https://doi.org/10.21289/KSIC.2023.26.4.629 (K(S(](C
SZ57|9F FRkAIZf UhE 3D DAY 2o FZYE Bt 629

FEsp (et EeAziol UE 3D =RIY Hifle] =53 Ut

Evaluation of Flexural Strength of 3D Printing Resin
According to Post-Curing Equipment and Time

Aol xR

Hae-Bom Kim', Jae-Won Choi%

{Abstract)

This study aimed to evaluate the effect of post-curing equipment and time on the
flexural strength of 3D printing resins produced by a liquid crystal display(LCD)
printer. The three 3D printing resinsOENTCA Denture Teeth, DT; C&B 5.0 hybrid,
CH; C&B Permanent A2, CP) were divided into four groups according to post-curing
time(10 min and 30 min) and equipment with or without vacuum treatment. For the
three-point flexural strength test and biaxial strength test were prepared by method
according to ISO 10477, ISO 6872, respectively. Flexural strength was measured with
universal testing machine. Comparison between post-curing time of each post-curing
equipment was analyzed by independent sample t-test and Mann-Whitney U test(a
=.05), and comparison between groups according to each 3D printing resin was
performed by Kruskal-Wallis test and post-hoc by Bonferroni-Dunn test(a=.05). The
flexural strength of the resin post-curing under vacuum was higher than that of the
resin post-curing in air. In the comparison according to the post-curing time, in the
case of the post-curing equipment without vacuum, the 30 minute curing time
showed significantly higher flexural strength than the 10 minute curing time, except
for the biaxial flexural strength of CH(P<.05). In the post-curing equipment with
vacuum, the three-point flexural strength of all 3D printing resins(DT, CH, and CP)
showed a higher value at 30 minute curing time than at 10 minute curing time.

Keywords . Flexural Strength, Post-Curing Equipment, Post-Curing Time,
Three-Dimensional Printing
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2 Atollde Aol I = 389 3D
=y #Z(DENTCA  Denture  Teeth(DT),
DENTCA Inc., Torrance, CA, USA;, C&B 5.0
hybrid(CH), ARUM Dentistry, Daejeoun, Korea;
C&B Permanent A2(CP), ODS, Incheon, Korea)
2 ApgRlAT AT Y 7o) Wt F ) %
7Z3l7|(Twin  Cure, MEDIFIVE, Seoul, Korea;
Twin Cure V, MEDIFIVE, Seoul, Korea)E A&

3D printing materials

Dentca denture teeth C&B 5.0 hybrid C&B permanent A2
D

(n=80) (n=80) (n=80)
DLP printing

Post-curing equipment & time

No Vacuum
(Twin cure)

Vacuum
(Twin cure V)

10min 30min 10min 30min

10N 30N 1ov 30v
(n=20) (n=20) (n=20) (n=20)

Evaluation

Three-point flexural strength Biaxial flexural strength
(n=40) (n=40)

Fig. 1 Experimental design
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Table 1. Summary of 3D printing materials and postcuring equipments used in this study

Fig. 2 Configuration of three-point flexural strength
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Product Composition Manufacturer Lot no.
Methacrylate monomer
Direthane dimethacrylate
DENTCA Propylidynetrimethyl trimethacrylate
Denture initiator DENTCA Inc,
Teeth inhibitor Torrance, CA, USA AF22DI3A2
D) Pigment 1
Pigment 3
Pigment 5
3D methacrylate oligomer
printing methacrylate monomer
materials Cff;irisdo pgﬁj;?rl ARUM Dentistry, ~ C&B153DS
(CH) pigment 2 Daejeoun, Korea — 220822-001
pigment 3
pigment 4
C&B Diurethane dimethacrylate,
Permanent Bisphenol A Glycerolate Dimethacrylate OP301210
A2 2-HYDROXYETHYL METHACRYLATE ODS, Incheon, Korea 55, 547
(CP) Acryl resin
Product Technology Duration Wavelength Manufacturer Abbreviation
) 10 min 10N
Twin Cure UV LED ) 365+405nm MEDIFIVE
Postcuring 30 min 30N
equipments 10 min 10V
Twin Cure V. UV LED, Vacuum ] 365+405nm MEDIFIVE
30 min 30V
3F1
 20h2 (D
ot FAAEMPa)
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Fig. 3 Configuration of piston-on-3-ball biaxial
flexural strength test

Inc., Chicago, IL, USAYS AMES
BA] AR S

Ho=

tests Alsgolct Zr

Sk B 5
$J8ll Shapiro-Wilk test®} Levene’s
FAs1e] ARl me
b vaE SYEEE t-test 9 Mann-Whitney
U test= A8kl om, 7t 3D 29 Ao ot
2 3 7F "la= Kruskal-Wallis testS Ao}l
Bonferroni-Dunn test®= AR 442 AlS§olsct =2
= 2= p € 0.05 FollA FebdeS Al

3. Zut A u#

Al 9] 3D =Y fiE 49 AF A+
of whet 10%3 30=2] st wE 234
A} gk Table 2, 33} Fig. 4, 50 YepHIc.

