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ABSTRACT

Most of the phantoms currently in use are composed of acrylic and bone, which have technical limitations in
perfectly reproducing the complex density and shape of human tissue. This study addresses the limitations of
existing phantoms by using anonymized DICOM (Digital Imaging and Communication in Medicine) data to create
3D printing phantoms with filaments mimicking soft tissue, skin, fat, and bone. We then measured and compared
the CT numbers of the produced 3D-printed phantom, the conventional acrylic phantom, and the anonymized
DICOM file. The CT number measurement results for the acrylic knee phantom showed bone at 1586.64+269.78
HU and acrylic at 45.5+22.79 HU. For the 3D-printed phantom, the measurements were skin 53.2+11.5 HU, fat
-116.5£5.3 HU, soft tissue 62.943.7 HU, and bone 892.6+£38.3 HU. The measurements from the anonymized
DICOM file revealed skin at 52.5+17.7 HU, fat -115.7+2.8 HU, soft tissue 65.2+0.7 HU, and bone 929.3+103.3
HU. This study demonstrates that the CT numbers of the 3D-printed phantom are similar to those of actual
human tissue, indicating its potential for educational and clinical use. Furthermore, this study suggested that 3D
printing is a practical alternative for medical phantom production and it is anticipated that further research will
contribute to advancements in medical technology.
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II. MATERIAL AND METHODS

1. 43A=s

AA x4 s7ret Ak AHE xdsH] 93l
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i (Bone) 2 &}wl E(Petela, Gwangju, Korea)s A3}
o ZH3l3ith 52l #ho] 149 Skin¥ Soft tissue
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Skin Bone Soft tissue

Fig. 1. Filaments similar to human tissue equlvalents.

2. A9 X

CT number SHS 9381 Fig 2«2 CT
(CT-WS-21A, HITACHI, Japan)E A}&3}5lom,
Y =32 Fig. 2-(b)e] FDM (Fused Deposition
Modeling)"d4] 2] Bambu Lab *~FHE{(X1 Carban,
Bambu, China)E A}8-3}% ).

(b) Phantom output 3D printer of the FDM type
Fig. 2. Equipment used for phantom production and
usability evaluation.
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Fig. 3. Modeling Process for Phantom Production.

Open-source CT image(DICOM)

3D modeling

3IMF transform

Slicing(G-coding)
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Fig. 4. Sequence of 3D printing process.

Table 1. The output parameters of 3D printing

parameter value
Temperature of printing ('C) 250
bed temperature (C) 60
Infill Density (%) 100
Printing speed (mm/s) 50

3.2. CT number 574 % &4

A ] vlug7tE 9] 3D ZRHE =43 #
23 ol3d #WME S 120 kVp, 200 mAs, Standard
algorithm &2 CT Z=783}9it}. L $ AVIEW 2=
S o]-&3sto] Zb QA 24 9] ROIE Fig 59 &
o] A|A3FL Eq. (1)8] &= AH&ste] o=
g3 2y WY, NAAR7E oEsE DICOM
File2] CT numberE 373} T}

(a) Skin,

(b) Fat, (c) Bone, (d) Soft Tissue
Fig. 5. ROI Setup CT image.

[y — by
C'T Number = XM—‘K (1)

uw : Linear attenuation coefficients of water

ux : Linear attenuation coefficients of measured

4, B4

IBM SPSS Statistics 30.0.0IBM Co, Chicago,
USA)S o] 83}9] CT numberol] th3] ANOVA 73
S Aldst o™, p-value 0.05 o]l A fogk =}
] ]’ u}\r/}'—l— {]’%0]’%‘4.
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II. RESULT

1. o}=2¥9 ¥Y CT number 3

o}=12 Knee MH 2 ZF E2H CT number ¥ SD
£ 5437 A8l o] 7 24 Fxo ROIE A
gste] 7 1084 SAg Ay}, ol Wy W
of o}a Y 27} & FAE] QLo we] A5l =
1586.64+£269.78 HU, o}=H 9] 79 45.5+22.79 HU
7} 4= Ak

2. Knee 918 CT number &3

3D ZHUE] &2 F2 3 Knee WHS T4, A, <
22, o] 47FX] £A 07 01T<>1 Atk ot 4
WG} LA ROIE A A3t 72 10814 54
st Ayl vFo] o= 53.2+11.5 HU, A2 —
1165453 HU, AF-FZAL 62.9+£3.7 HU, W+
892.6+38.3 HU®S| ZA}gko]l 574Ut

3. 1A R} 2] 3E DICOM File CT number

o1 W7} 2] 3lE DICOM File> ¥, A4},
Z2), ol 4 F95 HAAste] otad AF
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(b) 3D printed Knee phantom

(a) Acrylic phantom

(c) DICOM File CT scan with anonymized
personal information
Fig. 6. Acrylic Phantom and 3D Printed Phantom

o] & H.ATH(p<0.05). Comparison.
Table 2. CT number measurement result for each Phantom
| 2 3 4 5 6 7 8 9 10 Average
Fat - - - - - - - - - -
Acrylic Skin _ _ _ _ _ _ _ ~ _ _
Cortical Bone 1460.2 14144 1488 1397  1013.3 1357.5 1093.9 896.8 1496.5 1418.6 1303.6+£21.6
Soft Tissue 67.4 65.9 60.4 60.9 56.2 57.2 58.1 45.1 57.7 58.7 58.7+£6.0
Fat -108.4 -120.2 -118.6 -122.4 -121.6 ~-113.8 -120.1 -119.5 -108.5 -112.3 -116.5+£5.3
3D Printing Skin 61.8 649 596 459 495 328 721 541 438 478 532+11.5
Phantom Cortical Bone  925.8 920.1 857.9  940.6 8772 9157 890.7 9159 8659 816.3 892.6+38.3
Soft Tissue 63.9 60.2 59.4 66.1 59.1 68.6 65.7 57.2 62.6 66.2 62.9+£3.7
Fat -116.9 -1188 ~-117.7 -117.8 -117.8 -117 -115.1  -115.1 -111.3  -110.3 -115.7+£2.8
Anonymized Skin 377 63 378 608 507 765 78 362 264 586 525177
Patient Cortical Bone  802.5 826.8 839.2 856.4 897 9354  965.8 1006.1 10572 1106.6 929.3+103.3
Soft Tissue 65.8 65.7 66.2 65.5 64.5 64.5 65.2 64 65.4 66 65.2+0.7
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IV. DISCUSSION
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Fig. 7. Degree of Phantom Infill.
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