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Evaluation of Application of 3D Printing Phantom According to
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3D printing is a technology that can transform and process computerized data obtained
through modeling or 3D scanning via CAD. In the medical field, studies on customized 3D printing
technology for clinical use or patients and diseases continue. The importance of research on filaments
and molding methods is increasing, but research on manufacturing methods and available raw materials
is not being actively conducted. In this study, we compare the characteristics of each material according
to the manufacturing method of the phantom manufactured with 3D printing technology and evaluate
its usefulness. We manufactured phantoms of the same size using poly methyl meta acrylate (PMMA),
acrylonitrile butadiene styrene (ABS), and Poly Lactic Acid (PLA) based on the international standard
phantom of aluminum step wedge. We used SITEC's radiation generator (DigiRAD-FPC R-1000-150) and
compared the shielding rate and line attenuation coefficient through the average after shooting 10 times.
As a result, in the case of the measured dose transmitted through each phantom, it was confirmed that
the appearance of the dose measured for phantoms decreased linearly as the thickness increased under
each condition. The sensitivity also decreased as the steps increased for each phantom and confirmed
that it was different depending on the thickness and material. Through this study, we confirmed that
3D printing technology can be usefully used for phantom production in the medical field. If further
development of printing technology and studies on various materials are conducted, it is believed that
they will contribute to the development of the medical research environment.

Key words: 3D printing, Phantom, PMMA (Poly Methyl Meta Acrylate), ABS (Acrylonitrile Butadiene Sty-
rene), PLA (Poly Lactic Acid)
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Fig. 1. Aluminum Step Wedge model (140 mm X 62 mm X 35 mm).
WA E3E WsiEY A1 Y TRo)E A
7] (Step Wedge)g 71502 AZ=(140mm X 62
mm) 5t} the =S Aldstgon Afdd=s
2ot (Fig. 1).
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2.1.1. 3D 23

TS o]t PMMA (Poly Methyl Meta Acrylate),
ABS (Acrylonitrile Butadiene Styrene), PLA (Poly Lactic
Acid) 7\H7\1§ 7_}-71— 501%]- 3_7]94 ﬁ‘BELO_ 11]17'3]-9111]'
PMMA WH2 ofad F4Z2 o= dfofel Fopo| A He
e flol AHgEE WE i L 2AE 2851

O, ABS WH-2 HA| 7|53 9] SLA (Stereo Lithography
Apparatus) 712 AHgsko] AZIstct, pLA WES
= L =2 55t A=HA9] DM (Fused Deposition
Modeling) 7|H-& AH&-5to] Al&sHoATh (Fig. 2).
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Fig. 2. PMMA phantom (b), ABS phantom (c), PLA phantom (d) are made in the same size and shape according to the Aluminum phan-

tom (a).
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Fig. 3. X-ray generator model (DigiRAD-FPC R-1000-150, SITEC,
Korea).

150)E ol-&al &Y= a5t (Fig. 3). XA Ho 2R
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Aol AZA| (Piranha) & XA FH T F712 B3t
AE HAISH] Qs A=A okl E B F
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T ATRAS
AdS APttt A 42 B9 60, 80, 100kvp =
oM e o] gl 737 Ade S5t 24 HHE=
gAY F AT ~7W 71v ST A =
AL o gor, A% 74 109] S5kl Bt Y
< 7]55F3I T (Table 1)
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Table 1. Parameter for dose measurement

Parameter Value
Tube voltage (kVp) 60, 80, 100
Tube current (mA) 400
Exposure time (sec) 0.1

A 11GA7HA] TLetE A0 Piranha A% 9] RTI Dose
Probe S Y AAIA HAFE X135ttt (Fig. 4).
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Sheilding Rate (%) = (1 —=W/W,) x 100 (1)

2.2.3. M4 (Linear attenuation
coefficient, y) &4

AgeAT= v 4 (2)F 285t ALtskoit #

= AHoA S4E AdE 44 A A= ()= F

o, 7y S o] Az QA FA (x) ol Tt 119

7HA] B AT (1) 451 Aluminum, PMMA, ABS,
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Fig. 4. Measuring arrangement of RTI Dose Probe for dosimetry.
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Fig. 5. The result of Aluminum phantom dose values measrued at
60KkVp, 80KVp, 100kVp.

