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A study on the shear bond strength between 3D printed resin and

provisional resin after thermal cycling

Ji-Hun Yim, Soo-Yeon Shin*

Department of Prosthodontics, College of Dentistry, Dankook University, Cheonan, Republic of Korea

Purpose: In this study, we intended to study the change in bond strength according to the thermal cycling of provisional resin and 3D
printed resin for making provisional restoration. Materials and Methods: Through DLP method, 3D printed resin powder was used
to produce 3D printed resin samples. The samples were grouped into eight groups, according to types of provisional resin (PMMA,
bis-acryl resin) which is to be bonded on the samples and numbers of thermal cycling (control, 2,000, 3,000, 5,000 cycles). Shear
bond strength of the bonded samples was measured on the universal testing machine. Results: As the number of thermal cycling
increased, the shear bond strength of PMMA and bis-acryl resin for 3D printed resins decreased except between 3,000 cycles and 5,000
cycles in PMMA groups. In the PMMA group, there were significant differences in shear bond strength between less number than 3,000
cycles (P < 0.05) and no significant differences between more number than 3,000 cycles (P > 0.05). In the bis-acryl resin group, there
were significant differences in shear bond strength between control and 2,000 cycles, control and 3,000 cycles, and control and 5,000
cycles (P < 0.05), no significant difference between 2,000 and 3,000 cycles, between 3,000 and 5,000 cycles (P > 0.05). Conclusion:
The shear bond strength between 3D printed resin and provisional resin tended to decrease after thermal cycling. (J Dent Rehabil

Appl Sci 2021;37(3):101-10)
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Table 1. Classification and abbreviations of tested groups (n = 10)

Number of thermal cycling

Control 2,000 cycles 3,000 cycles 5,000 cycles
. Jet (methyl methacrylate) JO ]2 J3 J5
Materials . .
Luxatemp (bis-acryl resin) LO L2 L3 L5
Table 2. Provisional resin in this study
Material Manufacturer Composition
Jet Lang Dental, Wheeling, USA Methyl methacrylate, N, N-dimethyl-p-toluidine
Luxatemp DMG, Hamburg, Germany Urethane diacrylate, aromatic diacrylate, glycol methacrylate,

pigments, additives, stabilizer, silica, glass fiber

Fig. 1. Experiment design of tested groups. (A) Provisional
resin, (B) 3D printed resin.
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Fig. 2. Customized rod for shear bond strength test.
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Table 3. Mean and standard deviation of shear bond strengths (unit: MPa)

Mean £ SD (MPa)

Group P
Jet Luxatemp
Control 1.75 £ 0.41 2.88 = 0.58 < 0.001*
2,000 cycles 1.14 £ 0.46 1.57 £ 0.65 0.110
3,000 cycles 0.66 + 0.44 1.03 £ 0.51 0.098
5,000 cycles 0.98 £ 0.25 0.63 = 0.41 0.092
P values were calculated by result of independent samples t-test between Jet and Luxatemp group.
* denotes significant difference at level of 0.05
Table 4. Tukey HSD test of shear bond strength between groups
Control 2,000 cycles 3,000 cycles 5,000 cycles
Jet 1.75 £ 0.41° 1.14 £ 0.46° 0.66 £ 0.44° 0.98 £ 0.25°
Luxatemp 2.88 +0.58° 1.57 + 0.65° 1.03 + 0.51¢ 0.63 + 0.41¢
* Same superscripted letters indicate no significant difference at level of 0.05.
Table 5. Result of two-way ANOVA
Source Type III sum of squares df Mean square F Sig.
Corrected Model 114874.350" 7
Intercept 313751.250 1 16410.621
. 28.696 < 0.001*
Material 15103.008 1 313751.250
548.641 < 0.001*
Cycle 94011.106 3 15103.008
. 26.410 < 0.001*
Material * Cycle 5760.236 3 31337.035
54.798 < 0.001*
Error 41174.620 72 1920.079
3.358 0.023*
Total 469800.220 80 571.870
Corrected total 156048.970 79

* denotes significant difference at level of 0.05.
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Fig. 4. Failure mode analysis of Jet group.
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Fig. 3. Fractography of scanning electron microscope (x50 magnification).
The arrow indicates the provisional resin and the circles indicate the
3D printed resin. (A) Cohesive failure, (B) Mixed failure, (C) Adhesive
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Fig. 5. Failure mode analysis of Luxatemp group.
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