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Mechanical properties and biocompatibility of experimental 3D printing
denture base resin

Da-Ryeong Park’, Ji-Myung Bae”

'Department of Dental Laboratory, Wonkwang Health Science University, Iksan, Korea
“Department of Dental Biomaterials and Institute of Biomaterials - Implnat,
College of Dentistry, Wonkwang University, Iksan, Korea

This study was conducted to compare the flexural properties and biocompatibility of experimental 3D printing resins with
commercial 3D-printing resins and conventional denture base resin, Auto polymerized pour-type denture base resin (RESS LT;
Retec, Germany) was used as a control group. A commercial 3D printing denture base resin, NextDent (Base, Vertex Dental,
Soesterberg, Netherlands) and two 3D printing resins, White prototyping resin (PR57-W, Autodesk, USA) and Clear prototyping
resin (PR48, Autodes, usa) were compared. Experimental 3D printing resins (E1, E2, E3) were made with different ratios of
dimethacrylates. DLP 3D printer (VIDA, Envisiontec) was used for 3D printing. The specimens (64x10x3.3 mm) were made
based on the protocol of ISO 20795-1. The flexural strength and flexural modulus were measured by a universal testing machine
(2020, Zwick, Germany) at a crosshead speed of 5 mm/min. MTT test was performed to evaluate the cell viability. The flexural
strength and flexural modulus of E2 were significantly higher than those of other groups (p<0.05). Biocompatibility of all experimental
3D printing resins were not significantly different from negative group (p)0.05). E2 is considered to be a promising material
as a denture base resin for 3D printing.
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CAD/CAM (computer-aided design and manufacture)¥}
3D A2 i S AF A ZokllM 3R lsi
AREE AT 1980 TF-E 2| FHEofell 4] CAD/CAM 7]<&
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2 ZA) ZH (additive manufacturing, AM), <28 (rapid
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1. ST AIE w|=

B AFolM e 2T R 54 A8 HXI(PRESS
LT, Retec, Baesweiler, Germany)& ARE8ITE Al5d|
e =
(PR57-W, Autodesk, San Rafael, USA)#} Clear prototyping
resin (PR48, Autodesk, San Rafael, USA)%= W] &}¢3c},
3D ZHE 3R g0 2 A|FE+E NextDent (Base,
Vertex Dental, Soesterberg, Netherlands)®= H| 23} T}
(Table 1).

Ao 2 whEEAe) Bis-GMA (Shin-Nakamura Co.,
Japan)9} UDMA, 3442 TEGDMA, 33574 2 Ethyl
BIRAIAQ]D diphenyl
247}
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Table 1, Materials used in the study

Type Name Code Curing mode Company Lot No,
Press LT Press Self-curing Retec 26632
White White 3D printing Autodesk 1 215JD9669
Commercial
Clear Clear 3D printing Autodesk 1122016-AL-2
NextDent Base NextDent 3D printing Vertex Dental XR383N11
Experimental resin (E1) E1 3D printing Experimental
Experimental Experimental resin (E2) E2 3D printing Experimental
Expe(rlizrr;irgillor;sr,]ig € E3 3D printing Experimental
Table 2. Components of Experimental 3D printing resins (unit: %)
Contents E1 E2 E3
Bis-GMA (bisphenol A glycol dimethacrylate) 14 16 16
UDMA (urethane dimethacrylate) 20 30 30
TEGDMA (triethylene glycol dimethacrylate) 19 25 25
pentaerythiritol tetraacrylate 22 12 12
di(trimethylolpropane)tetraacrylate 22 15 15
Diphenyl(2,4,6-trimethylbenozyl)phosphine oxide 0.50 05 05
Ethyl 4-(dimethylamino)benzoate 2 2 2
Titanium oxide - - 015
Erythrosin B - - 0.001

Erythrosin B 229} 325 mesh YA 27| 7}F titanium
oxide (Alfa Aesar, USA)E ZH7}A|FHTtHTable 2). Bis-GMA
9} titanium oxideE A3 Tt
Aldrich (USA) 3]A} A o] $itt.

