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Abstract: Introduction: 3D printing resins have gained popularity in dentistry due to their practicality
and reproducibility. However, differences in chemical composition have a direct influence on the
mechanical properties of these materials and the various evaluation methods have generated
different results which make it difficult to compare their properties. Objective: The aim of this study
was to evaluate the influence of the orientation of the impression layers on the mechanical properties
(flexural strength and flexural modulus) of biocompatible printed resins. Methods: 100 specimens
(n=20) were made from bars measuring 2 x 2 x 25 mm, divided according to the angulation relative
to the printing platform (V0, V22.5, V45, V67.5, V90). The bars were designed using Autodesk
Meshmixer CAD software and printed on a 3D LCD printer. For the control group, composite resin
specimens were made following the same patterns as the printed resins. These bars were subjected
to 3-point bending tests on a universal testing machine and flexural strength (FS) and flexural
modulus (MF) were evaluated. Results: The mean values of flexural strength and flexural modulus
showed no statistically significant differences between the groups. The composite resin control group
showed significantly higher mean values in both factors analyzed. Conclusion: It can be concluded
that the groups showed minimal differences in the angles studied in both flexural strength and
flexural modulus, showing the anisotropic behavior of the restorative material manufactured by 3D
printing, suggesting that the choice of any printing angle can determine the applicability according
to the characteristics and function of the object to be printed.

Keywords: composite resin; three-dimensional printing; computer-aided design; flexural strength;
flexural modulus

1. Introduction

With the arrival of the digital age in the 1980s, the digital workflow was implemented in
dentistry and has been gradually improved in all areas [1]. The CAD-CAM system is a type of
manufacturing that is becoming increasingly popular and consists of three stages: scanning, digital
processing/design and computer-aided manufacturing [2].

Subtractive manufacturing, i.e. the milling method carried out using a ready-made ceramic or
resin block with properties pre-defined by the manufacturer, has been the most widely used
technique for making prostheses using digital flow. Although this technique is effective for
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producing high-precision parts, it generates waste that can have an impact on the environment. Tools
have a limited lifespan, as exposure to high temperatures and pressures can cause wear and
deformation. When they become unusable, they have to be replaced with new ones, generating an
additional cost [2-4].

Advances in printing technologies show that additive manufacturing is becoming effective for
use in dentistry [3,4]. Additive manufacturing has been used routinely in the making of surgical
guides, bringing greater safety and reducing the margin of trans- and post-operative errors, making
mockups, provisional prostheses, aligners, obtaining models, among others, reducing steps and
consequently generating less waste, reducing working time and improving planning [1]. This method
uses scanning to obtain information from the oral cavity for better accuracy of detail, allowing the
acquisition of a 3D model [5-8]. Its main advantage is that it produces a digital and printed model
with high accuracy [6-11].

Given the need for faster rehabilitative treatment, technology has grown to meet the needs of
both the professional and the patient, offering more agile and efficient treatment planning [12]. In
addition to reducing the number of appointments, it provides electronic archiving, a low rate of
distortion and better accuracy and adaptation [13,14]. The 3D printing method provides a way of
manufacturing overlapping layers of the material used [15,16]. These layers can be printed in
different directions, being thin and polymerized by a light beam at the end of each process [16]. The
printing orientation of the layers has a direct influence on the strength of the material being made [9].

Due to these conditions, it is important to study and research the use of the 3D printing method
for the production of prostheses by dental surgeons, in order to reduce working time in the
manufacture of the work and ensure rapid rehabilitation for the patient. Ensuring that the use of the
3D printing method guarantees success in the longevity, quality and precision of prostheses when
compared to other methods.

This raises the question of whether the use of printed resins available on the market maintains
their best physical-chemical-mechanical characteristics for definitive restorative treatment, using
different printing orientations. This research aims to verify the influence of the impression angle on
the behavior of printed composite resin-based materials. Numerous materials are being developed
and modified by the dental industry, and resins for printing are being used in everyday clinical and
laboratory practice, although there is still no scientific backing reported in the literature, which is
why this research is necessary.

2. Materials and Methods

For this study, 1 composite resin and 1 liquid resin were selected for printing. The standard
shade for the study was A2, based on the VITA Classical scale (Wilcos, Rio de Janeiro, Brazil).
Considering the resins with standard A2 shades, the classification is described in Table 1.

Table 1. Resins used.

Groups  Material Print angle
Control ~ ATOS COMPOSITE RESIN, Color A2 (SmartDent) N/A

Vo Vitality, Cor A2, SmartDent 0 degrees
V22,5 Vitality, Cor A2, SmartDent 22.5 degrees
V 45 Vitality, Cor A2, SmartDent 45 degrees
V 67,5 Vitality, Cor A2, SmartDent 67.5 degrees
Vo0 Vitality, Cor A2, SmartDent 90 degrees

For the sample calculation, a pilot study was carried out with specimens for the flexural strength
test, according to the specifications of the International Standards Organization (ISO) 10477:2020.

