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Abstract

Background: This study aimed to assess how the thickness of resin matrix ceramics (RMC)
impacted the microhardness of the underlying resin cement.

Methods: Three types of RMC were analyzed: polymer infiltrated ceramic, resin nano ceramic,
and nano ceramic. Every ceramic block had sections 0.5, 1, and 1.5 mm thick and 8 mm in
diameter. Nine groups, each containing 10 RMC discs (n=10), were produced by combining all
the parameters. Central-holed stainless steel that was 6 mm in diameter and 0.5 mm deep was
used for applying translucent light-cured luting resin. The resin cement underwent polymeriza-
tion in direct contact with the RMC. Under a 50 g load and a 15-second indentation duration,
Vickers measurements were taken from the underside of the resin cement specimens using 3
distinct indentation locations. The average of the 3 measurements for each specimen was uti-
lized to determine the Vickers hardness value. The data were analyzed using two-way ANOVA
and Tukey post hoc tests.

Results: In the case of resin cements with underlying thicknesses of 0.5 mm and 1 mm, the
groups GC Cerasmart and Vita Enamic demonstrated significantly higher average microhardness
in comparison to the Lava Ultimate group (P < .05). Compared to the GC Cerasmart and Vita
Enamic groups, the Lava Ultimate group's mean microhardness of the resin cements for a thick-
ness of 1.5 mm was significantly lower (P < .05).

Conclusion: Resin matrix ceramics thickness and type had a significant effect on microhardness
values in all kinds of RMC.
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INTRODUCTION

Composite and ceramic restorative materials have been utilized in aesthetic restorations
for a considerable duration, each material possessing a distinct set of pros and cons.'
With the advent of novel polymerization methods, new microstructures produced by
Computer Aided Design/Computer Aided Manufacturing (CAD/CAM) technology have
improved.? Resin matrix ceramics (RMC) are the result of bringing together the dura-
bility and color stability advantages of ceramics and the high flexural strength and low
abrasion properties of resin composites. These materials are called several names, such
as resin nanoceramics (RNC), hybrid ceramics, resin matrix ceramics, ceramic-based
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What is already known on
this topic?

e nsufficiencies in the polymer-
ization of resins lead to various
problems in dental applications.

® The thickness and type of the
restorative materials influence
the microhardness of the resin
cement.

What this study adds on this
topic?

e Although different studies have
investigated the effect of the
thickness and type of several
restorative materials on the
polymerization of the under-
lying resin cement, this study
focused on newly generated
resin matrix ceramics.
Considering the result of this
study, the polymer infiltrated
ceramic network exhibited the
highest Vickers microhardness
values across all thicknesses.
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interpenetrating phase composites, double network materi-
als, and polymer infiltrated ceramic network (PICN).34

Lava Ultimate (3M ESPE, Neuss, Germany) is named RNC
by the manufacturer. This dental material includes nano
ceramic particles in the resin matrix, accounting for 80% of
the weight. This high nano ceramic content is composed of
zirconia nanoparticles, discrete silica nanoparticles, and zir-
conia-silica nanoclusters.> GC Cerasmart (GC, Tokyo, Japan)
is called nano ceramic by the manufacturer and consists of
71% by weight filler particles. The filling particles contain
silica and barium, while the resin matrix includes bisphenol
A ethoxylate dimethacrylate (BisMEPP), urethane dimeth-
acrylate (UDMA) , and dimethacrylate (DMA) . The usage
of GC Cerasmart is recommended for crown, implant-sup-
ported crown, veneer, inlay, onlay restorations.® Vita Enamic
(Vita Zahnfabrik, Bad Sdckingen, Germany) was introduced
by the manufacturer as a PICN. As a result of microstructural
analysis, PICNs are reported that hybrid materials consisting
of interconnected networks.® This material has a double net-
work structure and include a polymer network and a feld-
spathic ceramic network. Thanks to this double network
structure, crack propagation in the material is stopped.?

