H378% L o AR R 2 Vol. 37 No.1
20204F 1 H Chinese Journal of Medical Physics January 2020 - 33 -
DOTI:10.3969/j.issn.1005-202X.2020.01.007 E k4t 32

3DFTENH AR F AP HI N

FOKKRA W ATEE , B %, N KRE
BB N R R BE 297 ol 14k 27 430060

[(BE]EN: 25 —FA TID PR AGEAMR B F R0 R ik, A b T RBAE e R —Fr 37 k. A
B E ST R T AR R IR R N E— B4 2 57 Varian Acuity BEd € A AL _E R 4R 2 R K60 BRSO,
B ATAT R 0 B A B2 2k kb | B T BB AR 5) 3 R AR R R G 4L 225 B SR AL A 3D AT AR A, SRR 3D AT ALATHR
AR B O G e BB A ROR R T R AR . BRI T BRI AR 69 A5 St ik d T B R TR, 3R £ Varian
23EX & F & 46 LIE AW IR EHT EA LR A TG4 STHIR T AN E, B RAER R4 R AR, #4818 £ 7T
BZEE AN, S8 A T 3D I PR ARFMEAMRC & F EZ 345 T B4 3 ek A5 B 5 14 R A K ST BT R AL 64 )

YERAE—F AT R
[ 54837 |3D 37 6p 5 v F- 4K 4545 3 5H8 77 s A3k
[HESZES]R319

[SZEfARARG A

[XE%S]1005-202X(2020)01-0033-05

Application of 3D printing technology in manufacture of lead shielding for electron beams
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Cancer Diagnosis and Treatment Center, Renmin Hospital of Wuhan University, Wuhan 430060, China

Abstract: Objective To establish an implementation method of individualized lead shielding for electron beams based on 3D

printing technology for providing a new method for the manufacture of lead shielding for electron beams. Methods A circle of

lead wire was placed on the patient's body surface where needed to be irradiated with electron beams, and the image data of this

area were collected by Varian Acuity simulator. Based on the obtained image data, the contour of lead wire was delineated in the

self-developed image processing software and modeled as a 3D printed model. The obtained model was printed out by a 3D printer,

and then was combined with a traditional lead block casting technique to manufacture a lead shielding for electron beams. Results

The contact surface of the lead shielding made by the proposed method was smooth and flat. The model was verified on Varian

23EX electronic tray and the shape of the light and shadow were perfectly matched the skin delineations by radiologists. Meanwhile,

the model manufacture was low-cost and the time for manufacture was in an acceptable range. Conclusion The manufacture of

individualized lead shielding for electron beams based on 3D printing technology has the advantages of simple steps and fast-spead,

and the obtained lead shielding has a high precision. The proposed method provides a new idea for the manufacture of lead shielding

for electron beams.
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Fig.1 Lead wire in positioning image
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Fig.2 Closed contour based on lead wire and 3D printing model generated from the closed contour
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Tab.1 3D printing settings
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Fig.3 Lead shielding manufactured based on 3D printing model
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Fig.4 6 MeV electron beam data collected by lead shielding manufactured based on 3D printing model
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Fig.5 6 MeV electron beam data collected by lead shielding manufactured based on traditional method
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Tab.2 Time and cost for 3D printing in different conditions
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Tab.3 Comparison of time consuming between

3D printing and traditional method

AR 3DFTEIEAR/Mmin - 144577 e/min
2z IR PLIT R fRAIE 0 15
L2 TR 0 15
BRI B (2RI 5 5
il R B ) 30
GEHE ST 45 45
P AbFE 2 5

HE G HY 55 20 v () A 2 1 o B RS B 0 o
AT, 5 T 4425 SRR FH AR A FIBLES 50 0, B 1
ZEW/IN, JF H 3D 4T ER T H PLA AR HE 550 175~
185 °C, WL AB I iy L8 T A /K IR 3k e X 4244
JoT i 1S A P A R A R B

FARFRATIE 5 3D FT BB A LTy il 38 ) 5T 5t T A
(TR , ks i O SR AL B AP T HUR i
W AR —Be i o5, B N7 B TR e s 22 1 [ 5
FERE AN 1A 5 B 228 RV G ) A R R X R T
AT R 158 25 02 O kB G i) o T A L RB 3 A 2 = B U iy
TAEZ 5 R 2R R B R 4 R 04T A 2/ i ]
BRI DTS W A AR L 35 43 1 25

(&% k]

(1] AR, BorRsGR, 3¢ A8 3D 474 4 [ 4 AR el o P R [T]. P
EF 38 5 &, 2016, 33(4): 389-392.

DENG B, OUYANG H B, HUANG W H. Application progress of
three-dimensional printing in medical field[J]. Chinese Journal of
Medical Physics, 2016, 33(4): 389-392.

(2] W#F, E&k, F9W, 5 DATARALEEF Paym At R[I] &
B IR (E FHR), 2016, 43(4): 490-494.

YANG XY, ZHAN C, LI M, et al. Application progress of 3D printing
in medical field[ J]. Fudan University Journal of Medical Sciences,
2016, 43(4): 490-494.

[3] &k, 2%, X4k 4, 5 3D ITHH AL E A A 69 IR AP
A[T] P B E S 4 &, 2017,27(12): 71-74.

