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Resumo

Introdugao: A crescente exigéncia estética, aliada a evolugdo dos materiais restauradores, tem levado ao uso crescente de restauragoes
ceramicas livres de metal na reabilitagéo oral. Objetivo: Este estudo avaliou o grau de conversao (%DC) de diferentes sistemas adesivos
curados através de ceramicas com diferentes translucidezes. Métodos: Foram medidos os %DC de trés adesivos: SBU - Scothbond
Universal (3M ESPE), AMB - Ambar (FGM), APS - Ambar APS (FGM), considerando duas translucidezes ceramicas: alta (HT) e baixa
(LT). Uma amostra de ceramica padrédo (10 mm x 10 mm x 1 mm) foi obtida de cada translucidez testada. Um cimento resinoso translucido
padréo (Variolink Esthetic LC, lvoclar Vivadent) foi colocado sobre um lado de cada amostra de ceramica para simular a interface do
cimento. A medi¢do do %DC do adesivo foi feita por espectroscopia FTIR, considerando a relagdo entre ligagdes duplas de carbono
alifatico/aromatico antes e depois da cura através da amostra ceramica. Foram feitas cinco leituras para cada adesivo. Os dados foram
submetidos a analise de variancia a dois critérios (Anova Two-Way) e teste de Tukey (p<0,05). Resultados: Houve diferencga estatistica
para o adesivo (p<0,001) e interagdo ceramica x adesivo (p=0,035), enquanto para a ceramica ndo houve diferenga significativa
(p=0,903). Para as duas ceramicas, o adesivo APS apresentou o maior valor de %DC, seguido pelo AMB e SBU. Conclusao: Para
ceramicas com 1 mm de espessura a translucidez teve baixa influéncia no %DC do adesivo. O adesivo contendo o sistema APS
apresentou melhor conversdo de monémeros comparado aos demais testados.
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Abstract

Introduction: The increasing aesthetic demand, combined with the evolution of restorative materials, has led to the growing use of metal-
free ceramic restorations in oral rehabilitation. Objective: This study evaluated the degree of conversion (%DC) of different adhesive
systems cured through ceramics with different translucencies. Methods: The %DC of three adhesives was measured: SBU - Scothbond
Universal (3M ESPE), AMB - Ambar (FGM), APS - Ambar APS (FGM), considering two ceramic translucencies: high (HT) and low (LT). A
standard ceramic sample (10 mm x 10 mm x 1 mm) was obtained from each translucency tested. A standard translucent resin cement
(Variolink Esthetic LC, Ivoclar Vivadent) was placed over one side of each ceramic sample to simulate the cement interface. The
measurement of the adhesive %DC was made using FTIR spectroscopy, considering the ratio of aliphatic/aromatic double carbon bonds
before and after curing through the ceramic sample. Five readings were made for each adhesive. Data were subjected to two-way analysis
of variance (Anova Two-Way) and Tukey test (p <0.05). Results: There was a statistical difference for the adhesive (p <0.001) and ceramic
x adhesive interaction (p = 0.035), while for the ceramic, there was no significant difference (p = 0.903). For the two ceramics, the APS
adhesive had the highest %DC value, followed by AMB and SBU. Conclusion: For ceramics with 1 mm thickness, the translucency had
a low influence on the %DC of the adhesive. The adhesive containing the APS system showed better conversion of monomers compared
to the others tested.
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polymerization is carried out only after placing the
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Introduction

The increasing aesthetic demand added to
the evolution of restorative materials has made
metal-free ceramic restorations increasingly used in
oral rehabilitation?. Ceramics, such as lithium
disilicate, associate favorable physical
characteristics, such as high mechanical strength
and aesthetics, with the ability to adhere to dental
substrates through resin cement and even flowable
composites?'®2%, In this context, ceramic veneers
have gained popularity in Restorative Dentistry due
to their high aesthetic capacity, resistance, and
conservative characteristics’'426, Studies report a
clinical survival rate for ceramic veneers greater
than 90% for 5 years, and between 60% and 90%
for 10 years of evaluation’, and it is estimated that
the success of these treatments is directly related to
the cementation stage®.

Adhesive  cementation of  ceramic
restorations involves conditioning the dental
surfaces and the prosthetic piece with acids that aim
to increase the retention of the pieces and/or the
wettability of the surfaces by the adhesives, thus
favoring the union with the resin cement®. The
adhesive interface is responsible for ensuring
homogeneous stress distribution between the
restorative material and the tooth structure?°, and
usually, for ceramic veneers, light-cured materials
are preferred due to control of working time and
color stability’” when compared to chemical
systems.

The thickness, composition, and color of the
ceramic'21%20 as well as the light source used for
light-curing?!, can affect the degree of conversion of
the resin cement used in adhesive procedures, as
they change the amount of light that reaches the
material. Concerning the ceramic features, high
translucency, low thickness, and shades A1 and A2
were associated with higher light transmission’®.
The attenuation of the light by ceramic may be
compensated considering the concept of the energy
density which is the product of the total intensity
emitted by the exposure time?.