The classification of composite resin luting cements is based
on polymerization types, with 3 categories identified: light-
cure, self-cure, and dual-cure.” Color changes occur possi-
bly as a result of the oxidation of reactive groups in amine
accelerators and inhibitors in chemically activated systems,
like self-cure and dual-cure resin cements. Because these
accelerators are present in significantly lower concentrations
in light-cure systems, light-curing systems exhibit supe-
rior color stability in comparison to dual-cure and self-cure
systems.8?

In the polymerization of composite resins, the conversion of
monomers to polymer is defined as the degree of polymer-
ization or degree of conversion. An ideal composite should
achieve an optimal degree of conversion with minimal
polymerization shrinkage.' Various methods are utilized to
evaluate resin polymerization, including Fourier Transform
Infrared Spectroscopy (FTIR), the scraping method, optical
microscopy, and microhardness tests. A diamond-shaped tip
applies force to the surface of sample for a specified duration

Table 1. Materials and Their Chemical Contents Used in the Study

Essent Dent 2025; 4: 1-7

in microhardness tests. Vickers microhardness test is often
preferred for measuring the hardness of dental materials and
dental tissue, as it can assess the hardness of various materi-
als, including high-hardness metals and delicate substances.”

Several elements influence the degree of polymerization in
resin cements, such as resin type, the proportion of filler par-
ticles, shape and size of filler particles, thickness and color of
resin or restoration, compatibility of restorative material with
adhesives, the application time of light source, light source
type, the distance between light source tip, light intensity,
and resin."

This study aimed to evaluate the effect of the thickness of
RMC materials on the polymerization of resin cements. The
null hypothesis of current study is that different RMC blocks
and the thickness of the material will not affect the micro-
hardness of the polymerized light-cure resin cement.

MATERIALS AND METHODS

This study examined the impact of 3 different RMC mate-
rials at varying thicknesses on the polymerization of light-
curing resin cement. Materials used and chemical contents
are shown in Table 1.

Since this research does not directly affect humans or animals,
ethics committee approval or informed consent statement is
not required. The study was carried out by the guiding prin-
ciples of the Declaration of Helsinki. Resin matrix ceramics
blocks with high translucency (HT) and A2 color (12 x 14 x 18
mm) were selected. Blocks in 8 mm diameter were produced
by milling RMC blocks in the milling unit (Yenamak D50,
Yenadent Ltd, Istanbul, Tlrkiye). A precision cutting device
(Mecatom T180; Presi SA, Angonnes, France) and a diamond
wheel saw (Diamond cut-off wheels type LM+ @ 100 mm,
Presi SA, Angonnes, France) were used to cut the RMC blocks
into circular slices with thicknesses of 0.5 mm, 1 mm, and
1.5 mm. The cutting was done at 290 rpm while being con-
tinuously cooled by water. A silicon carbide sandpaper (Atlas
Zimpara, istanbul, Turkiye) with grits of 600, 800, and 1200
was utilized to polish each specimen. This was subsequently
a 10-minute ultrasonic cleaning of the prepared specimens
in the ultrasonic bath (Skymen Heatable Ultrasonic Cleaner

Material Material Type Composition Manufacturer Shade
Vita Polimer Polymer-infiltrated-feldspathic-ceramic-network material (UDMA, Vita Zahnfabrik, HT 2M2
Enamic  infiltrated resin  TEGDMA) with 86 wt% ceramic (SiO,, Al,0, Na,0, K,0, and other oxides) Bad Séckingen,

ceramic Germany
GC Nano ceramic Composite resin material (Bis-MEPP, UDMA, DMA) with 71 wt% silica GC Dental Products HT 2M2
Cerasmart and barium glass nanoparticles Corp., Aichi, Japan
Lava Resin nano Composite resin material (Bis-GMA, UDMA, Bis-EMA, TEGDMA) with 80  3M ESPE, Neuss, HT 2M2
Ultimate  ceramic wt% silica and barium glass nanoparticles and zirconia/silica nanoclusters Germany
RelyX Resin cement ~ TEGDMA/BisGMA 3 M ESPE, St. Paul, Translucent
Veneer MN, USA

HT, high translucency; wt, weight.
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JP-4820, Shenzhen, China). For every RMC block (n=10), a
total of 90 circular samples (8 mm in diameter) in 3 distinct
thicknesses (0.5 mm, 1.0 mm, and 1.5 mm) were made. Each
specimen was carefully examined utilizing a digital microme-
ter (Mitutoyo Corporation, Kanagawa, Japan) to define that its
thicknesses of 0.5 mm, 1 mm, and 1.5 mm were consistent.

