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Table 1. & Aol A Az 1089 &4 st54 3D T HF¢ Rl g4 54
Model . . . . Location 3D printed Associated
e Sex | Age Diagnosis Laterality Location depth MRI MEDIP/MODIP inodal Sfructires
1 M 71 Glioblastoma left temporal, insular | intermediate n non-;—:-;:z:\cmg
2 F | 66 | Glioblastoma | Right tg'cr::‘i’;g:’ deep q ventricles
3 M | 69 | Meningioma Right intraventricular deep &F ventricles
parietal, ) :
4 F | 55 | Glioblastoma | RightiLeft |  temporal, intermediate . e"neh':ggﬁg’tz‘;‘or
thalamus
! parietal,
Anaplast ) )
5 B | 59 || sulidcniopiaia | ROOHR temporal, cortex \7,;, ‘;3 ventricles
occipital
. s ventricles,
6 M | 22 D'ﬁ”ﬁ;mf""e Left thalamus very deep T putamen, caudate
g < nucleus
- o S ventricles,
7 F | 26 D'ﬁ”ﬁﬁ)ﬁf""e Left thalamus very deep = putamen, caudate
9 nucleus
8 F | 25 | Glioblastoma | Right TEmpors. intermediate G\ Norlek s ton,
9 parietal BEN enhancing tumor
0 P major arteries,
o y ; 7Ry major sinuses,
9 M | 64 | Meningioma Right petroclival very deep k ? Enincles ra
stem. tentorium
temporal,
10 F 53 | Glioblastoma Left thalamus, deep @ ventricles, thalamus
hippocampus %

Abbreviations: M, male; F, female; MRI, magnetic resonance image; 3D, 3-Dimensional
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o = o o E =2 == 5] o S
Table 2. 2] 44 AT SHA=S S k& =< A2 M3}
. Changes in degree of head rotation of changes in ehan.ges. in .chauges .in
Respondent clazs Surgical posture changes A v \ \ craniotomy craniotomy zize and
surgical position craniotomy size . .
location lecation
No. of No o =30 or
Group Clazz respondents yes no p-value change =30 ﬂIEIIDIl p-value sCcore p-value score p-value score p-value
coamge
Faculty 14 26 014587 1% 3 4 03043 0.46=0.74 0108 054074 JO008% 100133 Q0072*
Position Fallow 11 6 16 13 2 0.9520.79 0.950.72 1912133
Resident 7 2 2 7 3 0.86=1.10 1.500.76 2361 43
Faculty 14 2 24 00093 19 3 0.3111 0462074 0.032% 054=0.74  000I7* 100133 0.003d*
Traiming Fellow and 18 B 28 20 5 11 0.922001 11720.77 2.08=1.4
Rasident
=10 7 ] ] 0.0212% 1 ] 0.2554 0.71=0.01 0000 L.O7+0.83 0.2434 1.78+1.42 04182
MNumber of cases 11-30 5 1 g 5 3 2 0.8+0.09 Li=h.8s =163
experiencad 51~100 2 1 k1 2 0 2 0.7520.5 125405 220 82
(brain fumor - . . .
surgery cases) 101~300 14 1 27 21 4 3 0752083 0.820.82 1.57+1.57
<500 4 1 7 4 2 2 0382052 038074 0.7551.04
Humber of cazes lezs than 14 2 20 0.0147% 14 4 10 0.120% 078088 0.588 111079 0.041 L.88x14 0174
experiencad 100 cazes
(100 brain tumer  more than 1% 2 M4 25 & 5 0.67=0.36 0.720.81 13015
surgery caszes) 100 cazas
*statistically significant
i - =
27 H 2 ]| ol
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Table 3. %< 540 W& < AF9 W3t
T fact Sureical post hams Change: in degree of head rotation of changes in craniotomy changes in craniotomy changes in craniotomy
umar factors urgical postare changes surgical position zize location size and location
No. of Nao =30 or
Group Class yes no p-value =3° direction  p-value score p-value score p-value score p-value
cases change change
cortex 1 2 a4 08156 3 [ 3 0.0828 1.67=1.21 0244 1.17=0.73 05494 283x154 0.3854
Depth of intermediate 3 3 27 17 4 4 1.08=0.91 1.3220.73 14=122
l::’;:’c; deep 3 3 18 13 4 3 1.64x1 1.50.86 3.1421.73
very desp 3 3 9 3 2 3 1.36=1.03 1.64=0.67 3x1.34
intra-axial 2 2 43 I 31 3 2 0.9938 1.3820.98 0.7585 1.4320.76 03474 282+1.47 0.8019
Tumortype _  ial 3 5 1 3 2 3 1.3121.11 1.3820.87 269517
) o 11 =1
28 o e ] l | ) l
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Figure 5. A. MRI ¢ 3D Zd® ¥HFd REz 7247 4 A Aes o T4 AA 53x7 ¥ 3E Sankey
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Supplementary figure 1. $# ©E3 3D THE Y FoF ndo] AA 44 AL X5 A Lt. parieto—occipital brain
tumor B. Rt. parietal brain tumor C. Lt. frontal operculum brain tumor
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Abstract

Clinical application of patient—specific 3D printing brain tumor
model production system for neurosurgery

Yun—_Sik Dho

Medicine, Translational Medicine
The Graduate School

Seoul National University

Purpose: The usefulness of 3—dimensional (3D)—printed disease
models has been recognized in various medical fields. This study
aims to introduce a production platform for patient—specific 3D—
printed brain tumor model in clinical practice and evaluate its
effectiveness.

Materials & Methods: A full-cycle platform was created for the
clinical application of a 3D—printed brain tumor model (3D—printed
model) production system. Essential elements included automated
segmentation software, cloud—based interactive communication
tools, customized brain models with exquisite expression of brain
anatomy in transparent material, adjunctive devices for surgical
simulation, and swift process cycles to meet practical needs. A
simulated clinical usefulness validation was conducted in which
neurosurgeons assessed the usefulness of the 3D—printed models

in 10 cases.
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Results: We successfully produced clinically applicable patient—
specific models within 4 days using the established platform. The
simulated clinical usefulness validation results revealed the
significant superiority of the 3D—printed models in surgical planning
regarding surgical posture (p=0.0147) and craniotomy design
(p=0.0072) compared to conventional magnetic resonance images.
The benefit was more noticeable for neurosurgeons with less
experience.

Conclusion: We established a 3D-—printed brain tumor model
production system that is ready to use in daily clinical practice for
neurosurgery.

Keywords : 3—Dimensional printing, brain tumor, surgical planning,
surgical simulation, anatomical phantom
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