37 FI7wol AL DoAY 30V(119.46
+ 7.97 MPa), 10V(114.61 + 10.18 MPa),
30N(103.16 + 6.36 MPa), 10N(90.36 + 4.39
MPa) 08 & 3% ol Yehgton, 10N
¥} 10V, 10NZ}F 30V, 182 30N} 30V 7holl=
frojulgt AolE HATHP001). 3HH, ASpAIZE
of W ulwoA 10N} 30N Atojoll= AL
2 o3t AJolE Kl HHAP001), 10Vel 30V
Afolofli= frofet Apol7k litkP=.315).

CHellAM+= 30V(155.00 + 18.14 MPa), 10V
(141.66 + 7.42 MPa), 30N(106.83 + 5.61
MPa), 10N(92.14 + 7.24 MPa) &O0& =&
I kS Hlow 10N 10V, 10N 30V,
Z18]al 30N 30V Aol fofu|dt Afol7} uh
ERZTHPC.001). A3HA] 7o tﬂri H] oA 10NZ}
30N, 10VeF 30V Zhol= fefst Afolg E9ict
(ZF PL001, P=.029).

633



634 orEAEEEER =23 AM26T A=

T

Table 2. Three-point flexural strength values of tested group (unit: MPa)

DENTCA Denture Teeth(DT) C&B 5.0 hybrid(CH) C&B Permanent A2(CP)
Mean Max/ value* Mean Max/ value® Mean Max/ value®
(SD) Min PV (SD) Min PV (SD) Min PV
10N 90.36 99.08/ 92.14 107.59/ 107.48 112.71/
(4.397 83.53 (7.24)¢ 83.78 (3.81)* 103.58
<.001 <.001 <.001
30N 103.16 117.64/ 106.83 114.87/ 120.88 124.06/
6360 94.25 G 99.22 Q77" 11518
10V 114.61 124.60/ 141.66 154.40/ 137.05 142.41/
(10.18)  90.02 (742 13151 (3.6 130.15
315 .029 121
30V 119.46 128.60/ 155.00 173.20/ 142.93 158.16/
(7.97)F 104.71 (18.14)° 116.20 (10.83)° 124.53
p value®™  <.001 €.001 <.001

*Values were calculated using independent samples t-test or Mann-Whitney U test, and flexural strengths
were compared between 10 and 30 min in each postcuring equipments. **Values were calculated using
Kruskal-Wallis test. The same letters indicate a significant no difference between groups (10N, 30N, 10V,

and 30V) (p ) 0.05).

Table 3. Biaxial flexural strength value of tested group (unit: Mpa)

DENTCA Denture Teeth(DT) C&B 5.0 hybrid(CH) C&B Permanent A2(CP)
Mean Max/ alue* Mean Max/ alue* Mean Max/ alue*
(SD) Min P VAU (SD) Min P Vet (SD) Min P Vad
LON 115.77  159.26/ 131.13  148.08/ 137.51 168.31/
(20.84) 98.29 01 (6.98)" 124.20 (13300 124.94 001
. 13533 150.87/ ' 14123 173.27/ 17456  218.68/ '
(8.26)™ 121.39 (18.1D™  120.70 (20.81°  154.33
LoV 147.67  184.29/ 167.96  219.00/ 178.63 21139/
(21.13>  125.34 480 (21.57°  151.16 012 (19.89°  143.67 530
. 15296  162.82/ ’ 159.70  164.95/ ' 177.18  184.45/ '
(8.94)° 132.28 (3.84)° 153.49 6.02)° 167.53
p value®™ <001 €.001 €.001

*Values were calculated using independent samples t-test or Mann-Whitney U test, and flexural strengths
were compared between 10 and 30 min in each postcuring equipments. **Values were calculated using
Kruskal-Wallis test. The same letters indicate a significant no difference between groups (10N, 30N, 10V,

and 30V) (p > 0.05).
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