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Challenges in Fabricating Zirconia Crowns by 3D Printing - The Debinding Process

(OFan 8, Ishikawa Y, Ueda Y, Yamaguchi T

Crown and Bridge Prosthodontics, Department of Oral Functional Science, Graduate School

of Dental Medicine, Hokkaido University

1. Introduction

The fabrication of zirconia crowns with computer-
aided design (CAD) and computer-aided manufacturing
(CAM) technologies by milling followed by sintering
in a furnace has limited potential to fabricate

complex shapes in short time. Additive manufacturing
(AM) technologies in continuous development provide
an alternative to milling[1], and improvement in

efficiency is promising. The purpose of this in vitro
study was to analyze the process of debinding

of zirconia specimens fabricated with vat-
photopolymerization.

2. Material and Methods

A virtual disk design was designed and exported

at 8.0 mm diameter and 2.0 mm thickness. Zirconia
composite resin was prepared to contain about 50

wt.% of 3 mol% Yttria-TZP powder (Tosoh Corp.)

and 50 wt.% of resin (ELEGOO Photopolymer Resin
Translucent). All specimens were additively

manufactured using a layer thickness of 50 um

by a 3D printer (ELEGOO Mars) under 50 s of

exposure time. Debinding was performed by heating
the green parts at 300°C, 400°C, 500°C, and 600°C,

respectively. And every two specimens were kept at
each temperature for 30 min, 60 min, 90 min, and

120 min. The Size and weight of each specimen

were measured before and after debinding as well

as the surface of a disk was characterized visually

to evaluate the debinding process.

3. Results

The manufactured specimens before debinding were
measured as 8.35 mm diameter, 1.80 mm thickness,
and 0.20 g weight at average. After the process of
debinding was performed, specimens of 300°C and

400°C turned the whole black regardless of different
debinding time (Fig. 1). Specimens of 500°C and 600
°C showed white appearances (Fig. 2) except that

the specimens fired at 500°C for 30 min showed a

slight grayish tint. Specimens after debinding were
measured with diameter around 7.29 0.07 g to

0.18 g. The weight of disks at 300°C were reduced

to a range from 80.6 % to 89.9 %, 52 % to 63.2 %

for 400°C, 41.1 % to 511 % for 500°C, and 36.7 % to

57.5 % for 600°C (Fig. 3) compared to the average
weight of original specimens. Noticeable cracks were
observed in every disk at 500 and 600 while few
cracks existed at 300°C and 400°C.

=300 — 400 — 500 — 600

1 Fig. 1
2, for 60 L]
g ‘ min 2
' £
Fig. 2 §

s -C *Q:::
40
for 60

min

P Y S S—
30 60 90 120
Debinding Time (min)

Fig. 3 Weight ratio of build sample
before/after debinding

4. Discussion
Since the zirconia and resin were mixed at a ratio
of 1:1 by weight, the resin is considered to have
been generally eliminated if the weight after
debinding 1s reduced to about 50 % of the original
specimen. As such, the specimen is considered to
be fully debinded at 500°C and 600°C. This is
consistent with the visual state of the specimen.
However, it should be noticed that 30 min of the
debinding process 1s not enough for eliminating
organics even at H00°C or 600°C. Further, still,
noticeable cracks were observed in the specimens at
500°C and 600°C. Thereby, it is necessary to heat
the specimens at a lower temperature at first and
then increase the temperature at a moderate heating
rate to reduce the risk of rapid gasification of the
resin during shrinkage.
5. References
[1] Fan, S., Ueda, Y., Yamaguchi, T. Effect of
exposure time on the layer thickness of photo-
polymerized zirconia and resin mixture.
Annual Scientific Meeting of Japan
Prosthodontic Society Touhoku & Hokkaido
Branch, Oct. 16-17, 2021, Sapporo.
(https://www.hotetsu.com/files/files_614.pdf)
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A case report of prosthodontic treatment for edentulous patients with severe ridge resorption
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Can cognitive behavioral therapy inhibit awake bruxism?
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A long-term follow-up case of prosthetic rehabilitation for a patient of maxillary defect with

trismus
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Cross-talk between ETS2 oncogene and adenovirus E1/E4 on dental pulp cell differentiation

Wang A, Yokoyama A

Hokkaido University, Graduate School of Dental Medicine, Oral Functional Prosthodontics

I. H#

The purpose of this study is to analyze key regulators
involved in dental pulp cell differentiation.

o. Jik

1. Cells

RPC-C2A and 3Y1 cells were grown in DMEM

containing 10% fetal bovine serum. To establish E1

transformed RPC-C2A cell lines (designated as RPC-
E1 and RPC-E1/E4), RPC-C2A cells were transfected
with whole E1 region alone or both El and E4

regions of human typed adenovirus. The significant
foci of both transformants were selected and confirm
the virus gene expression by immunostaining.

2. Luciferase Activity Assay

Cells were transfected with alkaline phosphatase
(ALPL) luciferase reporter (pGL 4 rALPL), several
effecter plasmids, and pGL 4.72. Twenty-four hours
after transfection, cells were harvested in 0.1 mL

of reporter lysis buffer and were subjected to a

dual luciferase assay. Firefly luciferase activity

was normalized to renilla luciferase activity.

3. Real-time-RT-PCR

Total RNAs were extracted and reverse transcribed
cDNAs were applied for Realtime PCR utilizing

several primers for ALPL and several ETS family
members including Etsl, Ets2, and Pea3.

. fEHREER

1 . ETS transcription factors regulate the

transcription of rat ALPL.

In silico survey of rat ALPL enhancer/ promoter

sequence suggests the involvement of ETS related

transcription factors. A significant up-regulated

transactivation has been observed when cells were

transfected with ETS1, ETS2, and PEA3 but not

with fli-1 or EHF.

2. Adenovirus early genes dysregulate the expression
of rat ALPL.

Real-time PCR revealed that dental pulp cell derived
RPC-C2A expressed more than 10-fold of ALPL
mRNA compared with 3Y1 (established from whole
embryo). This higher ALPL expression has been
diminished in El1 transformant (RPC-E1) but not in
E1/E4 transformant (RPC-E1/E4).

3. ETS regulates ALPL expression.

Real-time PCR also revealed that long-term culture
(5710 days) for RPC-C2A elevated the expression of
ALPL mRNA, however, 3Y1 or transformed RPC-
C2A (RPC-E1) did not show the elevated expression
of ALPL mRNA even after 10 days incubation.
Surprisingly, among the 3 ETS family genes, only
Ets2 mRNA expression was elevated in RPC-C2A
over time. It seems like that rat ETS2 i1s a key
regulator of rat ALPL. Our comprehensive analyses
also suggested the upregulation of Tp73, a possible
repressor of ALPL transcription, in El transformed
RPC. It has been reported that adenovirus E1B55K
and E4 orf6 co-operatively degraded Tp73 protein
(Higashino, Pipas, and Shenk 1998). Rodent incisors
continue to grow through its life, and dental pulp
cells are promising preserver of dental cells. Our
present observations suggest that Ets2 and Tp73,
an oncogene and a tumor suppressor respectively,
are core regulator of the differentiation of rat
incisor.
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Higashino F, Pipas JM and Shenk T. Adenovirus
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Final impression for the implant-supported mandibular complete fixed prosthesis using

intraoral scanner
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complete denture with a speech aid.
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in patient with a post-traumatic teeth loss
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