For the preparation of resin cement samples, stainless steel
mold was prepared in order to the thickness and diameter of
the resin cement were brought to a certain standard. A space
of 6 mm in diameter and 0.5 mm in height was prepared
in the interior of the stainless steel mold to place the resin
cement. In the upper part of this space, an 8 mm diameter
and 0.5 mm high space was prepared to place RMC samples
(Figure 1). In the study, the use of a light-cure resin cement
RelyX Veneer, (3M ESPE, St. Paul, MN, USA) was preferred.
Translucent resin cement is used to prevent the color of the
RMC materials from changing. The resin cement is placed in
the space prepared in the stainless steel mold without any air
bubbles (Figure 2).

Single Bond Universal Adhesive (3M-ESPE, St. Paul, USA)
was wiped onto the RMC surfaces that would be in con-
tact with the cement material using the applicator for
20 seconds. Afterward, the excessive bond was removed
by applying air for 5 seconds. Bonded RMC samples were
placed on the resin cement in the stainless steel mold.
Then, a 500 g force was applied over all samples for 20
seconds to standardize the pressure to be applied.' After
the force was removed, the light-emitting diode (LED) light
device (Venus VE-215I, Venus Foshan Medical Company,
Guangdong, China) was applied for 30 seconds by contact-
ing the upper surfaces of the RMC samples, and polymer-
ization of the resin cement was performed. The LED used
in the polymerization had a power density of 450 mW/cm?.
Prepared specimens were stored in light-proof and dry con-
tainers for 24 hours.

After polymerization, the Vickers microhardness device
(HVS-1000 Digital Display Microhardness Tester, China) was
utilized to measure the microhardness of the resin cement.

Figure 1. Schematic view of central-holed mold.
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Figure 2. Central-holed stainless steel mold, resin

cement, and resin matrix ceramics sample.

The test samples were placed in the microhardness device
with the resin cement on top. The Vickers microhardness
(VHN) device applied a 50 g load to each sample for 15 sec-
onds. A total of 270 measurements were made, 3 times from
each sample. The photographs of the measurements were
obtained with the microscope in the microhardness device
and then transferred to the computer through the program
connected to the microhardness device. As a result of the
measurements, Vickers microhardness values of the materi-
als were obtained.

By applying Shapiro-Wilk and Levene's tests, the distribu-
tion of the data was evaluated. Data were analyzed statis-
tically using two-way ANOVA and Tukey Honest Significant
Difference (HSD) test (IBM SPSS Statistics version 20 softwa-
relBM SPSS Corp.; Armonk, NY, USA ).

RESULTS

The VHN values of RelyX Veneer resin cement polymerized
using an LED light source under different RMC discs of differ-
ent thicknesses were compared using two-way ANOVA and
Tukey HSD tests. According to the two-way ANOVA test, the
material type (A) and the thickness (B) of the RMC samples
affect the polymerization of the light-curing resin cement (P
< .05). The interaction (A x B) of the thickness and material
type also seems to be efficient in cement polymerization.

The results of the Tukey multiple comparison test are shown
in Table 2. In GC Cerasmart and Vita Enamic groups, the
highest hardness values were observed in the resin cement
in the 0.5 mm RMC samples, and the lowest hardness val-
ues in the resin cement in the 1.5 mm RMC samples. VHN
value decreases statistically significantly as the sample thick-
ness increases in GC Cerasmart and Vita Enamic groups (P <
.05). In the Lava Ultimate group, the 0.5 mm sample group
had statistically significantly higher VHN values than the 1
mm and 1.5 mm sample groups (P < .05). There was no
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Table 2. Comparing Statistical Significance of the Effects of Material Type and Thickness on Polymerization of Resin Cement.

