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ABSTRACT

Objective: This study evaluated how the thickness of a simulated indirect restoration influences the light
transmission of curing units and the uniformity of dual-cure resin cement polymerization using two light sources.
(VALO — ULTRADENT and RADII-CAL - SDI). Material and Methods: Sixty A2-shade resin composite discs
(GrandioSo, VOCO GmbH), 12 mm in diameter, were fabricated and divided into three experimental groups by
thickness: 1.5 mm, 2.5 mm, and 3.5 mm (n = 10 per group). For irradiance transmission, light passage through
each disc was measured using a radiometer (ECEL RD-7). The same discs were used in an indirect restoration
simulation (SRI), employing a 3D-printed mold with 0.3 mm lateral barriers to ensure uniform cement thickness.
Dual-cure resin cement (Bifix QM Universal, VOCO GmbH) was applied, and light-curing was performed for
60 seconds with each light source. After 24 hours, Knoop microhardness was assessed in three regions of the cement:
central, intermediate, and peripheral region. Light transmission was analyzed by two-way ANOVA, while cement
microhardness was assessed by three-way ANOVA, followed by Tukey’s post-hoc test (¢=0.05). Results: Light
transmission was undetectable through 3.5 mm specimens, indicating increased attenuation with thickness. VALO
showed higher irradiance (67.6 = 9.69 mW/cm?) than RADII-CAL (57.3 = 13.82 mW/cm?). Cement microhardness
decreased as restoration thickness increased, with the highest value at 1.5 mm using VALO (75.4 = 8.43). Thickness
also influenced hardening uniformity, with the highest regional value observed in the center of 1.5 mm specimens
(81.5 = 6.49). Conclusion: We can conclude that thickness directly influences the hardening of dual-cure resin
cement, as it is affected by the light attenuation occurring through the indirect restorative material.
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RESUMO

Objetivo: Este estudo avaliou como a espessura da restauracfo indireta simulada influencia a transmisséo de luz
das unidades de fotopolimerizacdo e a uniformidade do endurecimento de um cimento resinoso dual com duas
fontes de luz.(VALO — ULTRADENT e RADII-CAL — SDI). Material e Métodos: Sessenta discos de resina composta
de cor A2 (GrandioSo, VOCO GmbH), com 12 mm de didmetro, foram confeccionados e divididos em trés grupos
experimentais por espessura: 1,5 mm, 2,5 mm e 3,5 mm (n = 10 por grupo). Para transmissdo de irradiancia,
a passagem de luz através de cada disco foi medida usando um radiémetro (ECEL RD-7). Os mesmos discos foram
usados em uma simulacdo de restauracdo indireta (SRI), empregando um molde impresso em 3D com barreiras
laterais de 0,3 mm para garantir espessura uniforme do cimento. Cimento resinoso dual (Bifix QM Universal,
VOCO GmbH) foi utilizado e a fotopolimerizacdo foi realizada por 60 segundos com cada fonte de luz. Apds
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24 horas, a microdureza Knoop foi avaliada em trés regides do cimento: regido central, intermedidria e periférica.
A transmissdo de luz foi analisada por ANOVA a dois fatores, enquanto a microdureza do cimento foi avaliada por
ANOVA a trés fatores vias, seguida pelo teste post-hoc de Tukey (a=0,05). Resultados: A transmissdo de luz foi
indetectavel através de espécimes de 3,5 mm, indicando aumento da atenuacgdo com a espessura. VALO apresentou
maior irradiancia (67,6 = 9,69 mW/cm?) do que RADII-CAL (57,3 = 13,82 mW/cm?). A microdureza do cimento
diminuiu conforme a espessura da restauragdo aumentou, com o maior valor em 1,5 mm usando VALO (75,4 +
8,43). A espessura também influenciou a uniformidade do endurecimento, com o maior valor regional observado no
centro de espécimes de 1,5 mm (81,5 * 6,49). Conclusédo: Podemos concluir que a espessura influencia diretamente
o endurecimento do cimento resinoso dual, pois é afetada pela atenuagio da luz que ocorre através do material

restaurador indireto.
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INTRODUCTION

Restorative dentistry aims to restore
function, esthetics, and structure of the lost dental
tissue. In cases of significant tooth structure loss,
indirect restorations are the most recommended
therapeutic approach. These restorations can be
fabricated from various materials, considering
satisfactory mechanical properties to withstand
the oral environment, while also mimicking the
optical characteristics of natural teeth. In this
context, resin composite is often used due to its
adequate resistance, realistic optical properties,
and affordable cost [1].

