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Resumo 
Introdução: com o avanço tecnológico dentro da odontologia, as resinas fotopolimerizáveis para 
impressão tridimensional (3D) se tornaram uma alternativa para a fabricação de dispositivos 
interoclusais. Objetivo: o presente trabalho teve como objetivo analisar a resistência flexural de uma 
resina para impressão tridimensional comparada com resinas acrílicas convencionais (quimicamente 
ativada e termicamente ativada), sob a influência da termociclagem. Material e método: foram 
confeccionados 60 corpos de prova, que foram distribuídos aleatoriamente em seis grupos experimentais 
(n=10), de acordo com a resina utilizada (resina acrílica ativada quimicamente, resina acrílica ativada 
termicamente e resina para impressão 3D) e com o tratamento recebido (controle e termociclagem). Os 
corpos de prova foram submetidos ao ensaio de flexão de três pontos para determinação da resistência 
flexural. Resultado: a análise dos dados demonstrou que o fator material (<0.0001) e o fator 
termociclagem (p=0.0096) influenciaram a resistência flexural, entretanto, a interação entre os dois 
fatores não (p=0.9728). Conclusão: deste modo podemos concluir que a resina para impressão 3D 
apresentou desempenho inferior às resinas acrílicas, especialmente quando submetida a termociclagem. 
Descritores: Resinas para impressão tridimensional; resinas acrílicas; placas estabilizadoras. 

Abstract 
Introduction: with the technological advance in dentistry, light-polymerized three-dimensional 
(3D) printing resins had become an alternative for the manufacture of occlusal splint splints. 
Objective: the present study aimed to analyze the flexural strength of a resin for 3D printing 
compared to conventional acrylic resins (chemically activated and thermally activated), under the 
influence of thermocycling. Material and method: 60 specimens were made, which were distributed 
in six experimental groups (n = 10), according to the resin employed (chemically activated acrylic 
resin, thermally activated acrylic resin and 3D printing resin) and the treatment received (control 
and thermocycling). The specimens were submitted to flexural strength by the three-point flexural 
test. Result: data analysis showed that the material factor (<0.0001) and the thermocycling factor 
(p = 0.0096) influenced flexural strength, however, the interaction between the two factors did not 
(p = 0.9728). Conclusion: it was concluded that 3D printing resins presented the lowest flexural 
resistance to acrylic resins, especially when submitted to thermocycling. 
Descriptors: 3D printing resins; acrylic resins; occlusal bite splint. 
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INTRODUCTION 

The significant technological advance in digital dentistry, mainly in three-dimensional 
printing (3D), provided new options to the workflow, reducing time and production cost, 
however keeping acceptable precision levels to solve different therapeutic approaches1. 

Digital light processing (DLP) 3D printing uses light-polymerization method, where the 3D 
printing machine displays one single image of each layer in the whole platform simultaneously. 
The precision of the object obtained varies according to the type of 3D printing2. Moreover, the 
DLP method was reported as more precise than other types of 3D printers3. 

The literature reports several 3D printing applications, like in maxillofacial reconstruction4, 
planning and interventions in implantology5, planning in orthognathic surgeries6, orthodontic 
appliances (braces)7, metal frameworks for removable partial dentures8, fixed partial dentures9, 
study and work models2, and stabilization bite splints10. 

Occlusal bite splints therapy is commonly used to treat temporomandibular disorders and 
prevent dental wear11. Polymethyl methacrylate (PMMA) resins are widely employed to 
manufacture this device12. An efficient alternative that presents precision and interesting cost-
benefit is the use of 3D printing equipment to obtain occlusal bite splints. Production of occlusal 
bite splints with 3D printing provides more precise treatment planning, is time saving and have 
more predictable outcomes13. 

One of the most studied properties of materials is flexural resistance, usually assessed with 
the three-point flexural test, which determines the load supported by the material investigated. 
This test determines tensile stress, compressive stress, and shear stress of a bar when submitted 
to a load14. 

