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Three-dimensional (3D) printing technology, with additive manufacturing, can aid in the pro-
duction of various kinds of patient-specific medical devices and implants in medical fields,
which cannot be covered by mass production systems for producing conventional devices/im-
plants. The simulator-based medical image demonstrates the anatomical structure of the dis-
ease, which can be used for education, diagnosis, preparation of treatment plan and preopera-
tive surgical guide, etc. The surgical guide is used as a patient-specific medical device for
guiding incision, resection, insertion, and marking. As 3D printers can output materials that can
be inserted into the human body, the patient-specific implant device that reflects the patient’s
anatomy and surgical plan could be of relevance. In addition, patient-specific aids, including
gibs, splints, prostheses, and epitheses, could be used for a better outcome. Finally, bio-print-
ing is also used to cultivate cells to produce functional artificial tissues.

Index terms 3D Printing; Patient-Specific Modeling; Precision Medicine;
Technology, Radiologic; Models, Anatomic
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Table 1. Summary of 3D Printing Technologies

Advantages Disadvantages Major Company
FDM Low-cost, various of material Low-speed, almost need to support  Stratasys, Ultimaker, Zortrax, Prusa
DLP High-speed, high-quality High-cost, need to support EnvisionTEC, Prodways, Carbon3D
SLA High-quality High-cost, need to support 3D systems, Formlabs, DWS
Material jetting  Multi-material property, color, high-accuracy  High-cost, need to support Stratasys, 3D systems
Binderjetting  Multi-color, no-support, low-cost Opacity, need to post process 3D systems, VoxelJet, ExOne
SLS High-accuracy High-cost EOS, 3D systems, Sinterit, Sintratec
DMLS Various of material High-cost EOS, 3D systems, Renishaw, SLM

DLP = Digital Light Processing, DMLS = Direct Metal Laser Sintering, SLA = Stereolithography, SLS = Selective Laser Sintering, 3D = three-dimen-

sional
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Fig. 1. Procedure for the application of 3DP in medicine.
CAD = computer-aided design, 3DP = three-dimensional printing

No
\]
Data . . N
. »  Segmentation > CAD design 3DP > Application
acquisition
Fig. 2. Categories for application of 3D printing in medicine.
3D =three-dimensional
Application of
3D printing in medicine
‘ Simulator ‘ ‘ Surgical guide ‘ ‘ Implant device Aids device ‘ Bio-printing ‘
1 Education 1 Cutting Biodegradable T Cast/Splint —| Tissue scaffold
1 Planning ™ Marking Permanent 7 Prosthetics ] Bio-ink
— Simulation — Positioning — Epithese — Lab-on-chip
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Fig. 4. Patient-specific simulators
for lung transplantation.
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Fig. 6. Patient-specific surgical
guide for BCS.

A. Three segmented breast can-
cer.

B. A designed surgical guide for
BCS.

C. Three-dimensional-printed
surgical guide for BCS.

D. The marked outline of breast
cancer on the skin.

E. Resected breast cancer tissue.
BCS = breast-conserving surgery

ol e SER BEe AlEste] 283031, 32). =3, S SEPoR s HYES
" o

1
]
2
2
et
ol
30
rr
i
N
N
>
ofo
)
=
30
i)

Hiol e TAYL Al 2| S 23] 3D Zddsto] Fde Al2fsial 222 A Ysh= ) Al

z3g
TS 12 AAHE A ol F MTHlbE Bal AR 2L AL AAG she A

o] th(41-46). oI5 53l AYA715E Shs AU AP A=87171E AllsHAl Fh47). =3, A

https://doi.org/10.3348/jksr.2019.80.2.213 219



Ab
(o]

cHE ko

(o XTI
|o

EidgeAby

3D Z2I8 7|29 o =X E0)| 2t B

[l
r

Fig. 7. Pilot study of patient-specific implant device of flexible material.

A. CT-based 3D reconstruction of patient-specific dead zone after pneumonectomy.

B. 3D-modeled dead zone and frame for molding.

C. Fabricated negative mold with silicone material.

D. Final product of spacer for dead zone with silicone material using molding technique (6).
3D = three-dimensional

Adapted from Kim et al. Korean J Radiol 2016;17:182-197, with permission of The Korean Society of Radiology (6).

Dead zone

Fig. 8. Patient-specific splint.
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