The 3D model of the specimen was created using Meshmixer software (Autodesk). The specimen
was designed in bar format with a width of 2 millimeters (mm), a length of 25 mm and a thickness of
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2 mm in accordance with the specifications of ISO 10477:2020. The design was exported in Standard
Tessellation Language (STL) format and the tray-forming software used (Halot box - Resin Slicer) to
allow different positions of the models was loaded into the 3D printer software (Halot Box, V3.5.1,
Creality Co., Shenzhen, China) for printing.

After selecting the material, the resin was stirred according to the manufacturer's instructions
before each printing process and immediately poured into the printer tank to make 100 specimens
that were printed on a 405 nm wavelength LCD printer (Halot One Cl 60, Creality Co., Shenzhen,
China) (Figure 1A), subdivided into groups (N=20) according to the angulation VO, V22.5, V45, V67.5
and V90.

Twenty specimens were printed in five different printing orientations (0°, 22.5°% 45° 67.5° and
90) for each group, as shown in Figure 1B. At the end of printing, the objects were submerged in
isopropyl alcohol in a container and subjected to a 3D printing washing machine (UW-02, Creality
Co., Shenzhen, China) for 4 minutes (min) in motion to remove residues of unreacted monomers from
the surface of the specimens. The objects were then air-dried. The next stage involved post-curing in
a UV light chamber (UW-02, Creality Co., Shenzhen, China) (Figure 2) for 15 min at room
temperature.

m‘v

-
00 0 0 0 0 0,

Figure 2. Specimens submitted to the 15-minute curing process.

After curing, when the specimens were removed from the support, in some groups the
specimens broke (green PO (n=19), blue P22.5 (n=18), brown P45 (n=19), black P67.5 (n=18) and yellow
P90 (n=20)) (Figure 3). The specimens were sanded using a Praxis sanding disk (TDV Septodont,
Pomerode, SC, Brazil) with coarse, medium, fine and x-fine grits. Polishing was carried out using an
electric motor (Electric Motor LB 100, Beltec, SP, Brazil) associated with abrasive rubbers with coarse,
medium and fine grits (American Burrs, Palhoga, SC, Brazil) and a cloth and cotton brush (American
Burs, Palhoga, SC, Brazil). The bars were then subjected to visual analysis using a 2.5x binocular
magnifying glass (Ultralight optics, Westminster, USA). Bars with bubbles or imperfections were
discarded as an exclusion criterion. In order to standardize the roughness of all the faces, the same
finish was applied to all the specimens for the tests.
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Figure 3. Specimens separated into their groups.

Next, some printed specimens were used to make a total of 30 bars measuring 2 x 2 x 25 mm in
composite resin (Atos, SmartDent, Sao Paulo, Brazil) (Figure 4B). These composite resin samples were
made to the same standards as those in 3D printing resin. To do this, moulds were made with
addition silicone (Silagum, DMG, Hamburg, Germany) (Figure 4A), the material was included in the
depressions obtained, pressed with a thin glass plate to maintain the dimensions and the specimens
were light-cured using the light-curing machine (Emitter A Fit, Schuster, Santa Maria, Brazil) (Figure
5), which were made from samples printed specifically for this purpose.

Figure 4A. Silicone matrix for bodies. Figure 4B. Composite resin included in the matrix.

Figure 5. Made composite resin bars fixed in the silicone matrix and being light-cured.

All the specimens were subjected to a 3-point bending test on a mechanical testing machine
connected to a computer (EZ-LX 5kN). The distance between the lower supports was 20mm and the
test speed was Imm/min. The dimensions of the specimens were determined individually.

RF is the flexural strength in MPa; MF is the modulus of elasticity in MPa; F is the maximum
force applied in Newtons (N); | is the distance between the lower supports; b is the width and h is the
height of the specimen (in mm); m is the slope of the most linear portion of the force/displacement
curve.
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3. Results

The results obtained by the testing machine were tabulated and stored in the Excel program
(Microsoft, Washington, USA). Statistical analysis was carried out using the one-way ANOVA test
and a=5% was applied for each variable tested. The Jamovi software (The jamoviproject 2022)
[Computer Software] was used for the analysis.

The distribution of the results was checked using the Shapiro-Wilk test and the Levene test. The
groups were then compared using Tukey's test. The analyses were carried out at a 5% significance
level.

In terms of flexural strength, there was no statistically significant difference (p<0.05) between
the impression angles, but the impression at V0° showed lower strength. The composite resin used
in the control group showed a higher RF when compared to the printed resins, as shown in Table 2.

Table 2. Data obtained from the mechanical test of the strength and modulus of elasticity values (mean, +

standard deviation) of the groups tested.

