internal mammary lymph
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customized bolusE A|&F51aL, o]&A A|2Fst custom—
ized bolus®} 7] ARESHE bolusE S AFE: Al A7)
= air gap?| faa el ARg7 S s alA} Si,

Oy % g

3D ZE(3D printer, USA)Z A2}t 3D Bolus®}
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90%01517F ZAFR 4= 9
e R
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A5 A skl AR phantom§-F&ol 97]°] A==
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HHE 2 gato] Wgho 2 AH7HE ARtk Figure.)

Fig. 1. Dummy Phantom(Rando) with 9 dose measure—
ment points



Fig. 2. 3D Bolus(5mm)with Step Bolus(5mm) and 3D
Bolus(1cm)

Fig. 3. 3D printing meterial : PLA 1.75mm

Al5]of| 21-85}= Bolus:= 3D Bolus (Icm) 39}, 3D
Bolus(5mm)&} Step—bolus(5Smm)7} A% Bolus sl
2, Ao AR5 H= 2E Bolus?] F/l= lem 22

s}t (Figure.2)
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ing and communications in medicine, DICOM)Z}
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AbS sk, A5 AES 3R] A%S vzl DICOM 1
-2 3D Slicer(open source program) X =2 18-S 0]
&5t9] 3D printer® &8 7hs9 39 FEIQI stereo
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Rokit)& AR8-5Fo] SEsFRlal Aol AR 3D Z7]

Ble = ¢ollA PLA 288 591 5 WoARE] ol A
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Fig. 4. Produced 3D Bolus(5mm) and 3D Bolus(1cm)

H2]0]7] Wjio]|, 3D bolus &8 FoJ%= Bolus A&t}

2ok 2bgo] Hasiet(Figure.3) E3F 2H4}
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o] HR3FAL Al AR 87 HE7E 22531 em 3D

Bolus lem%7|¢} Step Bolus®} A3Fe SmmF71¢] 3D
bolus& AlZFs}%ict(Figure 4)

2. CT2} ECLIPSE E E¢t Step bolus2t 3D bolus
o HaHN EM(LE 24).

Step bolus®} 3D Bolus®] A4 dtetsl7| 8l 3D
bolus(5mm)2} Step Bolus(Smm)2] HAFSe52
(High Advantage, GE, USA)GAFS AAISIA| 2 A A A
H(Eclipse 10,1, Varian medical system, USA)E £3|
BA5kA} (Figure,5) AL 120kV, 350mA, scan
type2 helical full, rotation time 0.5 sec, SFOV=
large, slice thickness+= 1.25Smm&zE 278 51T}, 4 W
7} e 2 22570 AdEAREE, HUG

3 A (mass density) 9] 201E LopEgI:,
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Fig. 7. Dose measurement of Rando Phantom with 3D Bolus

3. Air Gap2| Z& &l

Sk AIZKSE 3D Bolus(lem)2} 3D Bolus(Smm), Step
Bolus(5mm)S combinedt BolusE ¢1A|:3& Phantomol]]
217} A8-5}0] Set—up & CBCTE o]-&5}0] GA-S 353
th(Figure 6) o1& ©|-&5fo] Z171] f-ho] P4l F/dol
A Bolus®] €Jx)2ke] 9 214|238 PhantomX} BolusAlo]
AFA O = Rlsiglon, 53]

: s
uhE g 2 Agte] B B, RS T

tage, GE, USA)RE @2 G- vigo 2 A4 24
SA)~H](Eclipsel0.1, Varian medical system, USA)=
283t plan© &2 X833t} Plan 6MeV AAME AHE-
5192 Gantry angle 350°, 14 x 14 cones AR8-5}¢]
2Gy x 25Fx = 50Gy= prescription dose 90%= X|&

AZ=ZF A4 (planning target volume, PTV)S %5}
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Fig. 8. PLD (glass dosimeter)

