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Feasibility of the 3D Printing Materials for Radiation Dose Reduction in
Interventional Radiology

Cho Yong-In

Department of Radiology, Dongnam Institute of Radiological & Medical Sciences Cancer center

Abstract Interventional radiology is performed under real-time fluoroscopy, and patients are exposed to a wide range of

exposures for a long period of time depending on the examination and procedure. However, studies on radiation pro-

tection for patients during an intervention are insufficient, This study aims to evaluate the doses exposed during the inter-

vention and the applicability of 3D printing materials. The organ dose for each intervention site was evaluated using a

monte carlo simulatio, Also, the dose reduction effect of the critical organs was calculated when using a shielding device

using 3D printing materials, As a result, the organ dose distribution for each intervention site showed a lower dose dis-

tribution for organs located far from the x-ray tube, It was analyzed that the influence of scattered rays was higher in

the superficial organs of the back of the human body where x-rays were incident. The dose reduction effect on the crit-

ical organ using the 3D printing shield showed the highest testis among the gonads, and in the case of other organs, the
dose reduction effect gradually decreased in the order of the eye, thyroid, breast, and ovary. Accordingly, it is judged
that the 3D printed shield will be sufficiently usable as a shielding device for the radiation protection of critical organs,

Key Words : Interventional radiology, Monte Calro simulation, Critical organ, 3D Printing materials, Radiation shield
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0 244 A% BA
2 A= AR AR o
MCNPX(Ver, 2.5.0)< ©]-833lth &A% WA Al
Hlo]| that RO|HARS <& Allura Xper FD—20(Philips
medical, Eindhoven, Netherlands)E ©]-85}91. 2™, Table
13} Zo] Ax]o] 7|5leta] FRE EtfE Al H|o|E(table),

X-ray tube, A=7|(detector)S 2o HAFNTHS5],

) g2 =9

R bR T %
z}

Table 1, Specifications of philips allura Xper FD20

2) Medical Internal Radiation Dosed <QIX|dlg

A7} HhAMA el =2 uf thekst A 2A o gt A

F= AR S5 of"eh, AA ikl Wi o R QA
oF FARE 25 Zhe 1O WEAE AMSSHAY ZEHEA R

FEE o83t Aol AgEA W e g de 2olal gl
tH6]. & AtolAs AR skl et 412 flsl
ORNL(Oak Ridge National Laboratory)of|A] 7I2tét Medical
Internal Radiation Dose(MIRD)3 Q1A E4ali"of ojjs)

wol mAph

]% /\] ul—/\}/e] Hugxl-i]q] /\1 HMHE] XA /\rﬂl
F7] €13} Institute of Physics and Engineering
in Medicine(TPEM)of|A] 7et SRS—78 21815 o]

819ic}, Allura FD 20 %¥]] C-arm Tube®| AJ54%

(Target : W, degree : 11°), ZE(0.5 mCu) 5= =5}
o}, 80 kVp o= 3 0.5 eV 7HH 02 XA A
< g53igleon, ol Adde=® A cHFig. 1],
35000 - X-ray spectrum -
+ 80KVp
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Fig. 1. 80 kVp photon spectrum by SRS-78

0

Philips Allura Xper FD20 Tech Specifications

Allura Xper FD-20 Gantry / Type

Single Plane

X-ray generator

High frequency

Heat storage capacity: 5400000 HU

Allura Xper FD20 X-Ray Tube

Focal spot size - 0.4/0.7 mm (MRC)

Target angle - 11 degrees

aSi detector with Csl scintillator

Allura Xper FD20 Detector

Dimensions - 40cm x 30cm

Dimensions - 319 cm x 50 cm

Patient Table

Maximum patient load: 250 kg with additional 50 kg
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Fig. 2. Model of radiation shielding devices using 3D printing
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Table 2, Absorbed dose distribution according to human organs during interventional procedure