V=t 2T 60 kVp, 40 mAsOM o] gl o
e 566.1 uGy, 1 stepd ™ AT 204.78 uGy, 2 stepd
o] 108.34 uGy= TAZ} S7Heto] whet g2 ow A4
5to] 11 stepd W= 3.9196 pGyOﬂQUJ] 80 kVp, 40 mAs]|
A Eo] §le wo] ATFS 1148.8 uGy, 1 stepd T A1=F
2 496.8 uGy, 2 stepd ™ 305.3 uGy= TAZ} SVl ot
2} APH o2 7rAasto] 11 stepd ™ 25.516 uGy 2™,
100 kVp, 40mAs°1W Welo] glS wie] M2 1825 uGy,
1stepd o ATF2 922.44 uGy, 2 stepd T 621.02 HGy_EL
SAZE F7Fetol whet A o= A4St 11 stepd
78.61 yGy = Tables 2~48} Zro] 2H1e 4= Q1 Itt (Fig. S).
PMMA HES o]-§5to] T = AdS 3y 43
= E1r"iﬂr L 60kvp, 40 mAsOll A WE o] gla wef A
2 631.58 uGy, 1 stepd ™ A2 423.28 uGy, 2 stepd
‘IH 357.90 uGy= AL S7Hetel] mhet AgAow A
5t} 11 stepd W= 92.88 uGy 2™, 80 kVp, 40 mAs©lIA]
MWeo] 1S ufo] M 1143.2 uGy, 1 stepd o] A
872.78 uGy, 2 stepd ™ 760.16 uGy= THA7F Z71ste] wt
2} APH o2 7rAasto] 11 stepd ™ 237.62 uGy 2™,
100kVp, 40mAs°ﬂ/‘1 Welo] gl who] A2 1859.2 Gy,
1stepd T ATF2 1463.6 uGy, 2 stepd T 1296.8 uGy=
AZE SVl whet APH o= ZFASH 11 stepd
465.9 uGy= Tables 2~42} o] E1gh 4= 919] E}(Flg 6).
ABS WH5 o]-gsto] TR AeolS JRYet Ay=
Tk 2 60 kvp, 40 mAsOﬂ/ﬂ goj %1% o] A=
2 564.04 uGy, 1 stepd T A2 482.84 uGy, 2 stepd
435.6 uGy= AL STt meEt dgA o7 asto]
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Fig. 6. The result of PMMA phantom dose values measrued at 60
kVp, 80kVp, 100KVp.
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Fig. 7. The result of ABS phantom dose values measrued at 60
kvp, 80kVp, 100kVp.

11 step W= 177.42 uGy .2, 80KVp, 40 mAsol| A HH
o] gl-& wjo] Ak 1136.8 uGy, 1 stepd T AL 980.7
uGy, 2 stepd T 897.44 uGy= GAI7F S7Fe]| whet A
2O g ZA5to] 11 stepd ™ 399.88 uGy 2™, 100 kvp,
40mAs°l4] E o] g2 w O] AT 1828.4uGy, 1 step
of A=F2 1584 uGy, 2 stepd ™ 1463.8 uGy= A7t 57F
ol whet g2 or FAsto] 11 stepd W 703.36 uGy
2 Tables 2~48}F Zo] 21 4= 1T (Fig. 7).

