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Abstract: Aim: Additional dry heat curing is a method that favorably influences the mechanical
properties of an indirect resin composite restoration. Microflexural strength is a property currently
applied for the evaluation of indirect resin composite restorations. The aim of the present study was
to assess the effect of additional dry heat curing on microflexural strength in three types of direct-
use resin composites. Materials and Methods: This in vitro study consisted of 70 resin composites
samples made with a 6 × 2 × 1 mm metal matrix and divided into seven experimental groups,
which included Gr1a: Tetric N-Ceram without additional dry heat curing (n = 10); Gr1b: Tetric
N-Ceram with additional dry heat curing (n = 10); Gr 2a: Filtek Z350 XT without additional dry
heat curing (n = 10); Gr2b: Filtek Z350 XT with additional dry heat curing (n = 10); Gr3a: Filtek
Z250 without additional dry heat curing (n = 10); Gr3b: Filtek Z250 with additional dry heat curing
(n = 10); and Gr4: SR Nexco Paste (control) without additional dry heat curing (n = 10). The samples
were stored in distilled water at 37 ◦C for 24 h. A universal testing machine with a 2000 N load
cell at a speed of 1 mm/min was used to assess flexural strength. The data were analyzed with a
parametric ANOVA test with Tukey’s post hoc intergroup factor (for groups without heat treatment)
and a nonparametric Kruskall Wallis test with Bonferroni’s post hoc (for groups with heat treatment).
In addition, the comparison of independent groups in each resin composite type with and without
heat treatment was performed with a Mann Whitney U test. A significance level of p < 0.05 was
considered. Results: The Filtek Z250 resin composite with and without additional dry heat curing
presented the highest microflexural strength values with 137.27 ± 24.43 MPa and 121.32 ± 9.74 MPa,
respectively, while the SR Nexco Paste (control) resin composite presented the lowest microflexural
strength values with 86.06 ± 14.34 MPa compared to all the resin composites with additional dry
heat curing. The Filtek Z250 and Filtek Z350XT resin composites with and without additional dry
heat curing presented significantly higher microflexural strength versus the SR Nexco (p < 0.05)
and Tetric N-Ceram (p < 0.05) resin composites. In addition, the Filtek Z350XT and Tetric N-Ceram
resin composites with additional dry heat curing showed significantly higher microflexural strength
(p < 0.05) compared to those without additional dry heat curing. Conclusions: The Filtek Z250 and
Z350XT resin composites had significantly higher microflexural strength values with and without
additional dry heat curing. In addition, the Filtek Z350XT and Tetric N-Ceram resin composites
subjected to additional dry heat curing showed significantly higher microflexural strength compared
to when they did not receive the same procedure, a situation that did not occur with the Filtek Z250
resin composite.

Crystals 2022, 12, 1045. https://doi.org/10.3390/cryst12081045 https://www.mdpi.com/journal/crystals

https://doi.org/10.3390/cryst12081045
https://doi.org/10.3390/cryst12081045
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/crystals
https://www.mdpi.com
https://orcid.org/0000-0001-6090-6750
https://orcid.org/0000-0002-5560-7841
https://doi.org/10.3390/cryst12081045
https://www.mdpi.com/journal/crystals
https://www.mdpi.com/article/10.3390/cryst12081045?type=check_update&version=2


Crystals 2022, 12, 1045 2 of 13

Keywords: resin composite; microflexural strength; dentistry; complementary polymerization; me-
chanical properties; heat treatment

1. Introduction

Resin composites, introduced by Bowen in the 1960s [1–3], are the most commonly
used material for direct restorations with esthetic compromise. In clinical situations with
considerable loss of tooth structure due to caries, wall and/or cusp fracture, or occlusal
surface wear, direct resin composite restorations are overdemanding and challenging [4–6].
To solve these situations, indirect restorative techniques are used to achieve better inter-
proximal contacts, less polymerization shrinkage, and a better marginal seal due to the
polymerization process [7], since they are made outside the oral cavity in the dental clinic
by professionals or can also be worked on in a dental laboratory [4,6,7].

