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ABSTRACT

A 3-dimensional (D) printer is a device capable of outputting a three-dimensional solid object based on data
modeled in a computer. These features are utilized in the bone model X - ray phantom production etc using CT
data by fusing with the radiation science field. A bone model phantom was made using data obtained by CT scan
of an existing Pelvis phantom, using PLA, Wood, XT-CF20, Glow fill, Steel filaments which are materials of
Fused Filament Fabrication (FFF) 3D printer.Measure Hounsfield Unit (HU) with images obtained by CT scan of
the existing Pelvis phantom and five material phantoms made with 3D printer under the same conditions,SI and
SNR were measured using a diagnostic X-ray generator, and each phantom was compared and analyzed.As a
result, the X - ray phantom in the X - ray examination condition of the limb was found to be most suitable for
the glow fill filament.The characteristics of the filament can be known to the base of this research and the
practicality of X - ray phantom fabrication was confirmed.
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I. MATERIAL AND METHODS
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(c) 3D Printer
(Ultimaker3 Extended, Ultimaker, Netherlands)

Fig. 1. Experimental equipment used for phantom
production.
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(a) 3D modeling process

(@) (b) (©)
Fig. 3. CT number ROI setup
(a) femur head, (b) femur neck, (c) Femur body

(b) production process
Fig. 2. 3D Printing production process.

Table 1. Set-up of 3D printer
Infill Temperature bed

. s Intensity
Density of printing temperature
. : ; (g/em3)
(%) (©) (©)
Wood 100 250 100 0.4
XT-CF20 100 180 0 1.35 (a) (b)
PLA 100 210 30 121 Fig. 4. X-ray imaging system and phantom
Glow fill 100 230 60 1.40
Steel 100 210 100 3.13
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Fig. 5. X-ray imaging SI and SNR setup
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ROI 19 4] -14.75£1.17 HU, ROI 2|4 -15.12+1.34
HU, ROI 394 -60.91+1.66 HUZ =A% ATk
XT-CF20°1 4 2] HU#S ROI 1914 -109.75 HU,
ROI 20141 -91.97+2.15 HU, ROI 3°|A] -71.8+2.49
HUZ 4% 3lth PLACIA 2] ROI 1914 172+6.21
HU, ROI 294l 154.03+4.49 HU, ROI 3°]A]
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Table 2. The result of CT number measurement for

Pelvis Phantom and 3D Printing Phantom
ROI 1 ROI 2 ROI 3

HU SD HU SD HU SD

pelvis
hant 87522 14.64 983.53 936 85294 897
phantom

wood  -14.75 1.17 -15.12 134  -60.91 1.66

XT-CF2
0 -109.75 248 -91.27 215 -71.80 249

PLA 172.00 6.21 154.03 449 164.67 5.75

glow fill 395.61 391 350.55 7.13 40340 432

steel 3071 0 3071 0 3071 0

LA A S SIgk 573

T ZR] MYS AFEEte] 23] ROICNA] SI gt
S =743 A3}, Table3d} 7] ROI 194 Pelvis ¥
Bl o] SIE 2405.33+18.08% =A<  ROI 2004
1655.68+11.342 74 = 9]t}

Wood fill ROI 19 4] 1529.92+12.08% =4 ¥ ¢l a1,
ROI 200 4] 1655.68+11.34% =4 =] Pelvis WM& 3}
A A FAHORE Fo3 Ao]7t A TH(p<0.05).

XT-CF20 ROI 19 4] 2386.08+11.78 % =A% 11,
ROI 2904 1736.02+13.69% =A% ¢ 01 Pelvis
Hy 24T folgk zbo]E YER I TH(p<0.05).

PLA =443 ROI 1914 2329.04+9.98% =4 5
a1, ROI 2904 1720.52+12.01°] &A= o] Pelvis
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Table 3. The result of SI measurement for Pelvis Phantom and 3D Printing Phantom.