PLA WH-S o]§sto] AR A9 A3yt A=
h23t 2T 60 kVp, 40 mAsOllA] E O] gl wjo] M
= 587.06 uGy, 1 stepd ™ AT 528.1 uGy; 2 stepd
476.82uGy= TAZF S etol wheh A A o g 74-sto]
11 step¥ = 216.68 uGy %.2.™, 80kVp, 40 mAsol| A HH
o] §l& ufo] AL 1168.2uGy, 1 stepd T AL 1065.8
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Fig. 8. The result of PLA phantom dose values measrued at 60
kVp, 80kVp, 100kVp.

uGy, 2 stepd ™ 897.96 uGy= GAZ} F7Fetol whef A9
Ao 7hA5to] 11 stepd T 484.76 uGy H.2™, 100 kvp,
40mAsoll A o] Q12 wjo] A2 1836.8 uGy, 1 step
ol A2 1633.8 uGy, 2 stepd ™ 1534.4 uGy= AL 5
7¥ghof| ket AP A o2 745t 11 stepd W 769.26 uGy
I Tables 2~42} Zro] EIT 4= Q1 3ITh(Fig. 8).

3.2, XE 3! 24|+ Hin

60 kVp, 40 mAs 27104 MEE, A 2}-&-2 Alu-
minum, PMMA, ABS, PLA W& =92 63.82%, 32.98%,
14.4%, 10.04% 2] 2}H&-& Bk DA FS71eto] o
2t 2t &2 AgA e g Frtstkglon 11eA oA 2] 2
H-8-& Aluminum, PMMA, ABS, PLA WE 22 99.3%,
85.29%, 68.54%, 63.09% 2 1THAO)| A 2] Zpm|-gof H]a]
55.59%, 158.61%, 375.91%, 528.39%7} 75t et A7t
A4 Aluminum, PMMA, ABS, PLA ¥ 2 & .32,
0.126, 0.049, 0.033°] gto] 7= et BAZt Z71atel o
ot A= AgA R gastelon 11dA oA e A
A& 0.142, 0.055, 0.033, 0.028= 1A A 2] A=A
of| #]5}| Aluminum, PMMA, ABS, PLA W& <02 56.2%,
56.3%, 32.6%, 15.1%7} 2451t (Table 2).

80kVp, 40 mAs 104 WEE TAE A& Alu-
minum, PMMA, ABS, PLA ¥ =92 56.75%, 23.65%,
13.73%, 8.77%°] 1582 BTt A7} 57kl uhet
&2 AgHor ZIFetlom 11T9A o 419] 2|
42 Aluminum, PMMA, ABS, PLA ¥ =02 97.78%,
79.21%, 64.82%, 58.5% = 1A A ] 2}u-&of H]sf
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Table 2. Comparison of sheilding rate and Linear attenuation coefficient of each phantom (60 kVp, 40 mAs)

