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Production and Utility Assessment of Pediatric Genital Shields Using 3D Printing
Technology with Colorjet 3D Printing

In-Ja Lee-Da-Yeong Hong

Department of Radiological Science, Dongnam Health University

Abstract In this study, the aim was to assess the shielding performance of different 3D printing materials, specifically
those produced using FDM, SLA, and CJP methods, with a focus on their application as shielding devices in clinical
settings. Additionally, the weight of lead shielding materials can evoke reluctance in pediatric patients undergoing X-ray
imaging. A total of 12 materials were printed using their respective 3D printers, These materials were then subjected to
X-ray testing using diagnostic X-ray equipment and an exposure meter, The goal was to evaluate their shielding capa-
bilities in comparison to 1 mm lead. The results of this evaluation revealed that VisiJet PXL-Pastel, produced using the
CJP method, exhibited the highest shielding performance. Therefore, VisiJet PXL-Pastel by CJP method was selected for
the creation of a shielding device designed for pediatric reproductive organs, Subsequent tests demonstrated that both the
newly created shielding device and conventional lead shielding equipment achieved the same maximum shielding rate at
50 kVp. Specifically, the shielding rate for the 3D printed device was measured at 84.53%, while the conventional lead
shielding equipment, categorized as Apronl (85.74%), Apron2 (99.98%), and Apron3 (99.04%), demonstrated similar
performance. In conclusion, the CJP-produced VisiJet PXL-Pastel material showcased excellent radiation shielding capa-
bilities, allowing for anatomical observations of the target organs and their surrounding structures in X-ray images,
Furthermore, its lower weight in comparison to traditional lead shielding materials makes it a clinically practical and use-
ful choice, particularly for pediatric applications,

Key Words : 3D printing, 3D Printing Materials, Colorjet printing, Pediatric reproductive organs, Radiation Shielding
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o} 2171g 24w A2l EH 3D T Ao o}
2 Ano) A7 A5 W] g8l ztzte) Aw HEe
AFstol Ade Aaskdeh. Az B2 APAS o8
2% 5 Qs 71 240] ALo] =9 50X20X10 miE A2t
stolom, AgE AR % 127}2]0|cKTable 1)(Fig, 1),
Table 1, Information of 3D printing materials
Material Device Method
Clear
HTv2 Formlabs Form 3
Elastic
Flaxa693 oA
Invitra977 X-fab
Vitra430
PLA
TPU
ABS Ultimaker3 FDM
Bone lab
Bone
VisiJet PXL - Pastel ProJet 660 Pro gJp

* PLA : Poly Lactic Acid, TPU
¢ Acrylonitrile-butadiene-styrene,

¢ Thermoplastic Poly Urethane, ABS
CJP : ColorJet Printing

Fone Ll , “ nhw | % - Rawa 43 Vﬁohﬂ-
%= lowitra AN MHTu
‘»Ew

I L nos . 1[

X=Vitm B30

Fig. 1. 3D printing material samples, From the top left Bone
lab, Bone, Visidet PXL-Pastel, PLA, TPU, ABS, Flaxa693,
Invitra977, Vitra430, Clear, HTv2, Elastic,
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X-RAY UNIT, DRGEM, Korea)& ©|-83}%.0m 2A]&F9|oF
EHAYe) ok Ak GAIS HAj) BEBY Tlo|Eetel
of 71z35ko] A ZAL 100 mA, 0.1 secE 143}l 50 kV,
60 kV, 70 kVZ2 kV HE FQJeH17], A= 100100 mn
© Al SoblE S8 ff7t 5471 1k #1=]E 100 cm
2 AAstkFig. 2).

(A) B)
Fig, 2, Equipment used to measure doses, (A); Iba dosimeter,
(B); Diagnostic digital X-ray unit,

22t HlolEs Fdol W ARAE fIAA7IAL 1 el
A7 AMES 27 50 kV, 60 kV, 70 kVE W= g3}

7k 334 HHE &Y & ARF] Ht gk Foto] AHEEE A
4FFATHFig, 3)(Eq. 1). F7FHCo= 1 m 5= Jof A%
9 &S SAste] A= AME vwshylch A2
ohe )t e Aoz AbEs 4= Qi)

ShieldingRate (%) = (NS— S/ NS) < 10 Eq. 1.