o] FrhelA] QRS Finly FUT 9L 2AH
ZF JAES 0.05 g2 AT =E 717 A&(BH-3000, Excell,
Hsinchu, Taiwan)2 Z2A3}c) do] 718jA= nwH7]
(RCH-3, Tokyo Rikakikai co,, Ltd., Tokyo, Japan) £l
H] AL &5 40C 2 23] 240 rpme] over-head stirrer
(RW20DZM.n, Ika-Werke GmbH & Co.KG, Breisgau,
Germany) 2 1A|7F &k 93ttt

712353 gt 2 AFFeE 3D ZyH #%& DIP type

=
2=

A FE Sigma-
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3D Z#E(Vida printer, Envisiontec,, Germany)& ©]-8-3}
o] 100 p#m¥ AFste] FHsllal, e AJHE 1SO
20795-1 749 Wk 64 mmx 10 mmx 3.3 mm= A28}
th(17). Digital Light Processing=UV (LC-3DPrint”,
NextDent, Soesterberg, Netherlands)E ¢]-8-3}o] 208 F<t
523 Aee Asdtkrgure 1.

54 JxAE F7(Press LT)S HE] AAAR 65
mmx 11 mmx4 mm =17]2] Azrete] AlES A2
SFLh Bz A A AJEL SIC ArFA] 200, 600, 800,
1200810 % AHe] PRE SAH 0% alulahe] 15O T4
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Figure 2, Viscometer to measure the viscosity of resin

tested in the experiment,
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3FITHFigure 2). Cooling system= ©]-&3}e] A|HY L&
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Figure 3. Testing of flexural strength and flexural modulus
using a universal testing machine,
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3. 714 4=

ARRHE A AEE & wphA] BHEE 8] Wl SR
£ o} 37¢ AZ7|(FO-600M, Jeio Tech,, Kimpo, Korea)
oA (24+2)A7F Fet BEETE s R 7] (2020,
Zwick, Ulm, Germany)E ©]-838}a] support 7F4L 50 mm
2 IAAZIA, 5 mm/min®] cross-head speed 2 4=
o} FHATE S48 thFigure 3).



4. MTT test

RPMI (RPMI-1640 MEDIUM 1X+2.05 mL -Glutamine)o]|
10% FBS$} A A (Penicillin Streptomycin, Life techno-
logies corporation, Carlsbad, USA)E 7}k v R & o83}
o 37T, 5% COM%¥7]1(MCO175, Sanyo Electric Biomed-
ical Co, Lit,, Osaka, Japan)ol|A4] L-929 A|3E(NCTC clone
929: CCL 1, ATCO)E 3Tt

RE AL IS0 10993-590 whegh EHA o] 3 em’/mlz}
HES Atete] wiA o] & 5 -, AR A 2o
37 Az7) oA 24003 FF FETFATH23). AT
O F EO gas® 453t aluminium oxide ceramic rod
(Samhwa Ceramic Company, Seoul, Korea)& AR-3}$aL,
A ZT O 2= 1% Phenol (OCI Company Ltd, Seoul,
Korea)= ARE3F3IT} 1-920 M|EZE 96 well plated]] 1X 10
cells/well7} H=2 100 LA EF3}L, 37C < 5% CO,
vl 7] A 24417 ok AEE FAAIF T 1™ U,
90 #L HjA} 1041 FEHE Bo] 37C fAsh= CO,
i 714 TRA] 24A13E Bl FsESTE. PBS bufferol] 1 mg/
mL %] MIT&HE 50«14 FH7VslaL, 37C A8 5%
CO, HfF7IeA 3AI7E &3F BHsigith. 2§ wiA &
A ABFAL, IsopropanolE 100 #L ¥& & 37| 2 &3}
9t} Enzyme-linked immuno-assay reader (Spectra

MAX250, Molecular Devices Co, USA)E 570 nmol|x &%

=5 St MExg=
100002 FF3}ste] =3}
o} I1SO 10993-5:2009(E) 14 ol
=40 glrkal st th1s),

=
i
H

5. B/ 2M
BE gRY S 24, A%, MITS] Haghe

IBM SPSS EE:’-%J(SPSS 22.0; IBM Co,, Armonk NY, USA)»S
o]-g-8Fe] Auf X EAHEA (one-way ANOVA) O 2 FA#]
gJ8laL, Al O 2 Scheffé tests AlFSFATH a =0.05).