ZHAO J, WANG D, LIU J Q, et al. Current situation and problems in
medical application of 3D printing technology[J]. China Journal of
Modern Medicine, 2017, 27(12): 71-74.

[4] YAN Q, DONG H H, SU J, et al. A review of 3D printing technology
for medical applications[ J|. Engineering, 2018, 4(5): 729-742.

[5] WANG K, HO C C, ZHANG C, et al. A review on the 3D printing of
functional structures for medical phantoms and regenerated tissue and
organ applications[J |. Engineering, 2017, 3(5): 653-662.

[6] MADAMESILA J, MCGEACHY P, VILLARREAL BARAJAS J E,
et al. Characterizing 3D printing in the fabrication of variable density
phantoms for quality assurance of radiotherapy[ J |. Phys Med, 2016,
32(1): 242-247.

[7] RICOTTI R, CIARDO D, PANSINI F, et al. Dosimetric
characterization of 3D printed bolus at different infill percentage
for external photon beam radiotherapy [J]. Phys Med, 2017, 39:

25-32.

[8] KAMOMAEA T, SHIMIZUB H, NAKAYA T, et al. Three-dimensional
printer-generated patient-specific phantom for artificial in vivo
dosimetry in radiotherapy quality assurance[ J]. Phys Med, 2017, 44:
205-211.

[9] PARK J W, YEA ] W. Three-dimensional customized bolus for
intensity-modulated radiotherapy in a patient with Kimura's disease
involving the auricle[ J]. Cancer Radiother, 2016, 20(3): 205-209.

[10] CANTERS R A, LIPS I M, WENDLING M, et al. Clinical
implementation of 3D printing in the construction of patient specific
bolus for electron beam radiotherapy for non-melanoma skin cancer
[J]. Radiother Oncol, 2016, 121(1): 148-153.

[11] FUIIMOTO K, SHIINOKI T, YUASAY, et al. Efficacy of patient-
specific bolus created using three-dimensional printing technique in
photon radiotherapy[J]. Phys Med, 2017, 38: 1-9.

[12] Tak-F, R H, A, 5 KT 3D 4797 B AR MR 2 375
FRGPIT[T]. P EE ST B A&, 2017, 46(2): 458-459.

DING J P, TU WY, HU H S, et al. Design of individualized oral
radiotherapy stent based on 3D printing technique[J ]. Chinese Journal
of Medical Instrumentation, 2017, 46(2): 458-459.

[13] T9-F, AL, A, F . 3DATH 2 5 LR A5 A G 3R

FREEEEAN TP T PReMBE s E, 2015, 22(15): 1211-
1225.
DING J P, TU W Y, HU H S, et al. Influence on normal tissue
dosimetry in intensity-modulated radiotherapy of post-operative
lingual carcinoma patients with 3D intraoral stent[ J ]. Chinese Journal
of Cancer Prevention and Treatment, 2015, 22(15): 1211-1225.

[14] 3k2R, 2 &85, 5K 20k, 5 . A1 A 3D 47 Fp SIS 48 43 4 2R AL 4T A

HEALE T T e M B IE[J]. P EF 5B 4 5 &, 2017, 37(6):
437-441.
ZHANG C, WANG Z P, ZHANG H Z, et al. Personalized conformal
radiotherapy dose verification with 3D printing cerebral radiation
equivalent phantom[J ]. Chinese Journal of Radiological Medicine and
Protection, 2017, 37(6): 437-441.

[15] AbAa, B i At BAG R AR89 BB 4541 [T ], B 6 42 &, 2001,
8(4): 416.

ZHONG Q S, RUAN Y M. Quality control of low melting point lead
production[J]. China Journal of Cancer Prevention and Treatment,
2001, 8(4): 416.

[16] & 3% A5 A 307 #4548 He b AR R £ 947 [T, vl BF 7 b5 7, 2007,
20(1): 51-52.

XIAO G Z. The error analysis of accurate radiotherapy leading block
production[ J]. Sichuan Journal of Cancer Control, 2007, 20(1): 51-52.

(177 3RBE, fR3eAN, Fdr, 5 . 3D 4790 A0 F 50 R K IR [T ). &
A, 2016, 30(1): 7-14.

ZHANG S, XU Y S, SUN S S, et al. A review on the progress of 3D
Printing Materials[ J]. China Plastics, 2016, 30(1): 7-14.

[18] #2845, J 756 . 3D ATH M PLA AR MEAERAE[T] A7 5
Max, 2017, 11: 109-111.

CHEN Y T, MENG J G. Characterization of basic performance of
fiexible PLA 3D printing materials[ J . Test and Standard, 2017, 11:
109-111.

[19] AR A A7 ABBLRIAE ¥ 206 = AR B A oy ik (1], BT k4
1% 8, 2007, 21(4): 100-101.

LIN J H. Cause and elimination of air bubbles in moulding radiation
leaden block[J]. Information of Medical Equipment, 2007, 21(4):
100-101.

[20] 0%, 5%, A, . 0 FRIBAE R ET B R X HE b T4
A Z AT [T ] 4k B R 4R, 2013, 28(4): 349-353.
LI X F, GUO F, XIE L, et al. The method of making electron beam
lead block and analysis of dose testing in X-ray plus electron beam
irradiated[ J ]. Journal of North Sichuan Medical College, 2013, 28(4):
349-353.

(TR %)



