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ABSTRACT

In order to prevent and treat a patient's disease, the anatomical structure of the lesion through medical imaging
is one of the important processes. However, there is a limit to the image displayed on the screen, so many
studies are underway to overcome this by using 3D printing technology. To this end, this study implemented a
three-dimensional cardiovascular model using actual patient image data, printed it out using a 3D printer, and
conducted a usefulness test on current medical professionals. As a result of the usefulness evaluation, when the
questionnaire conducted by a total of 5 people was converted to the Likert scale, the average value of all items
showed a high result of 4.83 points, and the result of the cross-analysis was (P) = 10.000 (0.265), which was
equally positive among all the questionnaires survey results were presented. Based on the results, it is expected
that 3D printing technology will help advance medical technology.
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Table 1. Normal and Diseased Cardiovascular
Fabrication Sites for Usefulness Evaluation

Cardiovascular Production Model

Normal Heart
Heart
Atrial Septal Defect(ASD)
Normal Aorta
Vessel Normal Vena Cava

Aortic Aneurysm

Left Anterior Descending Coronary
Artery(LAD)

Coronary Artery

stenosis Left Circumflex Coronary Artery(LCx)

Right Coronary Artery(RCA)

Left Anterior Descending Coronary
Artery(LAD)

Coronary Artery

Blocking Left Circumflex Coronary Artery(LCx)

Right Coronary Artery(RCA)

2.3D 8% 24 AF

3D Ady A2 2dS 98] MDCTOAM =43
Ad# 3% Dicom FileS 3D Slicer Programs ©]
&ste] Fig. 13 #o] Ad¥d WS &85k, &
A E T3l REAH S ATt STLEA =2 |
315l Polyjet2] 3D~ZHE (Object260 connex,
Stratasys, U.S.A)E AF&3}o] Agilus A 55 A3}
of B, AsAAE, dAM, BAts,
5T o Wi g2, s Ada B

We A 2shech,

>

Fig. 1. 3D Slicer Segmentation Operation and STL
File Conversion.

III. RESULT
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Fig. 2. Cardiac and Blood Vessel Model Making.
(a) Normal Heart, (b) Atrial Septal Defect, (c) Normal
Aorta, (d) Aortic Aneurysm, (e) Normal Vena Cava Model.

(d) (e} {f)

Fig. 3. Coronary artery stenosis and occlusion model
fabrication. (a) Left Anterior Descending Coronary
Artery(LAD) Stenosis, (b) Left Circumflex Coronary
Artery(LCx) Stenosis, (¢) Right Coronary Artery(RCA)
Stenosis, (d)Left Anterior Descending Coronary
Artery(LAD) Blocking, (e) Left Circumflex Coronary
Artery (LCx) Blocking, (f) Right Coronary Artery
(RCA) Blocking Model.
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Table 2. Usability evaluation items and average score of

5 specialists.

Question Score
1A% A Bl sjfste 7271 & BAbE o
A7t >
2. ASD(HREAAE) BRAA el & BAbel o
AE7k :
3. A e g BdelA Rty Fx2t &
BAE O Qe 8
4. B A 2ol A sjRety Tx7
AR Qb 48
5. R melolA WRle] & HARH ] glevh? 5
6. LAD(F st #dE )] s34 727} & s
FARE o} gl=7he
7. LCx(FHA sl B ™)) ) feky Fx27F 2 s
A Sl
8. RCACFRAZE) slwehd T2k & BAsel o
A=7k? '
9. LADFA s 5w sk 2ok & P
HAE o] A=k ‘
10. LCx(FAA g #dso)e] a7t 7271 2 48
FEARE =7k ‘
1L RCACF- R 5] s)peps 727k & Jabslel o
A= '
12. 2o} A7)7F Aol 725 Sotated £8%
HEel sk >
13. A wE A vluste] A4 EHE0
AlgEold RERA HFe] F2E e dl 4.6
Efo] drka Agserp
14. 217 2D 9733t mlasto] A4 EHEo
AlgEold RERA Ao F2E e dl 48
Efo] drka Agserp
15. A% 3D 942 Be A Hastel 4%
=98] AEdold BaEA, 4] T8 4.6
Hjg-= v =0l "vka AZshETk
Combined Score 4.83

Table 3. Chi-square value using the scoring result using
the Likert scale.
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IV. DISCUSSION

o= 4 B4 Gl Fgste] 3D A
gyt wale AAHL oF Feld ARstel
AHNE, ARFAAE, A4 OB, OEaR,
A oA, BEENEE, BdE AN f8
4 A7 Adseln

DEAY 7% Fste] Wwel snety 3
%% sefstid glo} AwAow FEEL W
shed maAeld f84ol AHthe AnE
Atk A obd FAFU T} o] A4z 7]
b e U AuE seksi o Aol gltks
7% mu AL A @Y Sol mAaEn
W OS Mol Fe g % AEdold EPE
Agd  qdvkn Bohssin

