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ABSTRACT
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In the medical field, X-rays are essential in the diagnosis and treatment of diseases, and the use of X-rays
continues to increase with the development of imaging technology, but X-rays have the disadvantage of radiation
exposure. Although lead protection tools are used in clinical practice to protect against radiation exposure, lead is
classified as a heavy metal and can cause harmful reactions such as lead poisoning. Therefore, the purpose of this
study is to investigate the usefulness of the shield fabricated using materials of FDM (Fused Deposition
Modeling) 3D printer. In order to confirm the filament's line attenuation factor, phantoms were fabricated using
PLA, XT-CF20, Wood, Glow and Brass, and CT scan was performed. And the shielding sheet of 100 x 100 x
2 mm size was modeled, the dose and shielding rate was measured by using a diagnostic X-ray generator and
irradiation dose meter, and the shielding rate with lead protection tools. As a result of the experiment, the CT
number of the brass was measured to be the highest, and the shielding sheet was manufactured by using the
brass. As a result of confirming with the diagnostic X-ray generator, the shielding rate was increased in the
shielding sheet having a thickness of 6 mm upon X-ray irradiation under the condition of 100 kV and 40 mAs.
It measured by 90% or more, and confirmed that the shielding rate is higher than apron 0.25 mmPb. As a result
of this study, it was confirmed that the shield fabricated by 3D printing technology showed high shielding rate

in the diagnostic X-ray region. there was.
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II. MATERIAL AND METHODS
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Fig. 1. Proposed CT phantom modeling for CT
number measurement.
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Table 1. Filament type

filament density

Glow fill 121 - 1.43g/cm®
Brass 3.9g/cm®
PLA 1.24g/cm?®
Wood 1.15 - 1.25g/cm®

XT-CF20 1.37g/cm®
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(c) ROI’s location on phantom

Fig. 2. CT scan by using 3D printed CT phantom.
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Fig. 3. 3D printing production process.
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Fig. 4. Radiation shielding sheet modeling for dose
measurement.
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Table 2. The output parameters of 3D printing

parameter value
Temperature of printing (C) 210
bed temperature (C) 70
Infill Density (%) 100
Printing speed (mm/s) 50
Filament Brass
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(a) 3D printer

(b) shielding sheet

Fig. 5. 3D printing shielding sheet.
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Fig. 6. Measuring arrangement for radiation shielding
sheet.

Table 3. Parameter for dose measurement

parameter value
Tube voltage [kVp] 60, 80, 100
Tube current [mA] 400
Exposure time [sec] 0.1
Colimation [inch] 1.5 x 1.5

filter [mmAl] 22
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II. RESULT
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Fig. 7. The results of CT number measurement by
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(a) radiation shielding sheet

(b) measuring thickness.

Fig. 8. 3D printed brass shielding sheet.
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Table 4. The results of the radiation shielding sheet
tests (60 kVp, 40 mAs)

Sheet Dose [mR] Shielding rate [%]
non 28.2 -

2 mm 34 87.94

4 mm 0.8 97.16

6 mm 0.6 97.87

8 mm 0.4 98.58

10 mm 0.4 98.58
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80 kVp 40 mAsolA] AS W3t A2 =
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Table 5. The results of the radiation shielding sheet E
tests (80 kVp, 40 mAs). §
i
Sheet Dose [mR] Shielding rate [%] 2
non 52.4 -
2 mm 8.8 83.21 5
4 mm 4.2 91.98
6 mn 2.2 95.80
ok .
8 mn 0.6 98.85 2mm £mm 6 mm &mm 1 mm
10 mn 0.6 98.85 Shoet
Fig. 9. Results of graph for dose according to sheet
thickness.
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64 mR, 8mn ¥ @ 44 mR, 10 mm & W 1.2 mR ©]
Ao A& 6 m A w 90%7F P A S =
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]
Table 6. The results of the radiation shielding sheet g
tests (100 kVp, 40 mAs) -
Sheet Dose [mR] Shielding rate [%] i:"
3
non 83.6 - £ &
2 mm 232 72.25
4 mm 11.6 86.12 75
6 mn 6.4 92.34
8 mm 4.4 94.74 fa
2 mm & mm Bmm B mim 10 mim
10 mm 1.2 98.56 Sheet
&1 kvp u 2 kvp w100 Vp

Fig. 10. Results of graph for shielding rate according
4. A% 2 S ¥ to sheet thickness.
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28.2 mR, Apron 0.25 mnPb ¢ o %S 1.4 mR,
Apron 0.35 muPb & @ 0.6 mR, thyroid protector
o 0.4 mR, Gonadal protectore W 0.6 mR ©]%l o™
2+ &S Apron 025 miPb 9 W 95.03%, Apron
035 mnPb ¥ @ 97.87%, thyroid protectord
97.88%, Gonadal protector W 98.87%= Table 73}
o] Vet Sl

0.25 mnPb < uwl 83.36%, Apron 0.35 miPb ¥ ]
91.15%, thyroid protectord @ 97.13%, Gonadal
protectord W 96.41%% Table 99} #o] YERNS]

.

Table 9. The results of the lead apron tests (100 kVp,
40 mAs)

Sheet Dose [mR] Shielding rate [%]
Table 7. The results of the lead apron tests (60 kVp, 40 non 83.6 )
mAs) Apron 0.25 mnPb 11.4 86.36
Sheet Dose [mR] Shielding rate [%] Apron 0.35 mmPb 7.4 91.15
non 28.2 - thyloid 0.5 mmPb 2.4 97.13
Apron 0.25 mnPb 14 95.03 Gonadal 0.5 mmPb 3.0 96.41
A 0.35 mmPb 0.6 97.87 -1 =
pron 100 kVpell A 90%o°]d2] Ad&S 1Bl 6 m ¢
thyloid 0.5 mnPb 0.4 97.88 o] 2y AEQ A& F WaETo AuH&
Gonadal 0.5 mnPb 0.6 98.87 Y 3EE 0.25mm

80 kVp 40 mAselA AE 3k Ay}, x|
AEZF §1& wje] AgFo] 524 mR, Apron 0.25 mm
Pb & u] H=2 44 mR, Apron 0.35 muPb & o
2.6 mR, thyroid protector @ 1.2 mR, Gonadal
o 1.4 mR °]loem ¥ &S Apron
025 mmPb & w 91.60%, Apron 0.35 mnPb & )
95.04%, thyroid protector ™ 97.71%, Gonadal
protector® W 97.33%= Table 83} o] ERNS]
t}.

protector

Table 8. The results of the lead apron tests (80 kVp,
40 mAs)

Sheet Dose [mR] Shielding rate [%]
non 52.4
Apron 0.25 mmPb 4.4 91.60
Apron 0.35 mnPb 2.6 95.04
thyloid 0.5 mmPb 1.2 97.71

Gonadal 0.5 mmPb 1.4 97.33

100 kVp 40 mAsol A A3 Aaat A}, 217
AE7} §l& o] A=Fo] 83.6 mR, Apron 0.25 mn
Pb & W] X3S 114 mR, Apron 0.35 miPb ¥ uj

o] 2.4 mR, Gonadal
Aom ZH &2 Apron

7.4 mR, thyroid protector®

protectord W 3.0 mR ©]
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tube voltage.
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IV. DISCUSSION
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