ROI 1 ROI 2
SI SD P-value SI SD p-value

pelvis phantom 2405.33 18.08 1655.68 11.34
wood 1529.92 12.08 0.000 1455.97 13.38 0.000
XT-CF20 2386.08 11.78 0.000 1736.02 13.69 0.000
PLA 2329.04 9.98 0.000 1720.52 12.01 0.000
glow fill 2395.52 29.37 0.194 1664.08 25.73 0.837
steel 23811.4 6.19 0.000 17744.6 8.52 0.000

3. AFEX- A TG o 9] SNREt S5H
SNR#HS =43k A3 Table 494 7o) ROI 19 4]
7155 Pelvis WE 2] SNRO| 23.94+3.47% =A% a1,
ROI 29 A= 145642372 =A% Q)
Wood fill& ROI 194 3.81+0.68%
ROI 2004 25.14+3.68% =4 %] o] Pelvis ME 2} 4]
A3} ZAA R Foldt ApolE UERY A THp<0.05).
XT-CF20-2 ROI 1914+ 12.7142.182 A ¥ o]
FAAOR Fo3t zto]lE YERN A TH(p<0.05).
LA 9F ROIL 200141 12.79+1.932 =3 5o Pelvis
Hap B4 {25 2po]l & YERA] U THp>0.05).

SAH AL,

PLA% ROI 194 11.16+1.8% ZA = o] Z7 %
O = froJgk zpol7} Qlthial 55 ATHPp>0.05).

LA 7 ROI 294 12.07+£2.04% SA 5 o] Pelvis
A FAAR Fo3 Zol7} glvkar ATH Y
THp>0.05).

Glow fill ROI 194+ 23.02+3.95, ROI 2914+
14.61£1.797} SA AL, Pelvis WH I} A4}
ol gk ApolE HERA & A TH(p>0.05).

SteelS ROI 1914 107.114#2.67, ROI 204 =
118.64+1.830] Ao ZAH o2 93 2}
o] & e A THp<0.05)

Table 4. The result of SNR measurement for Pelvis Phantom and 3D Printing Phantom.

ROI 1 ROI 2
SNR SD P-value SNR SD p-value
pelvis 23.94 3.47 14.56 237
phantom
Wood 3.81 0.68 0.000 25.14 3.68 0.000
XT-CF20 12.71 2.18 0.000 12.79 1.93 0.588
PLA 11.16 1.8 0.000 12.07 2.04 0.209
Glow 23.02 3.95 0.990 14.61 1.79 1.000
Steel 107.11 2.67 0.000 118.64 1.83 0.000
o] ZAeta kel HAHEAS 8FHE o5 7ok
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3D ZEE = CTY MRI 94 Ho]E & o] &35} 8% 3D ZHE AlEE W B3PS A 2ste] A
ko] wrEy Alsbo] sbsar Ade] ox, ApEyg  TeEARE s AR B s AES Al

%S




A Study on the Fabrication of bone Model X-ray PhantomUsing CT Data and 3D Printing Technology

A &A 07 AL Qi FA o] thI0 ety
1';'_]_—

Aol 71Ee] PLA B ole} the B

s

=

A3 X-A3e] whgo] giet 49e gon o2
Aoz AEPrh=d w7t ok A Gl A
ARYYE HRE BRUNE I AT
ARA(EH TR A= AL W] o] o)A 11
AR Q1A AL} obd 6H$—i”42i 1 ]
WS ol gstnm H Al ko] A
How ool girk. mrela ulgk 74Fel e
oEsla AYL R 22 WAL 5 glo]
=

19
=
3
X
>~

Ik A AKaxial projection) 2 A8k 7 AN tangential
projection)°l] T3t AHF& o] Fo#]7] = Aot}
olo] that NPATE PLAS Ab&3te] X-A AE
Azell et AF7E AAA NPT g AH S NAAE
aAp 574A Y M2 g2 HEE 7 e
A Zrgk WE T pelvis WES B aLFA] ST
A3} Wood fill2 CT Number -10 ~ -60 HU7}
Aso] WA FAE ghe YEREZE & 5 AN
o1, XT-CF20S =71 ~ -109 HUZ} A 5 o] <149
A3} vl 2eiths WS 4 HQduh =3 PLAE
154 ~ 172 HU @& dEebdo] 303 fAeE ghs
vepdithE 2 & = AL, Steel> 3071 HUZF =
Ao} ] CT Number! 1000 HUR U} ¢~ 37|
S 5w o] AAxA PO == AFES 5 vk 2
& g AU PLAY oFFAEE 4] RFE Glow
fill®] CT Number+ 350 ~ 403 HU = #{xt}= 4
T GARE CT AR Al AR XA B v

