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Abstract 

Introduction: 3D-printed resins have gained relevance in restorative dentistry due to their ability to produce highly precise, 

customized restorations. However, their mechanical behavior under thermal aging still requires further investigation. 

Objective: To evaluate the mechanical performance of 3D-printed light-cured dental resins using flexural strength tests and to 

determine the effect of simulated thermal aging via thermocycling. 

Materials and methods: An in vitro experimental study was conducted using two light-cured resins (VoxelPrint Ceramic and 

Prizma BIO Crown Diamond). Forty specimens (25 × 2 × 2 mm) were fabricated and divided into four groups (n = 10): VCT, 

VST, PCT, and PST. Twenty samples were subjected to 10,000 thermocycling cycles (5–55 °C), and the remaining samples 

were stored in distilled water at 37 °C for 24 h. Flexural strength was assessed using a three-point bending test, and the data 

were analyzed with descriptive statistics, Shapiro-Wilk, 2×2 factorial ANOVA, and Welch's t-test (α = 0.05). 

Results: The VCT group exhibited the highest flexural strength (89.08 ± 14.31 MPa), while PCT showed the lowest values 

(31.91 ± 11.14 MPa). Material type was the factor with the greatest influence on the results. Prizma Diamont showed a 

significant decrease after thermocycling, while VoxelPrint showed greater stability. 

Conclusion: The flexural strength of printed resins is influenced by material type and thermal aging. VoxelPrint Ceramic 

showed better mechanical performance and greater stability after thermocycling than Prizma BIO Crown Diamont, although 

further studies are needed to evaluate its long-term behavior. 
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Introduction 

Composite resins have acquired a fundamental role in 

modern restorative dentistry due to their ability to offer 

minimally invasive treatments with satisfactory aesthetic 

and functional results. In recent years, the development of 

additive manufacturing technologies has allowed the 

incorporation of light-cured resins for 3D printing into 

various dental treatments. These materials enable the 

fabrication of customized dental restorations with high 

dimensional accuracy, which optimizes clinical-digital 

workflows and reduces laboratory production times. In this 

context, the mechanical properties of these materials are 

crucial to ensuring their clinical performance and durability 

in the oral environment. (Di Fiore et al., 2024; Gad & 

Fouda, 2023; Saini et al., 2024) [13, 20]. 

Several studies have evaluated the behavior of 3D-printed 

resins used in restorative and prosthetic dentistry. It has 

been shown that factors such as the material's chemical 

composition, print orientation, layer thickness, and post-

curing protocols significantly influence their mechanical 

properties. Recent research has reported that the flexural 

strength of printed resins can vary depending on the printing 

parameters and the subsequent polymerization process, 

which directly impacts the structural stability of restorations 

fabricated using this technology. (Al-Dulaijan et al., 2023; 

Bennett & Kohler, 2025; De Angelis et al., 2024) [2, 6, 9]. 

Flexural strength is one of the most widely used mechanical 

properties for evaluating the behavior of polymer-based 

restorative materials. This test determines a material's ability 

to withstand load without fracturing, simulating functional 

conditions similar to those found in the oral cavity. Recent 

studies have shown that impression resins can undergo 

changes in their mechanical properties when subjected to 

aging factors such as humidity, temperature variations, or 

prolonged exposure to the oral environment, which can lead 

to progressive degradation of the polymer matrix. (Baytur & 

Diken Turksayar, 2024, 2025; Choi et al., 2025; Temizci & 

Bozoğulları, 2024) [5, 16, 24]. 

Despite the increasing use of 3D-printed resins in dentistry, 

there is still limited evidence regarding their mechanical 

behavior over time under conditions that simulate the oral 

environment. Some studies have analyzed the influence of 

post-curing or impression orientation; however, further 

research is needed to evaluate the stability of these resins 

after accelerated aging processes, such as thermocycling, 

and their impact on flexural strength. Thermocycling is one 

of the most widely used methods for simulating the thermal 

aging of dental materials, as it reproduces the temperature 

changes present in the oral cavity. Understanding these 

effects is crucial for estimating the lifespan of 3D-printed 

restorations and their long-term clinical application. (Hasan, 

2025; Mudhaffer et al., 2025; Tayeb et al., 2025) [14, 19]. 

In this context, the objective of this study was to evaluate 

the mechanical performance over time of printed resins 

using flexural strength tests. The null hypothesis stated that 

there would be no statistically significant differences in 

flexural strength between the resins evaluated or between 

the aging conditions applied. 

 

Conclusión 

Based on the results obtained, the null hypothesis was 

rejected, as statistically significant differences in flexural 

strength were identified among the resins evaluated and 

among the aging conditions applied. The results 

demonstrated that both the type of material and the 

thermocycling process influenced the mechanical behavior 
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of the printed resins, and a significant interaction between 

these two factors was also evident. 

The behavior under thermal aging was not uniform. Prizma 

BIO Crown Diamont showed a significant decrease in 

flexural strength after thermocycling, while VoxelPrint 

Ceramic showed no statistically significant changes, 

demonstrating greater mechanical stability under the 

evaluated conditions. Comparatively, VoxelPrint Ceramic 

exhibited higher flexural strength values under all 

experimental conditions, suggesting better mechanical 

performance compared to Prizma BIO Crown Diamont. 

From a clinical perspective, these findings indicate that the 

performance of printed resins depends on their formulation 

and their response to aging. However, clinical extrapolation 

of these results should be approached with caution due to 

the inherent limitations of in vitro studies. 

It is recommended that future research include a greater 

number of materials, evaluate multiple mechanical 

properties, and consider additional variables such as 

impression orientation, post-curing protocols, and more 

complex accelerated aging methods. Furthermore, it is 

essential to develop in vivo studies to validate these findings 

under real clinical conditions and evaluate the long-term 

durability of resins printed in digital restorative dentistry. 
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