693



Evaluating the Usefulness of Diagnosis through 3D Printing Technology

A4 3D ZTHH
ofol] A8x|1 FAHZAC
THUES &8I E7E
orthosis)& A|2}sle] 7]Ee] &7 H 27| (Medical
finger orthosis)2} WS HIAEE st 23} 3D
Y-S 283 BWE7](3D print finger orthosis)”}
W8 ARE ol wrEste] wERTE £
‘/}E]r‘/}ﬂ A #e| A= 3DZ-E S o] &3t A

d ox1et 7= AT AAE Husels
UH A, EHATTE AV 2a AR vte
w A A TS Eobd AdelA AHEThe

J
[
BN
)
%
O
=
=
=4
=
=
()}
&)
=

stths A7 vk oA F st 3D ZHHE
7128 o7 7]%9 AL JFA 0 o] B Ap
2 Eg AdBANE 8 F 5 i

V. CONCLUSION
?_

= AA 3z gadolEE E3) 3D A
& ARk, A 2t o]y
kil

L QdelE F H84 BHE e

Bl o2
i)

o
-
o=

oo X o ol et
qr do 32 Ml

th o o ob [ =

X >_'\1 M oox

o,

O

oo L

o> T

o

o

il

=

L oo

Reference

[11 T. Kido, A. Kurata, H. Higashino, Y. Sugawara, H.

Okayama, J. Higaki, et al., "Cardiac imaging using
256-detector row four-dimensional CT: preliminary
clinical report", Radiation medicine, Vol. 25, No. 1,
pp. 38-44, 2007.

http://dx.doi.org/10.1007/s11604-006-0097-z

[21 J. F. Meaney, M. Goyen, "Recent advances in
contrast-enhanced magnetic resonance angiography",
European radiology, Vol. 17, No. 2, pp. 2-6, 2007.

31 H. Von Tengg-Kobligk, T. Weber, F. Rengier, D.

[4]

[5]

[6]

[71

[81

[91

[10]

[11]

[12]

Kotelis, P. Geisbiisch, D. B ckler, et al.,

modalities for the thoracic aorta",

"Imaging
Journal of
cardiovascular surgery, Vol. 49, No. 4, pp. 429,
2008.

F. Rengier, A. Mehndiratta, H. Von Tengg-Kobligk,
C. M. Zechmann, R. Unterhinninghofen, H.-U.
Kauczor, et al., "3D printing based on imaging data:
review of medical applications", International journal
of computer assisted radiology and surgery, Vol. 5,
No. 4, pp. 335-341, 2010.

http://dx.doi.org/10.1007/s11548-010-0476-x

G. T. Klein, Y. Lu, M. Y. Wang,
neurosurgery-ready for prime time?", World
neurosurgery, Vol. 80, pp. 233-235, 2013.
https://doi.org/10.1016/j.wneu.2013.07.009

"3D printing and

K. Tappa, U. Jammalamadaka, "Novel biomaterials
used in medical 3D printing techniques", Journal of
functional biomaterials, Vol. 9, No. 1, pp. 17, 2018.

https://doi.org/10.3390/jtb9010017

H. W. Choi, J. E. Park, J. H. Kim, A. N. Seo, J.
M. Lee, "Produced Body Customized 3D Print Finger
Brace using Dicom File",
Society of Radiology, Vol. 13, No. 4, pp. 597-603,
2019. https://doi.org/10.7742/jksr.2019.13.4.597

Journal of the Korean

C. L. Ventola, "Medical applications for 3D printing:
current and projected uses", Pharmacy and
Therapeutics, Vol. 39, pp. 704, 2014.

J. Banks, "Adding value in additive manufacturing:
researchers in the United Kingdom and Europe look
to 3D printing for customization", IEEE pulse, Vol.
4, No. 6, pp. 22-26, 2013.
https://doi.org/10.1109/mpul.2013.2279617

C. Schubert, M. C. Van Langeveld, L. A. Donoso,
"Innovations in 3D printing: a 3D overview from
optics to organs", British Journal of Ophthalmology,
Vol. 98, No. 2, pp. 159-161, 2014.
https://doi.org/10.1136/bjophthalmol-2013-304446

N. S. Birbara, J. M. Otton, N. Pather, "3D
Modelling and Printing Technology to Produce
Patient-Specific 3D Models", Heart, Lung and
Circulation, Vol. 28, No. 2, pp. 302-313, 2019.
https://doi.org/10.1016/j.hlc.2017.10.017

A. Joshi, S. Kale, S. Chandel, D. K. Pal, "Likert

scale: Explored and explained", British Journal of

694



"J. Korean Soc. Radiol., Vol. 15, No. 5, October 2021"

[13]

Applied Science & Technology, Vol. 7, No. 4, pp.

396, 2015.
http://dx.doi.org/10.9734/BJAST/2015/14975

D. R. Park and J. M. Bae, "Mechanical properties
and biocompatibility of experimental 3D printing
denture base resin", Korean Journal of Dental
Materials, vol. 46, pp. 253-262, 2019.

695



Evaluating the Usefulness of Diagnosis through 3D Printing Technology

) 249 s = 9]
& S5t st B AU A ot o]lF ) E AFe AAl Ak
A A mdg 7318, olF 3D ZHEHE |83t EY5te] dAl FTAEAL = @
84 H2EE st §84 B7F A3 F 5lo] AAg A58 YAE HE=Z WEsol
T 358 Hatgho] 48379 =& AnE Jeha, A A3 2(P)=10.00000.265)2] A =
A FLSA A AR A3E et 23E wgoR 3DZHY VEo] urE W

A7A B o]

ek 4% A¢]
AR R eEREEROEREt SRS
@A) AYE A0 LyY Yyelstd pe upap

696