Interventional Procedure

Organs Head & Neck part Thoracic part Abdomen part
Breast 2,28 13.70 0.99
Lungs 15.79 84,46 7.64
Stomach 2.14 14.11 5.06
Liver 4.41 26,08 7.08
Esophagus 12,09 47.97 3.35
Thyroid 53.88 9.40 1.11
Testes 0.20 0.67 13.86
Brain 75.63 7.01 1.32
Kidney 11.76 46,80 34.07
Salivary gland 45.27 5.70 0.79
Pancreas 3.49 25.45 7.53
Prostate 0.49 2.16 46.35
Uterus/Cervix 0.91 3.47 52.82
Ovaries 1.25 4.87 62.06
n. z a mGy, i 1,20 mGy & Mgom, 71 9| 515 7|9l A
Hol Ao 347 mGy, WA 4.87 mGy, HAHA 2.16
1. A2 2o sixtel N MY Sasg gy MOV 8067 mOy & FAIE FES HEHDD
Al 51A, E5 Al Al BARD 2AF /9 W 2= o)
AEHA Al Al AR FA] Stofl == &A1) <l B 2710l Yol AL 62,06 mGy, AE/AE 52.82
A A7 FrAlE 2 E S s ER 7 mQy, A=A 46.35 mGy, A& 34.07 mGy, A4 13.86
ZIRke s oF FARARS estglon, 2t AlE B8R g0 seaMer Bue Uepflnt o]of H]E) AREE 2}
7Rt A7 SR Table 29F At 7] 2 XA AL 34 07 mGy, 7+e] A< 7.67 mGy, <]
A, B A Slol B Al RO HE QA 5 (6 nan a7 53 mGy o] ASFRES melrh A4 Al
AT BN A AT AR A A A 2w o] cgel sol 7

o] F9 7563 mGy, Al 53,88

mGy, EFNA 45 27 mGy, = 10,42 mGy Q| SAlTF B2
S A% A 3 A 20 A9 A2 2
22} 15,79 mGy, 12,09 mGy©] Alefizs Hgon] g

2,28 mOy= AHOR e Fos melch U g

7191 7ke] 79 4.41 mGy, 9= 2.14 mGy, Z% 3.49
mCy©] F44% s Yehglon], F8upg7]el 414

9] AL 11,76 mGy thE BX 7] = AOH:L
IS HAAth kR fRRE Ae/7
mGy, W2 1,25 mGy, AHA 0,49 mGy
o RN ERE eyl

= WA, S5 Al A AR RAF H*H W xZ3he]l 5
o] 79 84,46 mGy, A% 47,97 mGy, 4 13,70 mGy 2]
SAE S Bk Al Al T 9ol QIR s
7191 7ke] 79 26.68 mGy, 9] 14.11 mGy, %
EEE Holon, 4 46,80 mGy S
SREE Uehfelch AR S
0 mGy, ¥ 7.01 mGy, E}HA 570

Eﬂ

]
25.45 mGy2] Al
2 AP

.

2 ol
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37 9.

A9 764 mGy, A% 3.35

mGy, % 0,99 mGy9| F5AFE #xE5 UERS

19 AR A A A9 111 mGy, th
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HAAHFig. 4].
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Fig. 4, Absorbed dose distribution according to human organs
during interventional procedure (Unit : mGy/min)
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BE Hlch 11 9] ZRIY Aol thek 7, ABS+B,
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AEPAR e} dieol wlelsle] £ AFpaEIE U
EF SAtK(Table 3).

B8 A Al Y A7) T ARGl T2 Ao
thet Agtanv 7 A, PLA ARe] A9, ol

7.5 ~ 23.2%, A 1.5 ~ 5.8%, A4 5.0 ~ 231, Ui
0.6 ~ 2.9%=2 7P W& Agtaayts Bk, o] u|
3 SR 5 ABS+WO] H$-, F=ollA 27.3 ~ 50.3%, 7+
AP 14,2 ~ 25.1%, A4 48.0 ~ 681, W4 8.9 ~ 25.3%
2 7P e A e Byl 1 9 ZuY gz
gt Brraa), SR Als At A fARE AR B
o] ABS+Bi, PLA+SS, PLA+Cu, PLA+Fe, PLA+AIl 2
ME 2 AeFraaiats Yepl Sltk(Table 4).