There is in the literature a gap in the understanding of the properties of materials used for 3D 
printing, particularly with regard to flexural resistance. Thus, the present work aimed at 
assessing flexural resistance of a 3D printing resin, compared to conventional acrylic resins, and 
thermocycling effects on them. The null hypothesis tested was that there would be no differences 
in the flexural resistance of both resins in the control group and thermocycling group. 

METHODOLOGY 

Materials 

Two types of acrylic resins were selected, a chemically actived acrylic resin (CAAR) (VipiFlash, 
Vipi Indústria, Comércio, Exportação e Importação de Produtos Odontológicos Ltda, 
Pirassununga, SP, Brasil), and a thermally actived acrylic resin (VipiCril Plus, Vipi Indústria, 
Comércio, Exportação e Importação de Produtos Odontológicos Ltda, Pirassununga, SP, Brasil). A 
3D printing resin indicated for the manufacturing of occlusal bite splints (Yller Cosmos Splint 
Incolor, Yller Biomateriais, Pelotas, RS, Brazil) was employed. 

Acrylic Resin Specimens Manufacturing 

Sixty specimens were produced in beam shape (65.0×10.0×3.3 mm) (±0.2 mm), according to 
ISO 20795-1 standard. The acrylic resin specimens were produced using stainless steel matrix 
with four cavities shaped as rectangular beams. 

For the manufacture of chemically activated acrylic resin (CAAR), the matrix was isolated with 
water based lubricant. Then the CAAR was handled according to the manufacturer’s 
recommendations. As the plastic phase was reached, the resin was positioned inside the matrix, 
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and manual pressure was performed with thick glass plate. The resin excess was removes with 
Lecron spatula. Full polymerization of the resin was waited in order to remove it. 

For thermally activated acrylic resin specimens (TAAR), the matrix was isolated with water 
based lubricant (KY, Dailus, Embu das Artes, SP, Brazil) poured with wax 7 (Lysanda, São Paulo, 
SP, Brazil) molten inside the matrix cavities. Then the wax molds were removed and placed in 
metallic muffle for conventional polymerization. For such, the muffles were isolated with water 
based insulating solution and filled with type III stone plaster (Asfer Indústria Química Ltda., São 
Caetano do Sul, SP, Brazil). Three wax molds were positioned over it with at least 1 cm distancing. 
Zetaplus condensation silicone wall technique (Zhermack, Badia Polesin, RO, Italy) was chosen to 
facilitate cleaning and polishing of the specimens. The counter-muffle was filled with type III 
stone plaster and positioned in the hydraulic press, then submitted to 1,250 Kgf load. Wax 
removal occurred shortly after, with boiling water for 5 minutes. 

After wax removal, isolation of the plaster present in the muffle was made with alginate 
isolating solution (CEL-LAC SS White Artigos Dentários Ltda, Rio de Janeiro, RJ, Brasil). TAAR 
was handled according to the manufacturer guidance, and deposited on the plastic phase over 
the spaces obtained in the silicone wall, and then a cellophane paper rectangle was positioned 
to close the muffle. A preliminary pressing was performed with 1000 Kgf pressure, and after 
the muffle opening the cellophane paper and excess material were removed. The muffle was 
closed again and submitted to 1250 Kgf pressure, and 20 minutes passed before 
polymerization. 

Conventional polymerization was performed immersing the muffle in aluminum pan with 3 liters 
of cold water. Initially, the stove flame was kept positioned in low heat for 30 minutes, and then the 
flame was augmented to boil for 90 minutes. The muffles were opened after cooling, and specimens 
in TAAR were removed. 

CAAR and TAAR specimens were finished and polished. The rougher were removed with 
tungsten drill. Then polishing was performed with hand sander under constant irrigation, using 
a sequence of three water sandpapers in the following granulation order: #400, #600 and #1200. 
At the end of the process all specimens were measured with digital caliper (Mitutoyo Sul 
Americana, Suzano, SP, Brazil) to verify the dimensions, and then kept in distilled water for 30 
days, until the start of the flexural resistance test. 