*NS : Dose without shielding, S : Dose with shielding
Eq. 1. A measurement that determines the performance

of a radiation shielding material

X-ray tube

Unit: cm | @ |
H Collimator
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Fig. 3. Method of dosimetrically measure
3D printing materials,

2. ASK| EAb gHAlO| Visidet PXL—Pastel XHEE

o|&sh RHHX| x|=f

AMEAY At AFA A FAlol2t Eel= Color—jet
3D printing(CJP)2] VisiJet PXL—Pastelol|4 7} =2
algo] SAE e, 2 Y7 E olgsto] Aot AHAE
A& st A; skt Ao AHHA= 104] ofoke] Hat Z4t
7](103.1mm X 69,9 mm) & 7]F 02 Aolg QYA X
HAE A2FeFTH17,18],

-

1) 3D =9

SolidWorks(Waltham, MA) &2 7218 0]85}0] 70><100X10
me| S R F00] STL HAR Westol A%
shoickrig, 4).

(A) (B)
Fig. 4. (A, B); 3D modeling of shielding sheet,

2 8D xUE 29 I FE

Z8of ARES) 3D ZHE|E Projet 660 Pro(3D Systems,
Usp)olm &8 AR oF 3280] AQFGoH, 29 59
FA] 24 Fgelo] A0 of g0io] LR et
(Fig. 5).

H

(A) (B)
Fig. 5. Shielding sheet made by 3D printer, (A); 3D printer,
(B); 3D printed shielding sheet,
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AE 23 o, KUB(kidney ureter bladder)&<dS 3l Z J s e o] =8 v|wdlr] Yol YAroA o)==
ATt sotliEg S-S 913 5471 149 A& 100 cm, Apronl, Apron2, Apron3< 3D ZHH |7 HZ A1)
ZAPR= iliac crestE 4410 R AHERL} pubic symphysis U HY oA 7} 334 RHE HPsto] A 2 A
= Zgote] 350450 mni AstGlth(Fig. 6). FF2 &S FAsHUckTable 2).
& #jBololEelu ol 4o} Ut Yafolst HAlY] HER
o 7lol=glelo] 7]|x3te] A WA 50kV, 100mA, 40 mAs,
= WA 60kV, 100mA, 32 mAs, Al ¥# 70kV, 100mA, 20 . 2 ¢
mAsE AAS] A} sh= 19lo] SHES FAsH o
2} skl o, XA S 7} 334 viE 2ojs)

k o ‘} l‘l i l EPE}j 314 23 i {2t 3D male xzo| AtHS
of Bt AFgS SAsIh S4E Ht ALE e &
42 Hgsto] Aol ABIATHEG, 1), cheyet 3D 2R Pajel] weh 12714 Am At A

Z9 A 9 AHleS 45| 28 9 245 10 mAs
2) W WaEze A 9 s =4 2 skl kV gH& 50 KV, 60 kV, 70 kV2 F71A1A AE
& At AR okt 2,

CJP HFA19] VisiJet PXL—Pastel 2 A2Fst 2pw 79} 7] = AR Ak T g

Table 2, Lead Apron list
Apront Apron2 Apron3
Manufacturer Burlington medical centre Shielding International Sung Kwang Meditech
Lead thickness 0.175 mmPb 0.5 mmPb 0.25 mmPb

Table 3, Results of dose and shielding rate of 3D printing materials in X-ray (50 kV, 10 mAs)

Printing Type Materials Dose [uGy] Shielding rate [%)]

None 257.40 -

’ 1 mm Pb 0.01 99.99

Clear 192,00 25.40

HTv2 188.90 26,61

" Elastic 196.50 23,66

Flaxa693 195.70 23.97

Invitra977 185.80 27.81

Vitra430 196.00 23,85

PLA 181.80 29.37

TPU 191,60 25.56

FDM ABS 195.20 24,16

Bone lab 141.50 45.02

Bone 129.40 49.72

gp VisiJet PXL - Pastel 40.21 84.37
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Table 4, Results of dose and shielding rate of 3D printing materials in X-ray

(60 KV, 10 mAs)

Printing Type Materials Dose [uGy] Shielding rate [%]

None 375.50 -

' 1 mm Pb 0.26 99.93

Clear 283.80 24,42

HTv2 292.60 22,07

Elastic 299.70 20,18

oA Flaxa693 293,80 21.75

Invitra977 292,10 2221

Vitra430 292,20 22,18

PLA 268.80 28.41

TPU 291.70 22,31

FDM ABS 296.60 21,01

Bone lab 218.50 41.81

Bone 204,10 45.64

cJp VisiJet PXL - Pastel 80.60 78.53

Table 5, Results of dose and shielding rate of 3D printing materials in X-ray

(70 KV, 10 mAs)

Printing Type Materials Dose [uGy] Shielding rate [%)]

None 552.20 -

_ 1mm Pb 1.79 99,67

Clear 428,30 22.43

HTv2 431,80 21.80

Elastic 442 .20 19.92

SLA Flaxa693 441,20 20.10

Invitra977 431,60 21,84

Vitra430 431,50 21,85

PLA 410,50 25.66

TPU 431.20 2191

FDM ABS 436,80 20.89

Bone lab 329.00 40,42

Bone 307.10 44.38

(@)% VisiJet PXL - Pastel 146.00 73.56

50 kV, 10 mAs #2104l 1mn = H-& 0,01 uGy=
AHlE 99.99%% 7 =S}, 3D ZHY A& ME 5 CJP
141 9] VisiJet PXL—Pastel©]| 40,21 uGy= 148 84,37%
o] 7M=& AHER S4EUIL FDM %4]2] BoneO|
129,40 uGy= b8 49.72%, Bone labo| 141,50 uGy=
A& 45,02% w22 =2 AHlEo] S EUTHTable 3).