B A& A 29y 2u7] T ARl w2 A7)0
g AeFaaau §7h A, ANEel FDM Ael PLA

A7) AL folA] —18.6 ~ 20.5%, A -7.7 ~
9.5%, & 3.4 ~ 9.6%% W2 FAolA =3} A el
=

ol 231 7
ke Aol g
Z ABS+WO| F9
34.5%, S 21.0 ~ 34.9%F 7V =S A ns
Bolrh a8y, o] A9 PLA AR} TUsH ¢ F7
M= L3l Aol S7HEe FdFE Hehlidley, 77
7ol wheh fefet ARktaavts Bolck 1 9 ZY

4 A
S By, ol # S
ke

Irrr

= & Gk ool vis] SR
wollA —4.0 ~ 26.5%, 7341 18.1 ~

Table 3, Dose reduction effect according to thickness(d ~ 25 mm) of 3D printing material during head & neck part interventional

procedure
Critical Organs ~ (Unit : %)

Shielding Materials Breast Testes Ovaries
PLA 19 ~ 83 5.2 ~ 279 -10.3 ~ -4.2
PLA+Aluminum(Al) 3.8 ~ 126 9.3 ~ 39.7 5.3~ -1.2
PLA+Copper(Cu) 15.6 ~ 22.0 239 ~ 490 37 ~ 5.8
PLA+Iron(Fe) 13.7 ~ 21.5 19.0 ~ 48.2 3.0 ~ 038
PLA+Stainless steel(SS) 18.0 ~ 22,5 239 ~ 49.0 3.6 ~ 7.1
ABS+Bismuth(Bi) 183 ~ 227 247 ~ 49.0 43 ~75
ABS+Tungsten(W) 19.8 ~ 23.1 247 ~ 49.0 4.4 ~ 82

PLA : Poly lactic acid
ABS : Acrylonitrile butadiene styrene

Table 4, Dose reduction effect according to thickness(5 ~ 25 mm) of 3D printing material during thoracic part interventional

procedure
Critical Organs ~ (Unit : %)

Shielding Materials Eyes Thyroid Testes Ovaries
PLA 7.5 ~ 232 1.5 ~ 5.8 5.0 ~ 231 0.6 ~ 29
PLA+Aluminum(Al) 3.7 ~ 37.6 26 ~ 179 3.8 ~ 452 0.5 ~ 188
PLA+Copper(Cu) 20.9 ~ 49.3 11.9 ~ 247 33.7 ~ 65.4 6.8 ~ 251
PLA+Iron(Fe) 17.2 ~ 49.3 10,5 ~ 24.2 289 ~ 63.7 48 ~ 246
PLA+Stainless steel(SS) 243 ~ 503 13.6 ~ 249 38.3 ~ 60.7 82 ~ 254
ABS+Bismuth(Bi) 325 ~ 49.6 14.1 ~ 25.1 51.6 ~ 67.4 8.9 ~ 252
ABS+Tungsten(W) 27.3 ~ 503 14.2 ~ 251 48.0 ~ 08.1 89 ~ 253

PLA : Poly lactic acid
ABS : Acrylonitrile butadiene styrene
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AR AeRS B th(Table 5). s A3 ABS+WO| H9- AR ]E Al AR A7|EZ
9| Aol whebA QJIEWIA Al& A] 3D I ApH7|F o ohe] 24 812 ~ T 87.9%, F- Al Al 2|4 84.0

M-S =3t ﬁmm of et ez ants YA 2 4 ~ 88.1%°] Fro| A ENE eI 2y, B

27F 7P w2 B BN 1 9 A7 B = A A& Alolls w2 A5 vl —18.6%, 1Al 89.5%,

A, Sup Urﬁ:_J AR A A aa ) Yolx= 4 ] B 111.8%02, =2 45 ol $-gt 2w ay)

= e AT £ 2o, 39 49 o w2 AHans Yehfigick
T3 3D Y Ajzof thet WA A g afe] thgt B [Fig. 5].

Table 5, Dose reduction effect according to thickness(5 ~ 25 mm) of 3D printing material during abdominal part interventional

procedure
Critical Organs (Unit : %)

Shielding Materials Eyes Thyroid Breast
PLA -18.6 ~ 20.5 7.7 ~ 9.5 34 ~96
PLA+Aluminum(Al) -20.0 ~ 21.5 3.1 ~ 152 25 ~ 15.0
PLA+Copper(Cu) -85 ~ 268 14,5 ~ 26.8 17.8 ~ 229
PLA+Iron(Fe) 7.3 ~ 264 16,7 ~ 27.5 16.2 ~ 23,5
PLA+Stainless steel(SS) 5.7 ~ 279 16.7 ~ 29.5 19.3 ~ 24.1
ABS+Bismuth(Bi) 4.8 ~ 265 18.0 ~ 34.4 20.1 ~ 349
ABS+Tungsten(W) 4.0 ~ 265 18,1 ~ 34,5 21,0 ~ 349