AUAE AFEahE Aubx-H gl A SNR 2
SIS74dx} el fApshA S, FAHoR
wAZfP Aol WERIA goF XAl e oR 28]

AE e ZWYHE %E—ﬂ.o}oﬂ?ﬂ”? w2 A
& glelA] %3ke] ROI2 oA SNRel P& +

p-value”} 0.053A 573 HUve Holu}. el A2}
Al AR o] A AL ol = PVA(Polyvinyl Alcohol)
HAES AH&ste] Az § Eol] @r7hFo] AA
2 50] glofl SNRo| A3 nx]=] ¢S Aot

Al
H]

%

o R FPE

T AATH
V. CONCLUSION

Ao CT dlolE =S &g3lo] 3DZHEHE
g WEH S CTS A HEXAALY LA E o] -&ofo
238 A3} Glow fillZ A #H3E g o] XA &
oA EAF SR Fog Aol7h vkl
7&%‘- A tHp>0.05). 1 22 3DZHE]E o] &35}
A e vjgo 2 XA WY AFo] 7hEsirhal Als
, S 7 52 155 T F U =
8Ha, WSE WHeY] BEEE wold
7 olgt Atz k. hAIRE o] Al 7] 221 At
GAZ F7F A5 & el & sAIA %
sttt ¥ A7 3D ZHE V)EE o] §3
AR A Ze] 7 2AsE G&Eo] FAeE
o} 3D Yok FFAT A 7ol E

F e Aoz 7}

Reference

[1]

[2]

[3]

[4]

[51

[6]

J. C. Yang, G. H. Park, T. W. Kim, J. I. Ryoo, M.
P. Ji, J. O. Kim,

Hemivertebroplasty in Patients with Osteoporotic

"Clinical Features of Percutaneous

Vertebral Compression Fractures," Korean journal of
neurotrauma, Vol. 9, No. 1, pp.17-22, 2013.

T. S. Kim, "Cadaver Fitting Test of Mechanical
Circulatory Assist Device Including Korean Artificial
Heart (AnyHeart) in Korea," Anatomy & Cell
Biology, Vol. 36, No. 4, pp.301-307, 2003.

M. H. Baek, G. K. Kim, S. Y. Han, C. M. Hwang,
"Analysis of Trabecular Bone Strength using Finite
Element Analysis," Korean journal of Osteoporosis,
Vol. 9, No. 2, pp.180-185, 2011.

S.H. Kim, D. W. Kim, N. G. Kim, "Fall Simulation
and Impact Absorption system for Development of
Fracture Prevention System," Korean journal of
Biomedical Engineering Letters, Vol. 31, No. 6,
pp.438-448, 2010.

H. Y. Jeong, "Osteoporosis Diagnosis and Treatment
2007," Korean journal of Endocrinology, Vol. 23,
No. 2, pp. 76-108, 2008.

H. G. Yoon, Y. B. Kim, G. W. Seo, "Postoperative




pISSN : 1976-0620, eISSN : 2384-0633

"J. Korean Soc. Radiol., Vol. 12, No. 7, December 2018"

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Mortality and the Associated Factors in Elderly
Patients with Hip Fracture," Korean Journal of
Orthophaedic, Vol. 47, No. 6, pp. 445-451, 2012.

http://opendata.hira.or.kr/op/opc/olap4thDsInfo.do

S.W. Chae, G.D. Kim, "Radiographic Diagnosis of
the Osteoporotic Vertebral Fractures," Korean Journal
of Osteoporosis, Vol. 11, No. 1, pp. 59-65, 2013.

B.J. Ahn, J.H. Lee, S.B. Lee, "A Study on Exposure
to radiation of the patient who visited an emergency
room at a University Hospital," Korean Journal
Society of Radiology, Vol. 2, No. 3, pp. 23-34,
2007.

http://www.law.go.kr/LSW//IsInfoP.do?IsiSeq=7984&ch
rClsCd=010202&urlMode=IsInfoP&efY d=19891230#00
00

W. G. Oh, "valuation of Usefulness and Availability
for Orthopedic Surgery using Clavicle Fracture
Model Manufactured by Desktop 3D Printer,"
Korean Journal of Radiological Science and
Technology, Vol. 37, No. 3, pp. 203-209, 2014.