Thickness 0.5 mm 1 mm 1.5 mm

RMC Mean/SD Differences* Mean/SD Differences* Mean/SD Differences*
GC Cerasmart 25.10 (0.58) Cb 22.77 (0.94) Bb 19.02 (1.89) Aa
Lava Ultimate 19.92 (0.34) Ba 17.94 (0.78) Aa 17.86 (0.66) Aa

Vita Enamic 25.13 (0.65) Cb 23.56 (0.86) Bb 20.52 (1.34) Ab

RMC, resinmatrixceramics. *Different letters, lowercase in column, and uppercase in line indicate significant diffenences.

statistically significant difference between the groups with
thicknesses of T mm and 1.5 mm (P > .05).

Different RMC groups of the same thickness were also statis-
tically compared. In 0.5 mm thickness groups, GC Cerasmart
and Vita Enamic groups were found to have statistically sig-
nificantly higher VHN values than the Lava Ultimate group
(P < .05). No statistically significant difference was found
between the GC Cerasmart and Vita Enamic groups (P > .05).

VHN values of GC Cerasmart and Vita Enamic 1 mm thick-
ness groups were found to be statistically significantly higher
than the 1 mm Lava Ultimate group (P < .05). The differ-
ence between Vita Enamic and GC Cerasmart 1T mm thick-
ness groups is not statistically significant (P > .05). In 1.5
mm samples, Vita Enamic showed a statistically significantly
higher VHN value in comparison to GC Cerasmart and Lava
Ultimate (P < .05). Although GC Cerasmart showed higher
VHN value than Lava Ultimate, there was no statistically sig-
nificant difference between them (P > .05).

Vita Enamic has shown the highest VHN values in all thick-
nesses. Lava Ultimate has shown the lowest VHN values in
all thicknesses.

In all groups, increasing the thickness of the RMC affects the
polymerization of the resin cement and decreases the VHN
value. In all material groups, there is a statistically signifi-
cant difference between 0.5 mm thickness samples and 1.5
mm thickness samples (P < .05). When the thickness of the
RMC sample increases, polymerization of the resin cement
decreases. Figure 3 shows the average VHN values and SD
values of all sample groups.

DISCUSSION

The null hypothesis of the study that the material type and
thickness will not affect the microhardness of resin cement is
rejected based on the data obtained.

Along with recent advancements in CAD/CAM technol-
ogy, various dental materials with improved biocompatibil-
ity, mechanical properties, and aesthetic qualities have been
developed. Different companies have introduced RMC sys-
tems that combine the advantages of ceramics and compos-
ites, and these materials have begun to be utilized in clinics.
This study focused on the most preferred RMC materials: GC
Cerasmart, Vita Enamic, and Lava Ultimate.

All RMC materials examined in the current study are indi-
cated for use in laminate veneer restorations. In line with
this data, the choice of light-cure resin cement in this study
was to prevent amine discoloration and maintain color sta-
bility in the anterior region over an extended period in lami-
nate veneer restorations. Kilinc et al' investigated the color
stability of resin cements and their effects on the color of
restorations using both light-cure and dual-cure forms of
3 different resin cements (Nexus-2 / Kerr; Appeal / Ivoclar
Vivadent; Calibra / Dentsply). The study's results showed
that light-cure resin cements exhibited superior color sta-
bility across all 3 cement groups, while in the appeal resin
cement, the coloration was significantly higher.’ Hekimoglu
et al' examined a dual cure, a light cure, and a self cure
resin cement in their study and reported that the group with
the most significant color change was the self-cure cement

group.

Insufficiencies in the polymerization of resins lead to various
problems in dental applications. As a result of insufficient
polymerization, problems occur, such as increased cytotoxic-
ity of the material, decreased hardness, low modulus of elas-
ticity, fractures in restorations, discoloration, and secondary
caries on the edges of the restoration as a result of microle-
akage.™ A lot of factors affect the degree of polymerization
of resin cements, such as resin type, the proportion of filler
particles, shape and size of filler particles, thickness and color
of resin or restoration, compatibility of restorative material
with adhesives, the application time of light source, light
source type, light intensity, and the distance between light
source tip and resin."

