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Comparison evaluation of Flexural Strength of Photopolymerized
Composite Resin for 3D Printed Provisional Restorations
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Abstract Since the introduction of 3D printing technology, various equipment and materials have been
developed and have expanded the scope of applications. Research related to the properties of newly
developed materials is needed. Therefore, in this study, we compared the flexural strength of various
temporary crown resins produced using 3D printing. Specimens were designed according to ISO 10477
standards (25 mm x 2 mm x 2 mm) for flexural strength measurement. Five types of resins from different
manufacturers were selected, and specimens were printed using a digital light processing (DLP) printer
(n=10, N=40). A three-point flexural strength test was conducted using a universal testing machine. To
compare the groups, a one-way analysis of variance (ANOVA) was conducted, and Scheffe's post hoc test
was used. Significant differences were observed among the groups (P < 0.05). However, since all groups
exhibited values higher than the flexural strength threshold specified by ISO-10477, it is suggested that
the resin materials would be acceptable for temporary restorations produced with 3D printing
technology in all groups.
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EZv AQE ol€sh= 3D =Y WA 0&E= FDM
(Fused Deposition Modeling), DLP (Digital Light
Processing), SLA (StereoLithography Apparatus),
LOM (Laminated Object Manufacturing) @ SLS
(Selective Laser Sintering) ¥4l 5°| Jtt5l. o] &
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2.1 A HI=

Specimen design
According to ISO 10477 guideline

I

TH group
(Tera Harz TC-80DP, Korea)

DT group
(Denta Tooth, Australia)

LT group
(Labotech, Korea)

MD group
(MAZIC D, Korea)

I

3D printing
(Asiga Max, Australia)

I

3-point bending test by instron
(n=10, N=40)

Fig. 1. Flowchart of the experimental process
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materials) T2 @&} AlH-E(2mm X 2mm X 25mm)

gaelstct. #US Standard  triangulated

language(STL) BA 2 A3t & &efoly ALES

o](Asiga composer, Asiga, Australia)® F&5IT}.
AlE ARl ARgE AHES Fig. 29 At

Fig. 2. 3D printing system
(a) DLP type 3D printer (b) resin wsh
(c) resin curing unit

A2 AAgE Q] F7gsHy zlof ¥l FEY FekZ
FAStY] A5t FUErF =2 DLP 49 3D =Y
El(Asiga Max, Asiga, Australia)g o]-&s}o], LT 1&
(Labotech, Hanjin dental, Korea), TH 1% (Tera
Harz TC-80DP; Graphy, Korea), DT 1% (Denta
Tooth; Asiga, Australia), MD 1% (MAZIC D
TEMP, Vericom, Korea) & 439 1S 4 1§ 3
10704, & 4071E AR, W8S Este] =2
gt 25 257 95 A 220 50 mE AFSto] A
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ZstieH21].

Table 1. Curing Machine Properties

Curing Machine Properties

Light Source UV LED
Curing Time 1-30 min
Input Voltage 100-240V. 50/60Hz
Output Voltage 24V,6.5A
LED Wavelength 395nm - 405nm
LED Power Output 112w
UV Energy density 80000mj/cm2
Irradiance of UV 200mW/cm2
LED Operation Temp 5-35°C

E AEH2 AZF & 3D =Y FRAL AF7
(FormWash, Formlabs, USA)E o]&3to] &47-& &N

o] 108 Z9F AlF3tal, UV A37](CureM; Graphy,
Korea)& A|RA] Z|Alof wha} 108 52t 458 A
A5ttt

Belo] A7), 24} A7 S AWSHE B F oF
2 Haslstad 2zte] A4 5o et AzA} A
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A5
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25mm

N
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Fig. 3. Flexural strength test
(a) Three-point bending test (b) A specimen fabricated
in accordance with ISO 10477
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Fig. 204 B v} o] ks A= Al¥7](Instron
3345, Instron Corporation, USA) 38 2% 7%=
S48 A5 Aok, AAH Aol A3k H7 AlH
AAAHS. ARAESE AHY Sl AXA
2 Wgko A AlHo| HdE= A7 £ Imm
9 £Z=(Imm/min)Z B3 & 7ot o sia-&
Aokt e 22 41 ol&sto] & 4071 AlH
9o EFAEE AESIH
Flexural strength = 3FL / 2bd* (1)

Where F=maximum load (N), L=the distance
between the support spans(mm), b=width of the
specimen (mm), d=thickness of the specimen
(mm) [8,22]