Aluminum phantom PMMA phantom ABS phantom PLA phantom
Step Dose aﬁig?lzﬁon Shielding  Dose attlelrllrllli;:on Shielding  Dose attg;i:;on Shielding  Dose aﬁi:l?lt;i:on Shielding
0 0y 0 0
(uGy) coefficient () () coefficient "% G %) coefficient  °° G sy coefficient  °° (©9)
0 566.1 - - 631.58 0.065 - 564.04 0.07 - 587.06 - -
1 204.78 0.320 63.82 423.28 0.126 32.98 482.84 0.049 14.40 528.10 0.033 10.04
2 108.34 0.260 80.86 357.90 0.089 43.33 435.60 0.041 22.77 476.82 0.033 18.78
3 64.9 0.227 88.53 309.24 0.075 51.04 393.44 0.038 30.25 429.32 0.033 26.87
4 40578 0.207 92.83 266.78 0.068 57.76 359.32 0.035 36.30 388.26 0.033 33.86
S 27.624 0.190 95.12 231.34 0.063 63.37 328.64 0.034 41.73 367.02 0.030 37.48
6 18.368 0.180 96.75 201.36 0.060 68.12 300.56 0.033 46.71 340.08 0.029 42.07
7 12722 0.171 97.75 176.40 0.057 72.07 274.42 0.032 51.3§ 319.54 0.027 45.57
8 9.26 0.162 98.36 153.56 0.056 75.69 252.10 0.032 55.30 293.54 0.027 50.00
9 7.3222 0.152 98.70 132.44 0.055 79.03 228.74 0.032 59.45 263.76 0.028 55.07
10 49152 0.149 99.13 112.98 0.054 82.11 203.74 0.032 63.88 243.82 0.028 58.47
11 3.9196 0.142 99.30 92.88 0.055 85.29 177.42 0.033 68.54 216.68 0.028 63.09
Table 3. Comparison of sheilding rate and linear attenuation coefficient of each phantom (80kVp, 40 mAs)
Aluminum phantom PMMA Phantom ABS phantom PLA phantom
Step Dose atti:;ii)ﬂ Shielding ~ Dose att];rllrlllf::on Shielding  Dose att]edrl:lz:iron Shielding  Dose attledrl:l‘ziron Shielding
0 0y 0 0
(uGy) coefficient rate(%)  (uGy) coefficient rate(%)  (uGy) coefficient rate(%)  (4Gy) coefficient rate(%)
0 11488 - - 1143.20 - - 1136.80 - - 1168.20 - -
1 496.8 0.264 56.75 872.78 0.085 23.65 980.70 0.046 13.73 1065.80 0.029 8.77
2 3083 0.208 73.42 760.16 0.064 33.51 897.44 0.037 21.06 897.96 0.041 23.13
3 209.66 0.178 81.75 667.30 0.056 41.63 820.56 0.034 27.82 898.42 0.028 23.09
4 14836 0.161 87.09 590.68 0.052 48.33 758.14 0.032 33.31 827.16 0.027 29.19
S 111.34 0.147 90.31 522.54 0.049 54.29 700.40 0.030 38.39 794.14 0.024 32.02
6 83.632 0.137 92.72 464.40 0.047 59.38 647.00 0.030 43.09 740.02 0.024 36.65
7 6478 0.129 94.36 414.92 0.046 63.71 595.64 0.029 47.60 698.70 0.023 40.19
8 S51.56 0.122 95.51 369.40 0.044 67.69 553.48 0.028 51.31 657.84 0.023 43.69
9 41.686 0.116 96.37 325.34 0.044 71.54 507.68 0.028 55.34 598.50 0.023 48.77
10 32.228 0.112 97.19 282.86 0.044 75.26 457.40 0.029 59.76 557.88 0.023 52.24
11 25516 0.109 97.78 237.62 0.045 79.21 399.88 0.030 64.82 484.76 0.025 58.50

72.3%, 234.93%, 372.1%, 567.05% 7SI Tt A7FeFAl4
= Aluminum, PMMA, ABS, PLA W& 40 2 0,264, 0.085,
0.046, 0.029°] gro] S| Uk A 7F Skl et A
ToAS= A& FAastelom 1194 0fA 9] Al
Z]E 0.109, 0.045, 0.03, 0.025%2 1A A 2] Als=]of| H]
5] Aluminum, PMMA, ABS, PLA HY] £&902 7} §8.7%,
47.05%, 34.7%, 13.8%7} 734+ T (Table 3).

100kVp, 40 mAs 7114 HEH THAE 2hel&-2 Ale-
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minum, PMMA, ABS, PLA W¥ 092 49.46%, 21.28%,
13.37%, 11.04% 2] 2tH&-& B 3Ith A7} S7Fgol =t
2t 2t a2 Ao r Frtsal o™ 119A A9 2t
H-8-2 Aluminum, PMMA, ABS, PLA W& =2 2 95.69%,
74.94%, 61.53%, 58.11% 2 1A o)A 2] 2}=-&of H]5]
93.47%, 252.16%, 360.21%, 426.36%7} Z7}5FATt. A4
= Aluminum, PMMA, ABS, PLA ¥ 49 2 0.215, 0.075,
0.046, 0.0372] gto] AlG= et BA7F F7Fetol et A
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Table 4. Comparison of sheilding rate and linear attenuation coefficient of each phantom (100kVp, 40 mAs)