2 1

1. 253 =254+

A FZTTE Al 20795-151SO 20795-1:2008) | A= 2}
7 = G%19] 71EF 60 MPa o] o2 P E o] glrk
298 3D ZTEE g7 E1 (98.20£7.88 MPa), E2 (116,10
+7.56 MPa), E3 (110.491+6.60 MPa)= B ox48 &
23t grle] 71E7H0] 65 MPad WEA 7= AyE 1)
T E A9E 3D Ty o g2 Azt 27} 7R 594
A FE FHLEE YERFEIL(p(0.05), E38H= Aol 7}
SAATHp»0.05; Figure 4).
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Figure 4, Flexural strengths of experimental 3D printing denture base resins in comparison of commercial 3D printing resins and

conventional denture base resin, Different lowercase letters are significantly different among the resins by one-way ANOVA and Schefté

test at @ =005,
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=T A= 3D ZHUEE YRo 2 A2 527 7HE
T FE FFAFE HATHP(0.05). TAFFTF

Z Al 20795-13.(1SO 20795-1:2008)0]] w2 o2 4H-g &

o ERe] ZA1F 7EdkE 2 GPa o, A dIX
o] 71FE#E 1.5 GPa o] o2 A Eoit A3E 3D
Y gz E1 (2.50+£0.10 GPa), E2 (2.96+0.09 GPa),
E3 (2511001 GPa)& ¥ -8 o =3 grle] 7|F
S WEA7l= AHRE YERY SAth(Figure 5),

=

2, B

71%% 3D ZHUEE A4 #%Q] NextDen7} 71
2 HEE B, 494 3D ZHURE 3PS gxle
E3)EDE2 ¢ AEE YERJATHP(0.05; Figure 0).

3. MTT test

= =
3 B

FAN 2T White TS
AT 70% oS eI White & A

g7l o] Uz 24 2ol & VERFA] 2Egk
tH(p)0.05; Figure 7).
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Figure 5, Flexural modulus of experimental 3D printing denture base resins in comparison of commercial 3D printing resins and
conventional denture base resin, Different lowercase letters are significantly different among the resins by one-way ANOVA and Scheffé

test at @ =005,
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Figure 6. Viscosity of 3D printing resins. Different lowercase letters are significantly different among the resins by one-way ANOVA

and Scheffé test at @ =005,
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Figure 7. Cell viability was expressed as percentage means and standard deviations of MTT conversion, normalized to the 100%
conversion of negative control, Different lowercase letters are significantly different among the 3D printing resins by Scheffé test at

a =005,
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28] gubARl 3D =YY gjzle 7l7i
g7 (Press LT, Retec, Germany)& AF&-3] 3D

Netherlands)¥} 5 7}#] &ut 3D Z E] Eﬂ’ﬂ?_] White prototyping resin (PR57-W, Autodesk, USA)¥} Clear prototyping
resin (PR48, Autodesk)= B]a a3}zl 3}t A¥E 3D ZHE XA gIZ(EL, E2, E3)0] A9 vH]&S v=7)
ko] A 2=t 3D ZEE Y= DLP 3D Z#E|(VIDA, Envisiontec)E& AFE-3FTE & AJHL 1SO 20795-1 7129
w2}k 64 mmx 10 mmx3.3 mmE AP S =Y F5A5w AR 71(2020, Zwick, Ulm, Germany)&
0]-8-3}] cross-head speed 5 mm/min® 2 ST WA AT et H7PPHO 24 MTT A& 833t
E29] 237 % W A7 E T2 IR 8 =3aL(p<0.05), whiteE A 9]g B A3lTte] A A
wAMET I F 27 flSAthp)0.05). E2= 3D ZHHE XY dRlo 2 o84 Aol 52 ARE Alsdn:

TPy oz g g o2 A2 NextDent (Base, Vertex Dental,

Mol o] : 3D T, SAE P, BRAE AAHTA
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