2.3 84 &M

4 9 A A9 3d 2 A A3 A= 54
g2 I(IBM SPSS 24.0, SPSS Inc, USA)S °]-&3}]
HA5t9ich  dlojge] A{EEZE sk sl
Shapiro-Wilk FA4<, 52439 E1S 9dll Levene

43S APotget. 1 A3t dlolE7t AR 5&
AHM3E THEote Lﬂ JE79] BAAYI fo3t Rols
HA517] flote] LufR] BEAREAS Aoyl om, A

AAol= Scheffe BG4S AREsHh

4

3. 97 Z} ¥ 1%

3D ZHYE fX9 3 23 Ak 59245 41 1
£9] 7} 42 DTLE 115.81MPa, MD1E 108.81
MPa, THIE 125.96 MPa , LT1E 102.75 MPa <
HYT, 459 FT4% B2 113.33 MPa ©lt
(Table 2). ¥l 283 ShuiR] AR S A% A

ol BAACE {7t Zol7t Sl= A= e
"’“‘:’r(P< 05).

LA BAREAS] AR EA4483 DT-TH, DT-LT,
MD-TH, TH-LT 1§ 9] Ao|7} Sl= A& Yehyt
o} BE ggHo= 6@7}%} =2 ol JARE 1F
% TH 18°] 7MY =2 A=& Btk
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Table 2. Mean %= SD and 95% confidence interval of
flexural strength for DT, MD, TH and LT
groups(DT: Denta Tooth; MD: Ma zig D; TH:
Tera Harz; LT: Labotech)

Standard| 95% confidence
Group N Mean |deviatio| _interval(C) F | P-value
n(SD) Min Max
DT 10 115.81| 1.76 111.81 [119.80
MD 10 [108.81| .96 106.62 [110.99
TH 10 [125.96| 4.27 | 116.28 [135.64 16.912] .000
LT 10 |102.75| 1.06 100.33 |105.17
AT 5o 111333
groups
160
B 140
2
§o 120 é
2 = &
Q:;; 100
[
0

DT MD TH LT

Groups

Fig. 4. Box plot of flexural strength measurement

£ QTOIAE M348 3D ZAF] AL 47 A
249 PALS: A1) SALEE 2 WA,

deufa] AR ZAs DT-TH, DT-LT, MD-TH,
TH-LT 1% 7to= EAFOZ 89l5t xjo|7} 9= A
o= Uehylth —‘:r QAo 318757 423 ol

£ AT bRt 7 04 g Are w25
5 vhdo] gk Ao oA ER HAaghe] Ve ¢
AEA T IF 719 Aol Ajbete] ARAEe] s
£ Aol shte] 7S A 4= kel AbeEch
AAIA T A Qe AARAHA)7E L4472 o
TE B350l Yofa] detksliof gt 37 Hollde o
geo] Zhgetmg Yo =R Qlsto] YAx|To] ohEd
Aol ol A EHL2 (YRS AFESHLL ¢ Eﬁt}
of 383 ZAoIt. £ AFolA 459 AAAH
A HRe 2R Es &% A3 A4 Bd 7JEL
113.33 MPa ©|%l1, TH 159 ®4o] 125.96MPa=®
7V e £&28 HYoH, LT J%°] 102.75MPag
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wortt. 7129 A EE(self curing resin) YAIX] FAIE ofA] 2 IF, 108, 208 A3 17 F
#g FA9 FFHo] 2 FIAEE BAS Choi 108 345k 159 #igo] 71 B =&EHILS
et all23]19] AFolA= t7] FollA HZS A 1 BAske

S|4 Caulk Temporary bridge resin®] 62.347 E AFoA SHT I A9 7 Al AL A
MPaZ 7MY =2 24 AL g Hol1, 49 oA 5 AT ST %0 oty Aozt sk, ole Zt
A7l IFNAME Jet7t 77.093 MPaZ 7F &4t 3D 29 A AxANA d4sHs 3DEHE Y= &9
Yo 9o AFHE 2 A7 JAXTE XY B 5HA] g1, AHRE Qg eAE £0)7] ¥l sk Y
o+ SFAE7 113.33 MPaE H %52 € & AR T 3DZH-E FH|E AJHE Eoto] A2 FFE QL

oh ES 2 A9 407) AlH9 E3A F IA gk
100.33 MPa2 7|&9] A7F583 =xle] vls) 3D2H
28 gizlo] dA5] BTt w9 & 4= AUSlTh Cho
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g9 ST o =4 UER, 1 3kl £ A9
ZA7et Zo] 100 MPa o9 & A4S g1 5
AT
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