Fig. 9. contouring of combined bolus

%ct. Vital_E(Varian,USA)E ©]83}4] Q4|24 Phan-
tomol] 971¢] A&k 54 point& A5kl A A&ket
3D Bolus(lcm)2} 3D Bolus(Smm), Step Bolus(5Smm)
= combinedt BolusE Q14|23 Phantomol] 212F 48
gto] Set—up & Y AN FHAFAPPLD)E ©l-&
sko] =As)it) (Figure 7, Figure 8) 2+ A&k =4 point
AFol9] Agl= AskE-$- sem o2 A6l H-8o5k=

=
Bolusttt} 5e]k5=7go}o] Fatgle A3

e Nl

1. MIZHE! 3D Bolus®} Step Bolus2| H=EAM

3D bolus®} Step bolusE combinedt bolus®] -84
S Arls9sl AiketchEE 994 (High advantage,
GE, USA)S AAFSEx] 2 A|Z A A~H(Eclipse 10,1, Varian
medical system, USA)E E3f H-4]3F A7 (Figure.9) 3D

Bolus®] A& AU = (Relative Electron Density)+=



Properties x

General Structure CT Value and Materal Tech (Struc)
Structure Set

Physical Material Table | AcurosXB-13.5 “

Structure
Assign CT Value
CT Value HU
Assign Material[]
Mass Densty [L.0720 | g/em3
Relative Electron Density
Relate Proton Stopping Power |L.0512 |

Fig. 10. 3D bolus relative electron density

1.0559g/cm2, Step Bolus= 1,0590g/cm22 0.01%°]5}
O] ZjolodA] AR =7 A 2] LAt (Figure 10,
Figure 11)

2. Air Gap2| Zg =™ Zut

QA H
Phantom?} BolusAtolo] 471t 3715 wige] -5 4
o= slelsiglon], 53 v Sgte) B B

A}, e xS ) 2 A3 3D bolus®t Combined
bolus®] Hw+-S H|wWjEH 3D bolusol|419] 1point=
0.48cm, 2points= 0.61cm, 3point= 0.64cm, 4point=
0.6lcm, Spoint= 0.57cm, 6points= 0.57cm, 7point=
0.64cm, 8point= 0.44cm, 9point:= 0.52cm®]1L Com—
bined bolusol|419] 1point= 0.29cm, 2points= 0.44cm,
3pointi= 0.42cm, 4points= 0,31cm, 5point= 0.41cm,
6points= 0.49cm, 7point= 0.28cm, 8points= 0.35cm,
9point= 0.36cm e &2 hHEO] SHAHfA air gap
o] AAFFS FIst3Itt(Table.1,Table.2) 7+ bolus®]
Air gapoFB+o] TAg AER Yeo] v|was)i A}

o4 9] 591: Step Bolus®} 3D BolusE combine &+ Bolus2] -&
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Properties X

General Structure CT Value and Material Tech (Struc)

Structure Set

Physical Materal Table | Acurosx8-13.5

structure
[ Assign CT Value
CT Value HU
Assign Material []
Wass Density ofcma
Relatie Electron Density
Relative Proton Stopping Power (L0604 |

Fig. 11.

commercial bolus relative electron density

Ipoint= 38.29%, 2points= 34.15%, 3point= 36.14%,
4pointi= 52.22%, Spoint= 28.31%, 6point= 19.94%,
7points= 54.32%, 6pointi= 19.94%, 7pointi= 54.32%,
8point= 19,86%, 9point= 31,64% =2 4 19,94% air

gapo] A5 A2 SHIE 4 99l 58 /M 237

) 7pointol A= A 54.32%714] air gap®] H4a}
L 22 SHIget(Table.3)
5 240 A9 AVAA B 99 WEeAR

[¢) o=

SPSS Statistics 2897 (SPSS, IBM 3]AhE AR, P <
0.059] gF2 FAX = F-o3t Ao = 7Hr3irt

3. MBESHE Sot Hot Ant

=72 A% Phantom Set-up¥ SHAZ
o -5 A= A(PLD,glass dosimeter) & A28l bolusE %]