Indirect inlays restorations based on a resin composite have gained importance due
to the simplicity of their preparation, their good mechanical properties against wear and
fracture, their favorable finishing and polishing capabilities [8], and their evolution in using
new additives in their components, such as zirconia (ZrO2) and silica nanoparticles that
enhance the behavior and longevity of restorations [4,5,9,10].

In order to enhance the resin composite properties as an indirect material and to
counteract some problems (polymerization shrinkage, complete or partial fracture of
restoration margins, and color changes), this material presents new techniques that are
proposed after light curing [10–13]. Monteza [4], Grazioli [14], and other authors [15–17]
have proposed subjecting resin composites to complementary heat curing processes; thus,
this increases their conversion degree and generates greater rigidity and resistance to color
changes and fractures [18,19].

Different methods of extraoral additional activation, including activation by dry heat
and autoclaving, were proposed to improve physical and mechanical properties, and enable
the use of direct-use composite resins in indirect restorations [14–19]. For Grazioli [14],
Lepequeur [20], and Leao [21], dry heat is a technique that provides excellent results on
microflexural strength of a resin composite for indirect use. Microflexural strength is under-
stood as the mechanical property that allows determining the flexural deformation degree
that a material can have, being of consideration in indirect resin composite restorations,
since this property confers resistance to different occlusal loads [4,22–27].

Therefore, the aim of the present study was to assess the effect of additional dry heat
curing on microflexural strength in three types of direct-use resin composites.

2. Materials and Methods
2.1. Type of Study and Delimitation

This in vitro, randomized, controlled, experimental study was conducted at the Faculty
of Dentistry of Universidad Nacional Federico Villarreal and in the High Technology
Laboratory Certificate (ISO/IEC Standard: 17025), Lima, Peru, from August to October
2021, with approval letter No.001-2021-COVID-19-FO-UNFV. The present study considered
the CRIS Guidelines (Checklist for Reporting In-vitro Studies) [28].

2.2. Sample Calculation and Selection

A total sample of 70 resin composites blocks was prepared and standardized. The
sample size per group was 10 resin composite blocks (n = 10) and was calculated based
on a one-way analysis of variance in G*Power statistical software version 3.1.9.7; this was
made possible by data obtained in a previous pilot study with 7 groups and 5 sample units
per group, considering a significance level (α) = 0.05, a statistical power (1-β) = 0.80, and
an effect size of 0.48. Finally, the 70 sample units were equally distributed in a simple
randomized manner without replacement in seven groups according to treatment and
control (Figure 1).
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2.3. Variables

The variables included in the present study were dry heat treatment, resin composites,
and microflexural strength.

2.4. Sample Characteristics and Preparation

Samples of the Filtek Z350XT (3M ESPE, Maplewood, MN, USA) and Tetric N-Ceram
(Ivoclar Vivadent, Schaan, Liechtenstein) direct-use nanohybrid composite resins, as well
as samples of the Filtek Z250 (3M ESPE, Maplewood, MN, USA) direct-use microhybrid
composite resins, were used for the present study. Samples of the SR Nexco ceromer
(Ivoclar Vivadent, Schaan, Liechtenstein) were used as controls (Table 1). All the samples
used were of A2 color. These were prepared with standardized molds that were 6 mm
long, 1 mm deep, and 2 mm wide [24,25,27]. The resin composite was applied inside
the standardized mold (on a glass microscope slide) with a Teflon spatula. When filling
was completed, it was covered with a polyester strip and light pressure was applied with
another glass microscope slide to obtain a smooth surface and remove excess. The resin
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composite was then light cured at two points equidistant from the center and ends with
a 3rd generation light emitting diode (LED) light-curing lamp (Valo—Ultradent, South
Jordan, UT, USA) in contact with the polyester strip (0.05 mm thick) at a distance of 2 mm
between the tip of the light guide and the surface of the resin composite at an angle of
90◦ for 20 s, and at a light intensity of 1000 mW/cm2. The samples were measured with
a digital Vernier (Mitutoyo, Kawasaki, Kanagawa, Japan) and then distributed for each
type of resin composite in two groups, applying only to one group the additional dry heat
curing in an oven at 170 ◦C for 5 min. The control group with the SR Nexco paste did not
receive dry heat as an additional technique.

Table 1. Description of the resin composites used in this study.