Obtention of 3D Printing Resin Specimens 

The specimens (n=20) were virtually drawn in three-dimensional manipulation software 
(Meshmixer; Autodesk Inc) following the matrix pre-established measures. The file generated, 
in .STL format, was then sent to the 3D printer (Phrozen Tech Co. Ltda, Hsinchu, Taiwan) and 
printed in light-polymerized resin at 90-degree angle. Once the printing was completed, they 
underwent cleaning process to remove the surface resin with ultrasound bath for 2 minutes in 
isopropyl alcohol and then mechanical removal with brush was performed. As they were dry, 
the polymerization process was concluded by placing them in post-cure equipment for 5 
minutes. Based on the dimensions of this calibration block, adjustments were made to the time 
of exposure to light of the cure layers. 

Study Groups 

The specimens were randomly distributed across groups, respecting control and 
thermocycling groups. Table 1 presents the study groups. 
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Table 1. Study groups according to type of resin and treatments.  

Resin Treatment Group n = (60) 
CAAR Control Chemically activated resin control 

(Cc group) 
10 

Thermocycling Chemically activated resin 
thermocycled 

(Ct group) 

10 

TAAR Control Thermally activated control 
(Tc group) 

10 

Thermocycling Thermally activated resin 
thermocycled 

(Tt group) 

10 

3D print Control 3D printed resin control 
(Pc group) 

10 

Thermocycling 3D printed resin thermocycled 
(Pt group) 

10 

Thermocycling 

Ct, Tt and Pt groups’ samples were subject to thermocycling for 10000 cycles, with 
temperatures ranging from 5°C to 55°C, and time of permanence of six seconds in each water 
tank, after 30 days of immersion. 

Flexural Resistance 

The three-point flexural test was used to determine the samples’ flexural resistance. The 
tests were executed with a universal testing machine (Biopdi, São Carlos, Brazil). Distance of 
50 mm was kept between supports and the load was applied in the core of the specimen. The 
test was performed with a 100 N load cell, at constant speed of 5 mm/min, until rupture. 
Flexural resistance was obtained by the formula: σ = 3FI/2 bh2, where F is maximum load in 
Newton; I is the distance between supports, that is, 50mm; b is the specimen width, and h is 
the specimen height. 

Statistical Analysis 

Data normality was verified by Shapiro-Wilk test. Variance analysis (ANOVA) with two factors 
(material and thermocycling), followed by Tukey test, were used to compare flexural resistance 
[MPa] across groups. The significance level adopted was 5% and data processing was performed 
using the software Graphpad Prism 7.0. 

RESULT 

Table 2 and Figure 1 presents mean, standard deviation, confidence interval (95%) data, 
and minimum, maximum, and median value of the flexural resistance of the groups 
analyzed. 
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Table 2. Mean, standard deviation, confidence interval (95%), and minimum, maximum, and median value 
of the flexural resistance [MPa] of the groups analyzed 

Group Mean Standard deviation Confidence interval (95%) Minimum value Median Maximum value 

Cc 120.20 14.90 109.50 - 130.80 91.73 122.20 136.80 

Ct 110.90 14.62 100.40 - 121.30 92.45 112.00 134.30 

Tc 140.50 17.87 127.70 - 153.30 106.50 144.90 160.60 

Tt 129.00 16.16 117.40 - 140.50 104.10 130.40 157.00 

Pc 80.67 14.87 70.03 - 91.30 61.92 77.40 107.00 

Pt 70.49 9.85 63.45 - 77.54 56.27 71.32 88.45 

  
Figure 1. Graph of the mean flexural resistance obtained in the different study groups. 

Different letters indicate statistically significant difference (p<0.05) between groups. Values 
expressed as mean + standard deviation. 

The analysis of data demonstrated that the material factor (<0.0001) and the thermocycling 
factor (p=0.0096) influenced the flexural resistance, however, the interaction of the two factors 
did not (p=0.9728). 