Usually, the assessment of the degree of
conversion of resin cement is considered in the
evaluation of the ability to convert monomers into
polymers in these studies; however, many times,
during the cementation of ceramic pieces, the
adhesive is applied to the dental substrates and its

piece with the cement in position so that the
polymerization of the set is carried out in a single
step. Thus, this study aimed to evaluate the degree
of conversion of different adhesive systems used in
the cementation of ceramic veneers and the
influence of the translucency of the ceramic in this
process.

Materials and Methods

The studied variable of this in vitro analysis
was the conversion degree (%DC) measured by
FTIR spectroscopy of the following adhesive
systems: SBU - Scothbond Universal (3M ESPE,
USA), AMB - Ambar (FGM Dental Group, Brazil) and
APS- Ambar APS (FGM Dental Group, Brazil). Their
composition is listed in Table 1.

Table 1 — Composition of the adhesive system
tested.

Adhesive Composition
SBU - Phosphate monomer (MDP),
Scothbond dimethacrylate  resins, filler,

Universal (3M HEMA, Vitrebond™ copolymer,
ESPE) alcohol, water, initiators, silane.

AMB — Ambar MDP, Methacrylic monomers,

(FGM Dental photoinitiators, co-initiators,

Group) stabilizers, inert fillers (silica
nanoparticles), and ethanol

APS — Ambar MDP, methacrylic monomers,
APS (FGM photoinitiating composition (APS
Dental Group) - Advanced Polymerization
System), co-initiators, stabilizer,
silica nanoparticles, and ethanol

The conversion degree (%DC) of each
adhesive was measured considering two
translucencies of lithium disilicate ceramic (E-max,
Ivoclar Vivadent, Schaan, Liechtenstein): high (HT)
and low (LT) translucency. For that, one standard
specimen of each ceramic was obtained from
E.max ceramic blocks (lvoclar Vivadent) with help
of a precision cut machine (IsoMet 1000, Buehler,
lllinois, USA) (Figure 1). Both samples had the
following dimensions: 10 mm (width) x 10 mm
(length) x 1 mm (thickness), being one of high
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translucency (HT — Shade A2) and other of low
translucency (LT — Shade A2). At one side of each
sample, a thin layer of resin cement was placed
(Variolink Esthetic LC, Ivoclar Vivadent) to mimic
the cement interface and standardized at 0.3 mm
(Figure 1).

Figure 1 — schematic drawing of the experiment

The conversion degree (%DC) of the
adhesive systems was assessed using a Fourier
transform infrared (FTIR) spectrophotometer
(Spectrum Spotlight 400, Perkin Elmer). The
standard volume of the adhesive from each group
was placed directly on the equipment's diamond
crystal platform. The following parameters were
adopted in all measurements: spectra collected
from 4000 cm-1 to 1500 cm-1, with 32 scans, 2
spectrum per second, at a resolution of 4cm-1.
Immediately after placing the adhesive over the
equipment crystal, a mylar strip was placed over it,
and the first reading was made as baseline. Then
the set cement/ceramic was placed over it, followed
by photopolymerization using LED light (1200
mW/cm?, Bluephase, Ivoclar Vivadent) for 40 sec.
After the cure, a new spectra reading was made
using the same parameters. Five readings were
made for each adhesive and each ceramic
translucency.

The height (H) under the peak at 1638 cm-1
represented the vinyl C=C groups of the adhesive,
while the height under the peak at 1608 cm-1
represented the aromatic C=C and both measures
served as the internal standard (Figure 2). The
%DC was calculated using the formula: %DC = [1-
(H1638/H1608 polymerized) / (H1638/H1608
unpolymerized)] x 100.

Figure 2 — On the left, spectrum of the Ambar
adhesive before (blue line) and after polymerization
(orange line) with a completely opaque metallic
matrix only to show both lines almost overlapping
and indicating absence of polymerization of the
adhesive. On the right, the same adhesive with the
cement and low translucency ceramic set used,
showing the orange curve (after polymerization)
much smaller than the blue one (without
polymerization) in the region of the 1638cm-1 band
indicating polymerization of the adhesive.

Data was analyzed regarding normal
distribution (Kolmogorov Smirnov test) and then
submitted to analysis of variance (ANOVA 2-way)
followed by Tukey test, considering values of p <
0.05 as statistically significant. The analysis was
made with the Jamovi software (v. 1.8 - The jamovi
project - 2021).

Results

The ANOVA two-way test was used to
compare both studied factors — ceramics and
adhesives. For the ceramics, there were no
significant differences between the LT and HT
(value of p = 0.600), indicating that the translucency
of thin ceramic layers does not influence the
conversion degree of the adhesive. For the
adhesives tested, there was a significant difference
between them, with p value p < 0.001 (thus,
statistically significant), and the Tukey test showed
that the adhesive APS presented the highest
conversion degree value, followed by AMB and
SBU, respectively. Table 2 shows the results of the
ANOVA test and the result of the Tukey test for the
adhesive factor and the interaction of the factors.