PLA : Poly lactic acid
ABS : Acrylonitrile butadiene styrene
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= 044 04
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Fig. 5. Comparison of dose reduction effect according to shielding materials (ABS+W, Pb) during interventional procedure. (a)
head & neck part, (b) thoracic part, (c) abdominal part

174 Journal of Radiological Science and Technology 43(3), 2020



QIEMA A& A Akl MYgraE 919 3D LY Az HgA B}
Iv. o & A u 50] AtefAls I Mslsha A gl sl Al
9] 9] 0.35 mPb AFHAE Sl AAIAolA 48%, 5 4=
HEW AEY, dxdEd, 28 9 9] A8 5 AR A 86% FHAFIFE Lok B 317} 9lom[17].
AFe fsls Agol Havte] A5l 71&el el F AR ABSTW ARS A AAefAf el et A
A Al&(Intervention Radiology; IR)%] R+ 7|27 = HeR I ol " QIEHIA Al Al ®ART FA] 8F
Z7)31ar QItH9,10]. 1l HAR EA] 9= 3lof| o] o] of A& Fol7] HOH 27|95 ARSShe A A B
2= EAA} Bk WA 1) o] Z7be sixjo] AR A 7R AR 32 & 4 o, Als %4 W A
EL S A Qo 2 9 o3 golow zgsr Al AT 2AEIE A, AAF B AeeExd
2 %\E]-[ll] 7] QlEHIA Bol U] ZARRte] Tl HAA (Auto Exposure Control; AEC)S £3f U3 FA| 949
" Zo B3t AL 5o thoFstA| o)A gAuH12], A SH& A7) fI8l, WS, WA 5ol S o] 2Rt
OIEHIA A& A] ZHbE|= Shxjo] ojgu|E o At Wl 3] oflA o W2 wE kS 4=HE 4= Qlr, ofof] what o
Zo] BAL o5t AAo] SR ELs o] g8 Byl tha 22 AREE Ale S0l wEt AARE A FA 3 E
2231 AARo|tH13]. o]o] wlet FA A AJER= oA} Hxde g A4 HAE ARl AAstal, B ashA
AR 2R Sajo] i3t ek 222e Wals] olxsln 0 =EEwE TA F9lol disiAs Alvbdo] 2%t = A

HesHA eEEs AN 91ES gt Fol= o] I
asieh, A Aollal= QJEHIA Alg Al TR} Aol
3t 7|2 PR THE TR} = A7} IQloH14], Al
A EAo] mlE AR Tt QQlol| el HeatA| st
7|+ ofgltHis,16].
2 Aol A= QJIEHIA A& Al AR FA] Bt =E
B A A7l gt S Hrlstal, AsF AskE 9

3 3D Y A7) ol et A4S Brpstua B
HER ARAE SRS, A 90l o 10

o A9, XA WA HIE A7k AARle] X3t 3]
Qs e Mg BT Jehslon), ol Ad HA%
Yol T2 Y Son et il oA e
SIA)5 A4k} e 7] Alee) A9 1A 0w e X
upaE 23hAe] Abghad
= L}E}LH Aoz s,

K=
LA TN AV

AF& R %Oi

4

cr IElIA Al
3= A
7)1 Abgol w2 Ak}
Zé‘_ﬂ} Azo] YA S 9 “‘EOH H] 2|5}
Baje} BAuto)
3 7]E0

E3|| ABS+W
ave Ll
g7 oA AgFo] 23]
25 ARFA of

“11_ A=

ol
(o)

3
=
B
o
o
~
>
[
o L

-
.

‘%E}.
_"

A
~

i

J
A48 vlgol 29 aslow 42
AFE 9 v Hole] 1

o] 7%, o diu] 24 819 ol

7]
qo] B
=

F>m

(o] S /1\:1_
o, dAF e YA = 22 %
2 o S7hEE 29 BT ol =t
ol ot Ao YA, 2Hg ZMIZHE
Al W oE ERbe] ATIAE ARl ks
o2 A=

p

flo <t
mL oL of

]