8217 7} Bolustitt 52)RHTS7510] gt gha AHE 3.
Z

[

49.19¢Gy, 2points= 152.14cGy, 3points= 153.96¢Gy,
4point= 146.56¢cGy, 5point= 161.69¢Gy, 6point=
159.97cGy, 7point= 128.65cGy, 8point= 173.32cGy,
9point+= 171cGy©]al Combined bolusol|412] 1points=
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155.86¢Gy, 2pointi= 155.98cGy, 3point:= 159.51cGy,
4points= 156.55.cGy, Spoint= 156.44cGy, 6point:=
164.53 cGy, 7pointi= 114.23¢Gy, 8pointi= 174.98¢Gy,
9point= 175.53cGy= HIF-2] S8A1514 3D bolus
of|A Aol B AAaghale 2Q1ek 4= QI3itt(Table, 4,Ta—
ble.5) A% YA =5 vlawstr]9ls) 1fxd A8 ALDALE]
AFFFE 1pointol| Al 153.4¢Gy, 2pointollA4] 152.12¢Gy,
3pointo A 158.32cGy, 4pointollA 155.16cGy, Spoint
oA 158.72cGy, 6pointoA] 156.2cGy, 7pointo]

Table. 1. air gap of 3D bolus

A 163.92¢Gy, 8pointdA] 164.96¢Gy, 9pointo] A]
189.32cGy = 71 22471 7pointE A|2]3}al Combined
bolus AH8RET NEAYN o & AXNES 1Y

t}(Table.6, Table.7)

(unit : cm)
1 2 3 4 5 Mean SD SE p-value
1point 0.49 0.48 0.47 0.43 0.51 0.48 0.03 0,01
2point 0.67 0.62 0.68 0.64 0.61 0.64 0.03 0.01
3point 0.64 0.61 0.69 0.66 0.64 0.65 0.03 0.01
4point 0.59 0.58 0.66 0.59 0.62 0.61 0.03 0.01
Spoint 0.52 0.51 0.64 0.57 0.62 0.57 0.06 0.03 P{0.05
6point 0.54 0.54 0.61 0.59 0.57 0.57 0.03 0.01
7point 0.59 0.59 0.69 0.59 0.67 0.63 0.05 0.02
8point 0.43 0.42 0.44 0.47 0.45 0.44 0.02 0.01
9point 0.5 0.5 0.57 0.54 0.51 0.52 0.03 0.01
SD : standard deviation, SE : standard error
Table. 2. air gap of combind bolus(CB)
(unit : cm)
1 2 3 4 5 Mean SD SE p-value
1point 0.27 0.34 0.3 0.3 0.25 0.29 0.03 0.01
2point 0.38 0.52 0.39 0.46 0.44 0.44 0.06 0.03
3point 0.41 0.37 0.45 0.46 0.43 0.42 0.04 0.02
4point 0.31 0.24 0.33 0.28 0.38 0.31 0.05 0.02
Spoint 0.38 0.43 0.38 0.44 0.4 0.41 0.03 0.01 P<0.05
6point 0.41 0.48 0.48 0.48 0.43 0.49 0.03 0.01
7point 0.26 0.28 0.27 0.33 0.28 0.28 0.03 0.01
8point 0.33 0.37 0.35 0.39 0.33 0.35 0.03 0.01
9point 0.35 0.33 0.38 0.37 0.36 0.36 0.02 0.01

SD : standard deviation, SE : standard error
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bolus®] A8 A= Fs}), Jof webs 2435t bolus
= A&7 1918l =7 RS ALefsEotof =t 53] 1]
2.9} bolusAte] 9] air gap HAMIX] BA] AlgfEsro] &
F= FAEL olF sids7 ]Il 3D bolusAHE-A] Al
=23 bolusE g WA 4= Q= o] Qlth=
Ao g2 A IARE AA = A%k 7HIALY = =250l8)
3EHof| ARE-A] 3D bolus®] Tkt 54 wioll 54943
&