60 kV, 10 mAs ZFzo)A 1m == Fo] 0.26 uGy
2 A& 99.93%7F A EPen, cIJP 9] Visidet
PXL—Pastel©] 80,60 uGy= 29l 78.53%, FDM 419
Bone©] 204.10 uGy= A[H| & 45.64% <O 2 52 H&
o] S Utk Table 4).

70 kV, 10 mAs EJx=NA 1 == Fol] 1.79 uGy
2 29& 99.67%°] SAE o CIJP W49 Visidet
PXL—Pastel©] 146,00 uGy= 2pu|& 73.56%, FDM H2] 9]
Bone©] 307.10 uGy= X}#|& 44.38% 407 =2 29§
o] Z4 = tHTable 5).

50 kV, 10 mAs oj]A] =& 3D =g A7 HEZEo0] 2
Al e lew kV gho] Z71ste] wet Abel&-S 2
AT RISk}, E3h BE 2ofA &4 TS AlQlst
™ CJP W19 VisiJet PXL—Pastel©] 71 =2 24|82
UebdS gelstitk(Fig. 7).
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Fig. 7. The graph of 3D printing materials shielding rate
according to tube voltage variation,

2. A& Mk

VisiJet PXL—PastelS ©]-83}0] A|2gE 4o} AJAl7]8
HelAle] YA U oS ZHT Ane e}

2t

50 kV, 40 mAsol| A 2} AH|7} ¢S wf 1558,00 uGy, 2+
HA7F 9 wf 241,00uGy = ApH&o] 84.53%7F S =S
om 60 kV, 32 mAso|A] 2H|AI7F 1S wf 1969.00 uGy,
A 7E k& wff 400.1 uGy & A& 79,68%% SA
a1, 70 kV, 20 mAso| A XA 71 912 w] 1700,00 uGy,

A A7F S w 427,10 uGy= Z}HlE 74,87%7F S
o] 50 kVl fj 84.53%= 71 =2 2jg|Lo] 2AHEL ol
i i

3. Y "Hts=ol M2k gl xEEe =& Zotet 3D

printing A& XA ete| XtHE H|w

50 kV, 10 mAs©j|4] ApronlZ 36.69 uGy, Apron2+= 0.03
UGy, Apron3¢] 2,45 uGy= Apronl2 A 2|3t Apron22}
Apron3@| 2| &0] 99%7} Zighe 2163 tHTable 6).

60 kV, 10 mAs©]l4] Apronl2 62,32 uGy, Apron2+= 0.68
10.12 uGy= ApronlS A 2|3t Apron22}
Apron39| Aol 95%7}F Z21ghe 218 tH(Table 7).

70 kV, 10 mAsof|A] Apronl-2 101,40 uGy, Apron2+= 3.43
UGy, Apron3-2 27.33 uGy= Apronla A 2|3t Apron22}
Apron3®] 2| &-0] 95%7} 2 1ehe &5kt H Table 8).

Zy71o] A%k kV Zhol| A VisidJet PXL—Pastel AZ3} A
2 oA A% QA7 15% TR W2 S

HEGl), olel 7|2 W WEEToh vl A5k, A A}
WA PEET B KV glo] Z74E4E AL
At o, 50 kVollA] AjRF X H| A= 84.53%, Apronl
85.74%, Apron2+ 99.98%, Apron32 99 04%%E H5F Z]
o Apslgo] ZHE, WA ke el Apronizh

UGy, Apron3-2

; .Il)l'

E

Table 6, Shielding rate results of apron and 3D printed shielding sheet by X-ray (50 kV)

Sheet Shielding rate [%)]
Apronl 85.74
Apron2 99.98
Apron3 99.04

3D printed shielding sheet 84.53

Table 7, Shielding rate results of apron and 3D printed shielding sheet by X-ray (60 kV)

Sheet Shielding rate (%)
Apronl 83.40
Apron2 99.81
Apron3 97.30

3D printed shielding sheet 79.68

Table 8, Shielding rate results of apron and 3D printed shielding sheet by X-ray (70 kV)

Sheet Shielding rate [%)]
Apronl 81.63
Apron2 99.37
Apron3 95.05

3D printed shielding sheet 74.87
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