Resin
Composite Descriptions Compositions Photoinitiator System Manufacturer

Filtek Z250
Microhybrid,

methacrylate-based
resin composite

Matrix: bisphenol A glycol
dimethacrylate (Bis-GMA), bisphenol

A ethoxylated, methacrylate
(Bis-EMA), urethane dimethacrylate

(UDMA), triethylene glycol
dimethacrylate (TEGDMA), and

polyethylene glycol dimethacrylate
(PEGDMA).

Fillers: 1. Surface-modified
zirconia/silica with a particle size of

0.1–10 microns (median
approximately 3 microns or less). 2.

Nonagglomerated/non-aggregated 20
nanometer surface-modified silica

particles. The filler loading is 81.8% by
weight (67.8% by volume).

CQ (camphorquinone)
3M ESPE Dental
Products, St Paul,

MN, USA

Filtek Z350 XT
Nanohybrid,

methacrylate-based
resin composite

Matrix: Bis-GMA, UDMA, Bis-EMA,
PEGDMA, and TEGDMA

resins.
Fillers: a combination of

non-agglomerated/non-aggregated 20
nm

silica filler,
non-agglomerated/non-aggregated 4

to 11 nm zirconia
filler, and aggregated zirconia/silica

cluster filler (comprised of 20 nm
silica and 4 to 11 nm zirconia particles).

The inorganic filler loading is
about 72.5–87.5 wt%.

CQ (camphorquinone)
3M ESPE Dental
Products, St Paul,

MN, USA

Tetric N-Ceram
Nanohybrid,

methacrylate-based
resin composite

Matrix: Bis-GMA, UDMA, Bis-EMA,
PEGDMA, and TEGDMA

resins.
Fillers: a combination of

non-agglomerated/non-aggregated
20 nm

silica filler,
non-agglomerated/non-aggregated 4

to 11 nm zirconia
filler, and aggregated zirconia/silica

cluster filler (comprised of 20 nm
silica and 4 to 11 nm zirconia particles).

The inorganic filler loading is
about 56 wt%

CQ (camphorquinone
and TPO)

diphenyl (2,4,6-
trimethylbenzoyl)
phosphine oxide

Ivoclar-Vivadent,
AG, 9494 Schaan/

Liechtenstein
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Table 1. Cont.

Resin
Composite Descriptions Compositions Photoinitiator System Manufacturer

SR Nexco paste Nanohybrid

Matrix: UDMA,
Aliphatic Dimethacrylate

(16.9%wt)
Fillers: silicon dioxide (19.8%wt)

prepolymer and co-polymer, which
consists of pre-polymerised ground

up UDMA matrix and inorganic
microfiller particles (62.9%wt.)

CQ (camphorquinone)
Ivoclar Vivadent,

Schaan,
Liechtenstein

The indirectly applied SR Nexco laboratory composite resin was light-cured for 20 s,
then received its conventional additional treatment in the Lumamat 100 chamber (Ivoclar
Vivadent, Schaan, Liechtenstein) for 25 min [15].

Subsequently, all the samples were stored for 24 h in open glass containers with
distilled water at 37 ◦C.

2.5. Microflexural Strength Test

After the storage time, the 70 samples were subjected to microflexural strength evalu-
ation using the three-point method on a universal testing machine (CMT-5L, 7419 series,
Liangong Group, Liaocheng, Shandong, China) [27], with a cell load of 2000 N at a speed
of 1 mm/min and a distance of 4 mm between supports (Figure 2). Once the data in
Kg/N (maximum load applied to the samples) was obtained, a formula was applied to
determine the microflexural strength of the resin composites blocks in Megapascals (MPa).
The formula for calculating the microflexural strength was:

σu =
3Fl

2bh2

where:
σu= microflexural strength (MPa)
l = distance between supports (mm)
F = maximum load (N)
b = width of the specimen (mm)
h = height of the specimen (mm)