DISCUSSION 

The present work analyzed the flexural resistance of a 3D printing resin, compared to resins 
used conventionally for the manufacture of occlusal bite splints (CAAR and TAAR). Control and 
thermocycling groups were established to also assess the influence of thermocycling in these 
acrylic resins. According to the results, both material and thermocycling influenced the results, 
which rejects the null hypothesis tested. 
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Occlusal bite splints are important therapeutic resource in the treatment of TMDs, because 
they create stable occlusal contacts with the antagonist teeth, producing a better relation of the 
articular disc with the mandibular condyle, where a more harmonic relationship can reduce 
muscular strain15. To manufacture these devices acrylic resin is used, and more recently 
CAD/CAM and 3D printing resins9,16,17. Reports of appliance break are not uncommon, due to fall 
or material wear. For this reason, flexural resistance is a highly important parameter, because it 
determines the resistance of a material to the forces that can cause its fracture or deformation18. 
The test was made based on ISO 20795-1 standard for prosthetic polymers. 

The literature has explored, in some studies, the behavior of material used for 3D printing in 
Dentistry. In this regard, understanding materials properties is necessary for their validation as 
therapeutic option. A comparative study involving 6 conventional resin brands and 3D printing 
resins observed difference in the values of flexural strength, with conventional resins presenting 
significantly higher values compared to 3D printing resins10. However, these characteristics are 
not related only to the manufacturing technique, but also to the composition of each product, as 
show in the study by Prpić et al.19, where in the flexural strength test the nano-acrylic 3D resin 
specimens did not fracture with maximum load of 117.2 MPa, while those of acrylic 3D resin were 
the first with 75 MPa, obtaining values significantly inferior to those of conventional resins, which 
ranged from 88.3 MPa to 104.9 MPa, according to the brand. In the present study, 3D printing 
resins was employed, which explains flexural resistance values similar to those found in the 
previously mentioned study. 

Lutz et al.20 addressed the behavior of three resins used for the manufacture of stabilization 
bite splints; one is CAD/CAM milling resin, the other for printing and one conventional TAAR. The 
devices were analyzed as to their resistance to fracture with or without chewing cycle. In that 
study, the splints manufactured by three-dimensional printing proved to be more susceptible to 
wear and less resistant to fracture than those milled or conventionally manufactured. The authors 
also suggested that the splints manufactured by the 3D printing method should be used for short 
time in the oral cavity, and that new materials should be found for the manufacturing of splints. 

Another factor analyzed in these studies is the mechanical change that printing resins suffer 
with ageing, and it was reported that through artificial ageing test this materials tend to have their 
flexural properties affected, with reduction in strength and flexural module values, which is in 
accordance with the results found in our study9,21. 

Different 3D printers and materials have been used in Dentistry, including selective laser 
sintering (SLS), thermal inkjet (TIJ), and fused deposition modeling (FDM)22. For the present 
study, a commercially available SLA printer was used with a light-sensitive polymer, polymerizing 
layer by layer using a laser with wave length of 405 nm to 23 ± 2 C. The resin contained 
methacrylate and phosphine oxide, suitable for intra-oral use in a fully polymerized state. 

Moreover, the production of an oral device by 3D printing process can reduce costs and expenses 
and improve the treatment precision. When combined with oral scanning, which can be quickly 
made, lower costs can be expected compared to the conventional manufacturing technique23,24. The 
adjustments of these splints are faster, which favor the professional productivity25. However, as 
reported in this work, printing resins were less resistant to forces in the flexural resistance test, 
which can compromise the appliance durability, and produce less wear on antagonist teeth12. 

CONCLUSION 

Despite the growing adoption of the method of manufacture of occlusal bite splints by 3D 
printing, the resin employed in this study presented unsatisfactory performance, particularly 
when subject to thermocycling. This result supports the idea that the use of these splints should 
be temporary, with a shorter time of use; however, due to differences in the literature, new 
studies should be conducted. 
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