Table 2 — Mean and standard deviation of the
degree of conversion for the adhesives and
ceramics tested and results of the Tukey test for the
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adhesive factor and Tukey test for the interaction
between the factors.

Ceramics Ceramics
LT HT
Mean DP Mean DP  Tukey Test

Amb 4166 048 4193 0.34 B

APS 50.02 345 5196 262 A

SBU 3464 433 3781 484 C

Capital letters show the difference between the rows
for the adhesive factor. There was no difference
between the ceramics (p=0.600)

Discussion

The findings of this study highlight the
critical influence of adhesive composition on the
degree of conversion (%DC), particularly
concerning the photoinitiator system employed.
Among the tested adhesives, the one containing the
APS  photoinitiator  system  (Ambar APS)
demonstrated a significantly higher %DC compared
to the adhesives containing only camphorquinone
(SBU and Ambar), regardless of the ceramic
translucency. According to the manufacturer, the
APS system (Advanced Polymerization System —
FGM  Dental Group) incorporates Ilower
concentrations of camphorquinone in combination
with alternative photoinitiators capable of enhancing
the absorption and utilization of light energy. This
synergistic effect promotes more efficient activation
of monomers and contributes to a higher
polymerization rate. The superior performance of
Ambar APS, particularly when compared to the
conventional Ambar adhesive—which shares a
similar resin matrix composition but lacks the APS
system—underscores the relevance of the initiator
system in optimizing polymerization through
ceramic restorations. Additionally, the reduced
camphorquinone content in Ambar APS confers
greater translucency to the adhesive layer,
minimizing the potential for discoloration at the
ceramic-adhesive interface, as previously reported
by Oliveira Junior (2019)". From a clinical
standpoint, the incorporation of the APS system
may enhance the performance of adhesive
procedures, mainly under moist conditions, as its
more hydrophilic photoinitiators mitigate the

incompatibility between hydrophobic
camphorquinone and the hydrophilic environment
of acid-etched, such as dentin, which the substrate
often in contact with the adhesive during
cementation procedures. This characteristic
facilitates improved monomer infiltration and
polymerization in  oversaturated substrates,
potentially contributing to more stable and durable
adhesive interfaces."’

Regarding the SBU, although studies show
great performance in bonding to tooth
substrates1318.22 in this study, it was the adhesive
with the lowest %DC values. A possible explanation
might be the association of water/ethanol used as
solvent in this adhesive (Table 1), compared with
only the ethanol from the APS and AMB. Clinically,
the solvents should be completely removed with an
air-blast to avoid the dilution of the monomers and
the formation of voids, to increase the permeability
of the cured adhesive layer, and to attain a high
cross-linking polymer®8°. During the execution of
the measurements, the solvent evaporation was not
performed to avoid its removal from the surface of
the spectrophotometer’s crystal. This decision was
made following the results of described by Carvalho
et al (2019)® which showed that both SBU and AMB
are less influenced by evaporation methods,
although clinically this step should be performed.

Concerning ceramic translucency, although
previous studies have indicated that the shade,
thickness, and translucency of lithium disilicate
glass ceramics can influence the degree of
conversion (%DC) of resin cements %20, the present
results suggest that when thin ceramic veneers are
used—up to 1 mm in thickness—Ilight transmission
is sufficient to adequately polymerize the underlying
adhesive layer. This finding supports the clinical use
of light-cured resin cements or even flowable
composites for veneer cementation, minimizing the
need for dual-cure or self-cure systems, which are
often associated with lower color stability due to the
degradation of tertiary amines'. Furthermore, no
significant difference was observed between high
and low translucency ceramics regarding adhesive
conversion, indicating that both levels of
translucency allow adequate light transmission
through 1 mm thickness. Nevertheless, it is
essential to emphasize that achieving optimal
monomer conversion for both adhesives and resin
cements requires the use of a high-quality light-
curing unit, with appropriate irradiance, total energy
dose, and a homogeneous light beam profile?3.
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The evaluation of the conversion degree in Conclusion
dental composition is frequently performed and
reported in the literature as a predictor of the quality
and longevity of the composite material®. It is
expected that higher monomer conversion creates
restorative materials and bonding interface with a
higher degree of cross-links, thus more resistant to
physical and chemical degradation, although it is
not always evident that there is a direct relationship
between %DC and bonding performance*?4.
Therefore, the results of this study shall be carefully
analyzed, and future studies should evaluate the
bond strength and aging process over the adhesive
interface when the adhesive system is cured
concomitant to the resin cement for veneer
cementation.

Within the limitations of this study, it can be
concluded that, for ceramics with a thickness of 1
mm, the degree of translucency has a low influence
on the conversion degree of the adhesive used in
the tooth substrate. This suggests that, clinically, the
translucency of thin ceramic veneers does not
impact on the performance of the adhesive use in
the cementation process but needs to be validated
in clinical trials. Regarding the adhesive, the one
containing the APS system showed better
conversion of monomers compared to the other
adhesives tested when cured through a ceramic
veneer. This might suggest better bonding
performance of this adhesive clinically but needs
confirmation by clinical trials.
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