2.6. Statistical Analysis

The data were entered into a Microsoft Excel 2019® spreadsheet and imported by
SPSS (Statistical Package for the Social Sciences Inc. IBM, New York, NY, USA) version
24.0. For descriptive analysis, measures of central tendency and dispersion such as mean
and standard deviation were used. To test the hypothesis, statistical assumptions of the
variable of interest were previously verified by the Shapiro Wilk normality test, Levene’s
homoscedasticity test, and the randomization test by Wald-Wolfowitz. Depending on
the fulfillment of assumptions, the decision was taken to apply the parametric ANOVA
test with an intergroup factor and Tukey’s post hoc (for groups without heat treatment)
and the nonparametric Kruskall Wallis test with Bonferroni’s post hoc (for groups with
heat treatment). In addition, for the comparison of independent groups in each type of
composite resin with and without heat treatment, the Mann Whitney U test was used. A
significance level of p < 0.05 was considered for all comparisons.
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of the resin composite block were as follows: 6 mm long, 1 mm deep, and 2 mm wide.

3. Results

When comparing the microflexural strength values between the Filtek Z350, Tetric
N-Ceram, and Filtek Z250 resin composites without additional dry heat curing, significant
differences can be observed between the groups (p < 0.001), including the control group.
In addition, it could be seen that the average obtained in all the resin composites of direct
use was higher than the control group; the Filtek Z250 obtained the highest values of
microflexural strength (Table 2).

Table 2. Comparison of microflexural strength without additional dry heat curing, according to the
type of resin composite.

95% CIType of Resin
Composite n Mean SD SE LL UL Mín Máx p-Value c p-Value b p-Value a

Tetric
N-Ceram 10 88.17 6.06 1.92 83.83 92.51 80.22 100.97 0.549

0.062 <0.001 *Filtek Z250 10 121.32 9.74 3.08 114.35 128.29 104.96 136.22 0.972
Filtek Z350 XT 10 111.62 12.45 3.94 102.71 120.52 92.39 135.93 0.924

SR Nexco
Paste (control) 10 86.06 14.34 4.54 75.80 96.32 68.41 109.19 0.339

n: sample; SD: standard deviation; SE: standard error; 95% CI: 95% confidence interval; LL: lower limit; UL:
upper limit; Min: minimum value; Max: maximum value; a: one-factor inter-subject ANOVA test (* p < 0.05:
significant differences); b: Test de Levene (p > 0.05, homogeneous variances); and c: Test de Shapiro Wilk (p > 0.05,
normal distribution).
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When multiple comparisons were made between the resin composite groups and
the control group, both without additional dry heat curing, significant differences were
observed between the Tetric N-Ceram with the Filtek Z250 (p < 0.001) and the Filtek Z350
XT (p < 0.001). In the same way, significant differences could be observed between the
control group with the Filtek Z250 (p < 0.001) and the Filtek Z350 XT (p < 0.001). There
were no significant differences between the Tetric N-Ceram and the control group (Table 3).

Table 3. Multiple comparisons between the resin composite types without additional dry heat curing,
according to Tukey’s post hoc test.

Tukey’s Test Filtek Z250 Filtek Z350 XT SR Nexco Paste (Control)
Tetric N-Ceram <0.001 * <0.001 * 0.974

Filtek Z250 - 0.223 <0.001 *
Filtek Z350 XT 0.223 - <0.001 *

* p < 0.05: significant differences.

Figure 3 shows that the Filtek Z250 and Filtek Z350 XT resin composites had signif-
icantly higher microflexural strength than the Tetric N-Ceram resin composite and the
control group.
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(MFS) between the resin composite types without additional dry heat curing.

When comparing the microflexural strength values presented by the Filtek Z350, Tetric
N-Ceram, and Filtek Z250 resin composites, all with additional dry heat curing, significant
differences were observed between the groups (p < 0.001), including the control group.
In addition, it could be seen that the average obtained by all direct-use resin composites
was higher than the control group, with the Filtek Z250 obtaining the highest values of
microflexural strength (p < 0.001) (Table 4).
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Table 4. Comparison of microflexural strength with additional dry heat curing, according to the type
of resin composite.