One of the factors affecting polymerization is the light
intensity of the light device used. Light intensity (mW/cm?)
is described as the light power per unit area. In studies on
polymerization, light of sufficient wavelength (400-500 nm)
is reported to provide effective polymerization.'®'” An LED
light source with a light intensity of 450 mW/cm? was cho-
sen for the current study to ensure sufficient polymerization,
and the light source applied for 30 seconds in line with similar
studies and suggestions of the manufacturer. As the distance
between the tip of the light device and the resin material
decreases, the quality of the polymerization increases. Prati
et al’® reported that a 1 mm distance increase caused a 10%
decrease in light intensity. In this study, to obtain optimal
polymerization, the tip of the LED light device was brought
into contact with the RMC.
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Another factor affecting polymerization is the rate of filler in
resin cement. Albino et al' reported that the opacity of resin
materials and the increase in filler ratio decreased polymer-
ization, as it reduced the light transmittance. In the current
study, the usage of light-cured resin cement RelyX Veneer
was preferred. RelyX Veneer resin cement is a resin system
consisting of TEGDMA/BisGMA. This resin cement contains
0.2-3 pm zirconium/silica filler at a rate of 47% by volume.

The thickness of the restoration significantly impacts the
polymerization of the underlying cement. Oztlirk et al®
reported that both the thickness and shade of ceramics
affect the mechanical properties of light-cured resin cement;
specifically, lighter colors and thinner ceramics demonstrate
higher light transmittance. Watanabe et al?’ discovered that
increased ceramic thickness results in reduced hardness of
the resin cement, particularly for ceramics thicker than 2
mm. Turp et al??> examined the effects of zirconia thick-
ness on the polymerization of resin cements. Their findings

indicated that as zirconia thickness increases, both the
microhardness values and polymerization depth of the resin
cement decline. Celik and Goktepe? reported that as the
thickness of RMC materials increased, translucency param-
eter values decreased, and opalescence parameter values
increased. In this study, RMC materials with thicknesses
of 0.5 mm, 1T mm, and 1.5 mm were used to evaluate the
impact of ceramic thickness on resin cement polymerization
and to compare with previous research. Consistent with ear-
lier studies, an increase in RMC thickness corresponds to a
decrease in the microhardness values of the resin cement. It
is believed that variations in light transmittance and micro-
hardness values of resin cement are linked to the types and
amounts of filler present in the RMC groups.

The thickness of the resin cement is another variable influ-
encing polymerization. Turp et al** evaluated the polymer-
ization of resin cement at depths of 100 pm, 300 pm, 500
pm, and 700 pm using Vickers microhardness tests, applying
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a 50 g force for 15 seconds. The researchers reported that
the VHN value of the resin cement decreases as the depth
increases. Puppin-Rontani et al*®* measured Knoop hardness
by applying a 50 g force for 15 seconds from the top surface,
center, and bottom surface of the cement samples.? In the
current study, consistent with similar studies published pre-
viously, the thickness of the cement was prepared to be 0.5
mm, and VHN was measured from the lower surface of the
cement at a depth of 500 pm. As in previous studies, a 50 g
load was applied for 15 seconds in this study.

The VHN values in this current study differ from those in
previous studies.?6-2 There are too many variables related to
polymerization, and the research criteria could not be stan-
dardized. Since many factors affect the microhardness values
of resin cement, the values obtained are not fully compatible
with previous studies.

CONCLUSION

The thickness and type of the RMC sample significantly
influence the microhardness of the resin cement. The
Vita Enamic (PICN) group exhibited the highest VHN val-
ues across all thicknesses, while the Lava Ultimate (resin
nano ceramic) group displayed the lowest VHN values in
every thickness. In all groups, increasing the RMC thickness
impacts the polymerization of the resin cement and results
in a decrease in the VHN value. In clinical applications, the
choice of PICN material for restorations of the same thick-
ness will have a positive effect on the polymerization of the
underlying resin cement and therefore on the long-term
success of the restoration.
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