Aluminum phantom PMMA Phantom ABS phantom PLA phantom
Step Dose auiiiifon Shielding  Dose aﬁIeJril?liiiron Shielding  Dose auiiiifon Shielding  Dose aﬁIeJril?liiiron Shielding
(uGy) coeflicient =EEs) () coefficient =) () coeflicient =EEs) () coefficient )
0 1825.00 - - 1859.20 - - 1828.40 - - 1836.60 - -
1 922.44 0.215 49.46 1463.60 0.075 21.28 1584.00 0.046 13.37 1633.80 0.037 11.04
2 621.02 0.169 65.97 1296.80 0.057 30.25 1463.80 0.037 19.94 1534.40 0.028 16.45
3 454.58 0.146 75.09 1158.20 0.050 37.70 1358.60 0.034 25.69 1377.20 0.030 25.01
4 343.60 0.131 81.17 1041.32 0.046 43.99 1264.40 0.032 30.85 1280.00 0.028 30.31
S 272.62 0.120 85.06 938.26 0.043 49.53 1178.20 0.030 35.56 1226.80 0.025 33.20
6 215.60 0.112 88.19 842.66 0.041 54.68 1098.40 0.030 39.93 1143.00 0.025 37.77
7 177.10 0.105 90.30 763.22 0.040 58.95 1019.88 0.029 44.22 1081.60 0.024 41.11
8 145.88 0.099 92.01 657.10 0.041 64.66 953.30 0.028 47.86 1005.78 0.024 45.24
9 119.86 0.095 93.43 618.78 0.038 66.72 875.24 0.028 52.13 928.06 0.024 49.47
10 97.90 0.092 94.64 542.88 0.039 70.80 800.22 0.029 56.23 853.32 0.024 53.54
11 78.61 0.090 95.69 465.90 0.040 74.94 703.36 0.030 61.53 769.26 0.025 58.11

T AQAor HAastglon 119449 A2
L 0.09, 0.04, 0.03, 0.025=% 1A A 2] AZ=2]e] H]a}
Aluminum, PMMA, ABS, PLA W& 58.1%, 46.7%, 34.8%,
32.4%7}F 245 TH(Table 4).

3D 2 71&S 29 AT A= Sl utet ot

et FEI= Ao WA AFF 7hsoieh B A Al
Zro]l A glo] Al 1g-& THASkete] Alare 4= Stk
HollA HzpRleIu 15 5 of 2] 4hdat o= Fofol|A] &
|51 leH[1-3]. 5] A - 58k Eofell $lo] FDM 7]
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4, 54 8 7] wrs
% 917 E19iet18]

I 85t}19,20]. 710 AHEEH = ol=-8 WHO| 74
= AJito] o] 9] S=9e eJEsfof ot 117te] WE

o] ol 7 Hopd 2 Yst= o] WS Baoh= A2
o2& dAoltt[21].

olof o]z Fopox= g2t & Ao gt WEF 3D
ZY 7]&0] A7t AlEE I gloH
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Act[10-12]. 2L AREEE A &S]
o, 7 P o] efjel 3p ZHE FHof Tt
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23t ABS, PLA W 9] Z} Step Wedge S8 A F1}
T 9 AorAS9] vl Frte A& £k 1 A
T2 Aol s FiEe] SHH A A9 7 21
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Bi7F Ao g 7rAaghe gRlstrt. AzrekAa=<]
% Aluminum, PMMA, ABS, PLA ¥ =02 60kvp X
Aol A 1A A} Bl wslS of 11H7 Aol Aol A
BFAIG= 212 56.2%, 56.3%, 32.6%, 15.1%7F ZASHA
t}. 80 kvp X7l A 1HA Al vl w S ol 1157 A
chof| A o] MzerAls= 247} 58.7%, 47.05%, 34.7%, 13.8%
7} Aok 100 kvp 27004 194 At Bl u S
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