S. J. Kang, M. H. Woo, "A Study on the
Qualification Development of 3D Printing Operation
Expert and 3D Printing Development Specialist,"
Korean Journal Academia-Industrial cooperation
Society, Vol. 17, No. 10, pp. 37-38, 2016.

W. Choi, J.H. Woo, J.B. Jeon, S.S. Yoon,
"Measurement of Structural Properties of PLA
Filament as a Supplier of 3D Printer," Korean
Society of Agricultural Engineers, Vol. 57, No. 6,
pp. 141-152, 2015.

W. G. Oh, H. G. Kim, "Comparison of the Quality
of Clavicle Fracture Three-dimensional Model
Printing by Open Source and Commercial use
Digital Imaging and Communications in Medicine
Stereolithography File Conversion Program," Korean
Journal of Radiological Science and Technology,
Vol. 41, No. 1, pp. 1-6, 2018.

G. Hilgers, T. Nuver, A. Minken, "The CT number
accuracy of a novel commercial metal artifact
reduction algorithm for large orthopedic implants,"
Journal of Applied Clinical Medical Physics, Vol.
15, No. 1, pp. 274-278, 2014.

S. H. Kang, Y. G. Lee, Y. J. Lee, "Feasibility of
Application for Fast Non Local-Means (FNLM)

[17]

[18]

[19]

[20]

[21]

Algorithm with Medical Imaging System: a
Simulation Study," Korean journal of of The
Institute of Electronics and Information Engineers,
Vol. 55, No. 3, pp. 141-145, 2018.

J. Y. Bae, E. J. Choi, S. A. Kim, "A Study on the
State-of-the-Art of 3D Printers," The korean society
of computer and information, Vol. 21, No. 32, pp.

385-388, 2013.

Y. Altintas, D. Ertay, A. Yuen, "Synchronized
material deposition rate control with path velocity
on fused filament fabrication machines," Additive
Manufacturing, Vol. 19, No. 1, pp. 205-213, 2018.

M. S. Yoon, "A Study on CT image wuality and
dose measurement Phantom using 3D printer,"
Graduate school of Eulji University, Republic of
Korea, Master’s thesis, 2018.

W. G. Oh, "Development of 3D Printer System for
Making Customized Bone Models of Orthopedic
Surgery Patient," Graduate school of Choongbook
University, Republic of Korea, Doctoral dissertation.

2013.

W. J. Choi, J. B. Jeon, J. H. Woo, "Making Human
Phantom for X-ray Practice with 3DPrinting," The
Korean Journal Society of Radiology, Vol. 11, No.
S5, pp. 371-377, 2017.

885



A Study on the Fabrication of bone Model X-ray PhantomUsing CT Data and 3D Printing Technology

CT dleo|el¢ 3D =Y 7|=S o]§%

3-dimensional(D) ~ZHE = HZ 29y 3 do]HE g o R 32319 gA EAE &8
Frloltt. o]k 54 WAL b Eoket g @ete], CT HlolH & o] &3 i 2y XA AR A2 Fof 2
Ha k. 2 A= 7159 Pelvis#EH S CT 27032 Hojzl Ho]H = Fused Filament Fabrication(FFF) 3D
X2 E o AR PLA, Wood, XT-CF20, Glow fill, Steel ZE}HEE o] &35}l w 2& HNYS A 2l
712 9] Pelvis A ¥ 3D THEE A ZE 5717 A2 #HHS A3 2102 CT A70 st Aol o
%$oll 4] Hounsfield Unit(HU)S SA3H3 on], o8 XA B & o]-&3to] SI, SNRE F743to] 2 #ElS
vl BT 1 Ak ARH] XA AAF 231 ol XA #E S glow fill W EY 71 A gl
Zig T AAJTE & AT Ve R AYgHES] EAES & 5 Aden, X AE ALt dig A8

n}i
=

o %0,
oo 1

12
B
1o

[o

o 1]

=

2,
o
Job S
rO
ol
o
2
o

ZAtro]: 3p=AE, et E, X4 e, SNR, CT number

A7t Fu o]z

ek A4 19l
(R A R CER BRI ARE S SEDRIEA)
Zdul AT stn WA T} FRS
(%)
9z sdw et WAt s
(4) e SR|Ch3EL WA st RS

886