2
=2 T A

5ol Tt GaES QXBtolok & Holth. o]F 4
7] $13) Ak 2919 x0] A7) 7 Abgo] ol Alcte

A sl HUA OJ2uE HAslo] £2F Fole}
ARE, BT 2 AR AU S B

=13

=Lz o 1

C})JIJL:: HOP(\DJ_—OID—% b e B3

Ao ghetect

2

542 F8) Al 59
P molom, 23l
§ Ao e
EG A4 A% Al 3D
5o amsivel 42,
on, A% 29
o 4SS o) Feel 28 )
& AEEC, olo] ujek S|z of ) AN A
Al 9 AR AN S A T 2k
b loln], AshEl [ A ARguTL of
PR S F o R R Hasks)) S e
b e mo

jus Off
M
o =2 e

=

Foor N 2 [H o2 ™ 2
i
ot
o oX P~

o

A o B

E
o2
] Olv

Ir

[
)

i
q =
OEFJ“

©
i<}
fo
ot
T
1 o

REFERENCES

[1] Ministry of Food and Drug Safety, Radiation pro—

b 7)&3s 20209 Al434 A3E 175



(2]

[3]

(4]

[5]

(6]

[7]

(8]

[9]

tection guidelines to reduce patient dose in inter—
ventional procedures, Radiation Safety Management
Series, No, 36, 2014,

Park H, Kim YW, Jeon JS, Reference levels for pa—
tient Radiation Dose in interventional radiological
procedures,
Radiology. 2012 Feb;6(1):11-7,

Valentin J, Avoidance of radiation injuries from

Journal of the Korean Society of

medical interventional procedures, ICRP Publication
85, Annals of the ICRP, 2000;30(2):7—67,
Ministry of Food and Drug Safety, Radiation pro—
tection guidelines following interventional radia—
tion procedures, Radiation Safety Management
Series, No. 11, 2006,

Kim JH, Cho YI. Dose assessment of the eye of the
operator in the field of angiography and interven—
tional radiography. Journal of the Korean Society
of Radiology. 2018 April;12(2):209-16,

Lim YK, Assessment of occupational dose to the
staff of interventional radiology using monte carlo
simulations, Journal of Radiation Protection, 2014
Dec;39(4):213-7,
https://plabs.co.kr/board/free/read, html?no=522
&board no=7

Ceh J, Youd T, Mastrovich Z, Peterson C, Khan S,
Sasser TA, et al, Bismuth infusion of ABS enables
additive manufacturing of complex radiological
phantoms and shielding equipment, Sensors, 2017
Feb;17(8):459.

Ministry of Food and Drug Safety. Interventional
radiation treatment device performance evaluation
technical information, Radiation Safety Management
Series, No, 11, 2011,

[10] Kim JH, Kim JS, Kim TI, Kim YE, Kim CM, A study

on the annual cumulative radiation exposure of pa—

(11]

[12]

[13]

[15]

[16]

[17]

tients undergoing transhepatic artery chemo—
embolization (TACE), Journal of Korean Society of
Cardio—Vascular Interventional Technology, 2015,
18(1):69-76,

Balter S, Hopewell JW, Miller DL, Wagner LK,
Zelefsky MdJ, Fluoroscopically guided interventional
procedures: A review of radiation effects on patients
skin and hair, Radiology. 2010 Jan;254(2):326—41,
Schueler BA, Vrieze TJ, Bjarnason H, Stanson AW,
An investigation of operator exposure in interven—
tional radiology. Radiographics, 2006;26(5):1533
—41,

Kang BS, Yoon YS, Evaluation of patient radiation
doses using DAP meter in interventional radiology
procedures, Journal of Radiological Science and
Technology. 2017;40(1):27—34.

Park HS, Lim CH, Kang BS, You IG, Jung HR, A
study on the evaluation of patient dose in interven—
tional radiology. Journal of Radiological Science
and Technology, 2012;35(4):299—-308.

Jung WK, Radiation exposure and its reduction in
the fluoroscopic examination and fluoroscopy—
guided interventional radiology. Journal of Korean
Medical Association, 2011 Dec;54(12):1269-76.
Rehani MM, Ciraj—Bjelac O, Vano E, Miller DL,
Walsh S, Giordano BD, et. al, Radiological pro—
tection in fluoroscopically guided procedures per—
formed outside the imaging department, Annals of
the ICRP, 2010;40(6):1-102,

Paek SM, Kim HJ, Yu BK, Ha ES, Park JY, Jo YG,
A study on the reduction of exposure dose by
shielding the major organs of patients in interven—
tional procedures (TACE), Journal of Korean Society
of Cardio—vascular Interventional Technology, 2012
June;15(1):103-9,

e EE A% x|
1R}, DA} e SRR/ Faolsh HPAFAL

176 Journal of Radiological Science

and Technology 43(3), 2020