Type of Resin
Composite n Median IQR Mean SD Min Max p-Value c p-Value b p-Value a

Tetric N-Ceram 10 95.86 10.94 95.06 6.78 80.78 101.75 0.188

0.006 <0.001 *
Filtek Z250 10 143.36 39.77 137.27 24.43 103.18 181.73 0.604

Filtek Z350 XT 10 136.55 13.34 134.85 13.99 104.33 152.81 0.293
SR Nexco Paste

(control) 10 81.11 24.47 86.06 14.34 68.41 109.19 0.339

n: sample; IQR: interquartile range (P75–P25); SD: standard deviation; SE: standard error; 95% CI: 95% confidence
interval; LL: lower limit; UL: upper limit; Min: minimum value; Max: maximum value; a: Kruskal-Wallis H-test
(* p < 0.05: significant differences); b: Levene’s test (p > 0.05, homogeneous variances); and c: Shapiro Wilk test
(p > 0.05, normal distribution).

When multiple comparisons were made between the groups of direct resin composites
with additional dry heat curing and the control group, significant differences were observed
between the Tetric N-Ceram with the Filtek Z250 (p = 0.003) and the Filtek Z350 XT
(p = 0.006). Similarly, significant differences could be observed between the control group
with the Filtek Z250 (p < 0.001) and the Filtek Z350 XT (p < 0.001) resin composite. In
addition, the Tetric N-Ceram resin composite did not show significant differences with the
control group (Table 5).

Table 5. Multiple comparisons between the types of additional dry heat curing resin composites,
according to the post hoc test with Bonferroni correction.

Post Hoc Test Filtek Z250 Filtek Z350 XT SR Nexco Paste (Control)
Tetric N-Ceram 0.003 * 0.006 * 1.000

Filtek Z250 - 1.000 <0.001 *
Filtek Z350 XT 1.000 - <0.001 *

* p < 0.05: significant differences.

When performing individual analysis between the resin composite groups, without
and with additional dry heat curing, it was observed that the nanohybrid resin composites
Tetric N-Ceram and Filtek Z350XT presented significant differences in their microflexural
strength (p = 0.023 and p = 0.004, respectively) (Table 6).

Table 6. Comparison of microflexural strength, with and without additional dry heat curing, accord-
ing to the type of resin composite.

Type of Resin Composite Heat Treatment n Median IQR Z U p-Value a

Tetric N-Ceram
Without 10 86.59 8.22 −2.269 20.00 0.023 *With 10 95.86 10.94

Filtek Z250
Without 10 120.84 14.85 −1.361 32.00 0.174With 10 143.36 39.77

Filtek Z350 XT
Without 10 111.00 15.45 −2.873 12.00 0.004 *With 10 136.55 13.34

n: sample; IQR: interquartile range; Z: approximation to normal distribution; and U: Mann Whitney U test
(* p < 0.05: significant differences). Note: the control group was not compared since SR Nexco Paste is only used
with heat treatment.

4. Discussion

Several studies [4,29–32] have assessed the flexural strength of direct-use resin com-
posites following the guidelines of the International Organization for Standardization (ISO)
4049–2019 [23], which suggests a geometric dimension with a unit of analysis (resin bar)
that does not adjust to the clinical reality; thus, this may generate some controversy in
respect of results. Yap et al., concluded in their study that microflexural tests on resin
composites gave higher values than flexural tests regardless of the conditioning medium,
either air or artificial saliva. Therefore, the use of microflexural testing shows promise as a
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replacement for flexural testing in view of its significant correlation, clinical relevance, and
higher efficiency [26].

In the present study as well as in other studies, good results have been found when
evaluating microflexural strength using a smaller size resin composite block with dimen-
sions of 6 × 1 × 2 mm [24–26], being closer to the measurements of an inlay preparation.
These dimensions allow light curing at a single time, compared to the blocks used for
flexural strength testing (25 × 2 × 2 mm) recommended by ISO 4049–2019 [23], which need
to be light cured in multiple cycles; this results in certain areas receiving greater irradiation,
which can affect the uniformity of light curing and, thus, bias the results [23–26]. This
is in agreement with Askary et al., who reported that sample size and curing distance
significantly affect flexural strength values, as samples larger than the lamp tip require
multiple shots to light cure [33].

Microflexural strength can be changed not only by the type of test used but also
by other external and internal factors that affect the effectiveness of light curing [26].
External factors related to operator technique include light curing time, exposure to elevated
temperature after light curing, and characteristics of the light-curing unit, including the
distance between the tip of the light guide and the surface of the restoration [24,25]. Internal
factors affecting light-curing efficiency are related to resin properties and composition, such
as the monomer, photoinitiator system, concentration levels, filler type and size, as well as
the shade and pigments [25,26,33].