7} 23S 714 step bolusel| HIS|A] air gapo] B 34

B o2 A

Table. 4. dose of 3d bolus and combind bolus(3D bolus)

o)A 9] 591: Step Bolus®} 3D BolusE combine &t Bolus2]

Table. 3. Air gap decreasing rate

B Mean

(unit:%)

30
20
0
1 2 3 4 5 6 7 8 9

(unit : cGy)
1 3 4 5 Mean
1point 149.13 147.57 151.52 149.22 148.49 149.19
2point 154.65 148 3 154.19 153.66 149.89 152.14
3point 154.84 152.54 156.4 152.55 153.48 153.96
4point 154.01 145.64 142.32 143.36 147.48 146.56
3D bolus Spoint 158.88 162.47 162.84 161.78 162.49 161.69
6point 160.08 159.44 160.45 159.57 160.29 159.97
7point 127.33 139.66 113.16 132.93 130.19 128.65
8point 173.33 172.68 174,71 173.39 172.49 173.32
9point 173.05 169.19 170.29 172.18 170.29 171
Table. 5. dose of combind bolus(CB)
(unit : cGy)
1 2 3 4 5 Mean
1point 155.02 155.3 157.32 155.29 156.39 155.86
2point 157.23 154,28 157.6 156.49 154.29 155.98
3point 159.62 160.17 158.06 160.29 159.39 159.51
4point 157.14 158.88 154.47 156.89 155.39 156.55
CB Spoint 160.45 153.46 156.4 154.39 157.49 156.44
6point 170.94 160.82 165.6 165.89 159.39 164.53
7point 127.7 104.42 106.35 104.29 128.39 114.23
8point 180.14 172,13 173.97 175.28 173.39 17498
9point 175.63 176.82 176 175.83 173.38 175.53
Table. 6. plan dose per 1fraction
(unit:cGy)
1point 2point 3point 4point Spoint 6point 7point 8point 9point
1fx 153.4 152.12 158.32 155.16 158.72 156.2 163.92 164.96 189.32
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Table. 7. dose average comparison

(unit:cGy)
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Evaluation of the usefulness of Bolus,
which combines Step Bolus and 3D Bolus
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Objectives: Bolus, which combines 3D-bolus and Step-bolus, was produced and its usefulness is evaluated.

Materials and Methods: A Bolus was manufactured with a thickness of 10mm and 5mm using a 3D printer (3D
printer, USAJ, and a Step Bolus of 5mm was bonded to a 5mm thick bolus. In order to understand the character-
istics of Step bolus and 3D bolus, the differences in relative electron density, HU value, and mass density of the
two bolus were investigated. These two Bolus were applied to anthropomorpic phantom to confirm its effective-
ness. After all contouring of the phantom, a treatment plan was established using the computed treatment plan-
ning system (Eclipse 16.1, Varian medical system, USA). Treatment plan was performed using electron beam
6MeV, nine dose measurement points were designated on the phantom chest, air-gap was measured at that
point, and dose evaluation was performed at the same point for each bolus applied using a glass dosimeter (PLD).

Results: Bolus, which combines 3D-bolus 5mm and Step-bolus 5mm, was manufactured and evaluated com-
pared with 3D-bolus 1cm. The relative electron density of 3D Bolus was 1.0559 g/cm?2 and the step Bolus was
1.0590 g/cm?2, which was different by 0.01%, so the relative electron density was almost the same. In the light-
weight measurement of air-gap, the combined bolus was reduced to 54.32% for all designated points compared
to 3D-bolus. In the dose measurement using a glass dose meter (PLD), the consistency was high in phantom us-
ing combined bolus at most points except the slope point.

Conclusion: Combined bolus made by combining 3D-bolus and Step-bolus has all the advantages of 3D-bolus
and Step-bolus. In addition, by dose inaccuracy due to Air-gap, more improved dose distribution can be shown,
and effective radiation therapy can be performed.

» Key words: 3D Bolus, Setp Bolus, Combined Bolus, electron, MRM