GROUPS FLEXURAL STRENGTH (MPa) MODULUS OF ELASTICITY (MPa)
Control 123,2+21,08 45,0+8,93 8
Ve 853+12,14 18,1+2,04 4
V22,5° 96,8 +13,0~ 22,0+2,03 4
V45° 974 +13,14 21,0+3,50 A
V67,5° 95,7+10,8 2 22,6 £2,32 A
Voo° 94,0+19,0~ 25,5+3,23 4

In the rows, different letters show a statistically significant difference.

There was no statistically significant difference (p<0.05) in the flexural modulus between the
printed resin groups, but the composite resin showed a higher MF when compared to the printed
groups, as shown in Table 2.

4. Discussion

As there are various possibilities for purchasing resins, their properties can be altered depending
on the orientation and/or inclination at the time of printing. This study was carried out in order to
clarify whether there is a difference between the orientation of the impression and the inclination
used on the fracture resistance and elastic modulus of the material. Clinical failures of impression
resin restorations can be observed in the appearance of cracks that propagate during tensile stresses
caused by chewing or by the incorporation of bubbles in the impression of the restoration. Observing
the results of this study, the hypothesis was rejected, since, in view of the results presented, the
impression resins showed no statistical differences when comparing impression orientation.

Printing orientation in additive manufacturing processes, especially in the 3D printing of resin
composites, plays an important role in the mechanical properties and final performance of the parts.
In the study by Ryu et al. they point out that the arrangement of the layers and the orientation of the
filaments can directly influence aspects such as tensile strength, compression and fatigue. For
example, a print orientation aligned with the loading axis tends to improve the mechanical strength
of the part, since the forces are distributed more evenly along the layers of material [17]. The study
by Espinar et al. shows that the printing orientation influences the adhesion between the layers,
affecting the internal cohesion of the material. When the layers are arranged at different angles to the
external loading, the interfaces between the layers become more susceptible to failure, which can
reduce the strength of the printed part [18]. In resin materials, where the matrix interacts with
reinforcements such as short fibers or particles, this adhesion between layers is a determining factor
in performance. Mudhaffer et al. suggest that printing orientations at 45° or 90° to the main stress
axis can result in parts with lower strength due to less integration between the layers [19]. This could
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not be observed in this study as the different inclinations showed results with no statistical difference.
This could be explained by the size of the specimen tested, despite being made to the ISO standard,
which did not really express the influence of the arrangement of these layers.

Another relevant aspect is the impact of the printing orientation on the anisotropy of the parts.
Due to the layer-by-layer deposition process, 3D printed parts tend to have different mechanical
properties along different axes, which is known as anisotropy. Choosing an inappropriate printing
orientation could amplify this characteristic, jeopardizing the reliability of parts in structural
applications. In resin composites, this anisotropy can be even more pronounced, depending on the
distribution of the particles or fibers within the matrix [18]. In addition to mechanical properties,
printing orientation can also influence the resistance to deformation and creep of resin composites.
Beddel indicated that impression orientations parallel to the direction of load application provide
greater flexural strength and better elastic recovery compared to perpendicular orientations. This is
because the distribution of internal stresses along the layers is more balanced, and the bonds between
the layers are stronger when the impression orientation is carefully chosen [20]. However, the large
amount of filler present in the resin studied compared to many printed resins studied significantly
improved the strength results regardless of the anisotropic property.

A factor of great importance for this study, optimizing the printing orientation for resin
composites involves a balance between the desired mechanical properties and the efficiency of the
process. Although optimized orientations can significantly increase part strength, they can also
increase printing time and material consumption. Thus, studies into the relationship between
orientation and mechanical performance provide valuable insights into the manufacture of more
robust and efficient components, but require the consideration of multiple factors, such as the type
of resin, the reinforcement used and the operating conditions [7]. The results of the present study
showed that flexural strength and flexural modulus were statistically similar regardless of printing
inclination, which can significantly optimize printing time.

These results have significant implications for the choice of materials and printing techniques in
contexts requiring high strength and stiffness. Although printing at different angles showed no
notable effects on the mechanical properties of the printed resins, comparison with the control group
suggests that printing technology is evolving rapidly with very significant results in relation to
flexural strength and flexural modulus closer to dentin when compared to conventional composite
resins.

Given the limitations of this laboratory study, the results of the impression resin used in this
work showed the same resistance values regardless of the impression orientation used. Despite this,
it is questionable whether the way in which the impressions were made may have contributed to
these results. Finally, there are alternatives to meet these needs, such as the size of the samples or the
use of different brands of resin and/or printers, so further research is needed, as these factors may be
fundamental to the strength results.

5. Conclusions

3D printing resins have the mechanical properties required for dental use, with results similar
to those of composite resin. This study found that the printing orientation did not show statistically
significant differences in the flexural strength and flexural modulus of the 3D printed resins
evaluated. However, the resin of choice did not perform significantly better than composite resins,
especially when analyzing flexural modulus.

Despite the growing adoption of the 3D printing manufacturing method, the resin used in this
study showed negligible performance. Due to the differences in the literature, further studies should
be carried out.
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