In their study, Al Zain et al., assessed the light-curing distance factor on the microflex-
ural strength of the Filtek Z250 and Tetric Evoceram resin composites, the latter having very
similar characteristics to the Tetric N-Ceram. It was concluded that light curing at distances
of 2 or 8 mm from the resin composite surface did not significantly affect microflexural
strength; thus, the 1 mm thick samples may have allowed light to reach the bottom of each
resin composite block, which resulted in favorable strength. Therefore, this could indirectly
indicate satisfactory light curing [34]. On the other hand, the distance at 0 mm is generally
not clinically achievable, since the distance between the lamp tip and the gingival floor of a
proximal box can reach up to 8 mm of distance; thus, the distance of 0 mm is not clinically
relevant [25]. Because of these findings, it was decided in the present study to light cure at
a distance of 2 mm.

It has been reported that the exposure of composite restoration to additional heat-
curing methods by dry or moist heat allows for increased microhardness efficiency, flexural
strength, fracture toughness, wear resistance, increased tensile strength, and increased
color stability in the restorative treatment [4,14,20,22]. Furthermore, additional heat curing
results in the increased conversion of monomers into stable polymer chains [24,25].

It should be pointed out that in the present study, additional dry heat curing at
170 ◦C for 5 min was used instead of the wet heat autoclave method, since according
to Monteza et al. [4] and Oskar et al. [35], water decreased the properties of the Filtek
Z350XT resin composite by up to 36.4%. This could be because when immersing the resin
composite in water to undergo the heat-curing process, its properties are affected by the
correlation of absorption and solubility that its organic matrix possesses [36]. Another
reason that reinforced the idea of using oven dry heat for additional heat curing was that
such equipment is usually present in dental offices and offers cost advantages compared to
processing indirect restorations [11,15]. In addition, exposure of a resin composite to dry
heat has been reported to have positive effects by increasing the internal temperature of
the material to above 100 ◦C, improving its physical and mechanical properties due to the
increased mobility of unreacted monomers in the polymeric network [15,16]. This leads to
a higher degree of matrix conversion (from 80 to 85%) [17] and a higher crosslink density
of the network, including some degree of relaxation of the polymerization stress; this is
because some of the unreacted monomers volatilize during the heating process, favoring a
higher stability and toughness of the resin composite [14,17].

When comparing the resin composite groups, it was observed that the microhybrid
Z250 and the nanohybrid Filtek Z350XT significantly increased their microflexural strength
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values when additional dry heat curing was applied; this is in agreement with the results
obtained by Grazioli et al., Almeida et al., and Ferreira et al. [14,15,18]. The presence of
zirconia and silica particles found in the content of such resin composites make it possible
to improve their mechanical properties [25]. The effect of additional thermal activation on
microflexural strength depends mainly on the composition, since the Bis-GMA (bisphenol
glycidyl methacrylate) present in Filtek Z250 and Filtek Z350 has a low degree of conversion
due to its high molecular weight, high viscosity, and low flexibility characteristics. However,
the addition of diluent monomers with higher flexibility, such as EGDMA (ethylene glycol
dimethylacrylate) or TEGDMA (triethylene glycol dimethacrylate), improves the mobility
of Bis-GMA and its polymerization conversion rate [17]. Another alternative to Bis-GMA is
the monomer UDMA (urethane dimethacrylate) included in Filtek Z250 and Filtek Z350XT,
which has a similar molecular weight, but a lower viscosity than Bis-GMA [15–17]. The
choice of these resin composites Z250 and Z350 XT is based on the fact that they are very
frequently selected refractory restorative materials in scientific article methodologies. Their
particle size and distribution, the type of filler particles, and the shape and silanization of
the matrix in their composition make it possible to obtain optimum results of microhardness
or other mechanical properties [14–16].

In addition, the present study used SR Nexco as a control group because it is a
laboratory resin composite widely used in inlays and onlays; it is necessary to know
if it presents a lower or higher microflexural strength and, thus, confirm whether the
resin composites of indirect laboratory processing are the gold standard or the first choice
because of their good clinical performance [36–39]. It is also known that the SR Nexco paste
has a lower degree of conversion due to the presence of a tetraacrylate monomer in the
material formulation [40]. Acrylates are known for their high reactivity and the presence
of many functional groups, which can lead to vitrification of the polymer and the onset
of self-deceleration of polymerization; this could explain the low microflexural strength
observed, compared to direct-use resin composites [15,40,41].

Third-generation LED lamps are light-curing devices with light intensity that can
vary from 800 to 1500 mW/cm2 with a wavelength range from 395 to 515 nm [42,43]. The
difference in intensity and wavelength can be key to achieving optimal polymerization
as the complete activation of photoinitiators in the deepest part of a restoration depends
on it [43]. In the present study, the resin composites were photopolymerized with a
third generation Valo® LED lamp (average light intensity: 1000 mW/cm2; wavelength:
395 to 480 nm) for 20 s at a distance of 2 mm [44]; this is so because it has been reported
that this type of lamp allows the activation of photoinitiators such as camphorquinone
(CQ) contained in Filtek Z250 and Filtek Z350 XT, and Lucirin TPO (monoacylphosphine
oxide) included in Tetric N-Ceram [24,45,46]. Al-Zain and Marghalani [24,25], attributed as
influencing factors to the photoinitiator system, argued that CQ is activated with exposure
to longer blue light wavelengths, and TPO is highly reactive with high absorption and
is activated with exposure to shorter violet light wavelengths. When TPO is activated,
free radical growth centers are generated and form a polymer network at a faster rate
compared to CQ. However, due to the high reactivity of TPO, more free radicals may occur
within the polymer network compared to CQ, which affects the quality of curing. This may
explain the significant differences in microflexural strength between the Filtek Z250 and
Z350XT resin composites versus the Tetric N-Ceram. Another factor to consider regarding
Tetric N-Ceram would be its filler type based on barium glass, ytterbium trifluoride,
and prepolymeric mixed oxides; as radiopaque agents and in high concentrations, they
decrease the microflexural strength [24]. Since the manufacturer has not yet disclosed the
concentration of its components, it can be assumed that the radiopaque agents are in high
concentrations; this could have partially contributed to the lower microflexural strength of
the Tetric N-Ceram versus the Filtek Z250 and Z350XT. The presence of zirconia and silica
particles may improve the mechanical properties of the material, which may explain the
significantly higher microflexural strength for the Filtek Z250 and Z350XT [24,25].
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The present study is important because it provides an alternative to increase the mi-
croflexural strength of nanohybrid resin composites through the use of dry heat, since these
resins significantly improved their microflexural strength when subjected to additional
dry heat curing. More studies are needed to compare other nanohybrid resin composites
with additional heat curing, taking into account other mechanical properties such as mi-
crohardness and surface roughness [6,47]. In addition, it would be advisable to perform
thermogravimetric analysis (TGA/DSC) of resin composites just before additional dry heat
curing at 170 ◦C; this should be conducted in order to verify if this additional procedure
changes the composite weight, optimizing its mechanical properties [48,49]. It is also rec-
ommended to assess the effects of additional heat treatments on different resin composites,
taking into account important parameters such as water absorption, moisture retention,
differential scanning calorimetry, and Young’s modulus.

Among the limitations of the present study, it is important to recognize that the data
obtained should be taken with caution, since an in vitro study cannot be extrapolated to the
clinical field. However, this lays the foundation for future randomized controlled clinical
trials to evaluate the mechanical properties of nanohybrid resin composites used in indirect
restorations after being subjected to additional dry heat curing.

5. Conclusions

In summary, with all the limitations of the present in vitro study, it can be concluded
that the Filtek Z250 and Z350XT resin composites exhibited significantly higher microflexu-
ral strength values than the Tetric N-Ceram resin composite, with and without additional
dry heat curing. In addition, the Filtek Z350XT and Tetric N-Ceram resin composites
subjected to additional dry heat curing showed significantly higher microflexural strength
compared to when they did not receive the same procedure, a situation that did not occur
with the Filtek Z250 resin composite.
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