Regardless of the material chosen for the
restoration itself, successful indirect restorations
require a reliable bonding interface with the
remaining tooth structure to ensure adequate
marginal sealing and retention. Dual-cure resin
cements are considered the gold standard for this
purpose due to their high hardness, color stability,
and extended working time, which facilitate clinical
handling and allow for chemical polymerization in
areas with limited light exposure [2].

To overcome this problem in limited areas
with light exposure, dual-curing resin cement
can be used. Dual-cure resin cement combines
two activation processes: light-curing and
chemical curing. Chemical-curing light-curing is
crucial in areas where the curing light does not
reach, enhancing the mechanical and physical
properties, such as bond strength, wear resistance,
and compressive strength, while also extending
the working time for the clinician. Both activation
modes initiate the same chain reaction, which
continues until the free radicals are consumed or
the viscosity of the material increases to the point
where light-curing is hindered by radical diffusion
limitations, showing how complementary the two
modes are [3,4].

The effectiveness of this bonding, however,
depends heavily on the degree of conversion
achieved by the resin cement. Although dual-cure
systems are designed to compensate for reduced
light exposure, the chemical pathway alone may
not provide sufficient monomer conversion in
deeper or highly opaque regions [5,6].

This limitation is especially important when
resin composites are used as restorative materials.
These materials consist of an organic resin matrix,
typically based on monomers like bis-GMA, UDMA,
or TEGDMA, and a filler phase made of inorganic
particles such as silica or zirconia. The volume, size,
and distribution of these fillers directly affect the
optical properties by influencing light transmission
and scattering within the material [7]. As composite
thickness increases, the amount of light able to
reach the underlying resin cement decreases
significantly, which can lead to reduced hardness
and lower light-curing efficiency [8,9].

Although the effect of thickness on the light-
curing of the cementing agent is known [10,11],
the use of thick restorations in ceramics has been
reported in the literature. Alternative methods,
such as heated resin, which has low viscosity and
reduced light-curing shrinkage, resulting in better
marginal adaptation, support this trend [12].
Even though studies have reported indirect
restorations up to 4 mm thick, there are accounts
of even thicker restorations, such as endocrowns,
measuring around 7.5 mm [13].

Clinicians using this technique with thick
restorations and dual-cure cements often rely
on the chemical cure component and sometimes
relate successful cementation to hardening the
clinically visible cement margin. However, it
is unclear whether hardening of the cement at
the restoration margin confers homogeneity
throughout the cement region. This distribution
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is important because proper light-curing at the
margins of the cement line is considered a clinical
success indicator of the technique [14].

However, literature still lacks studies
evaluating the microhardness in regions other
than the margin of the light-cured cement.
Inadequate light-curing of dual-cure cements
due to poor light transmission may compromise
key physical properties, such as flexural
strength, elastic modulus, bond strength, and
biocompatibility, ultimately putting at risk the
long-term clinical success of the restoration [15].
While addressing already established and
confirmed topics in literature may offer an
opportunity to better understand the subject
and reassess previously accepted practices and
concepts that are being overlooked in the current
trend, particularly regarding the use of very thick
indirect restorations.

To address the issues described above,
this study aims to evaluate the influence of the
thickness of simulated indirect restorations (SRI)
on the light transmission of light curing unit
(LCU) and the homogeneity of hardening of the
dual-cure resin cement, comparing LCUs with
different powers.

Therefore, the following null hypotheses
were formulated:

Light transmission — irradiance test
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Resin discs to simulate indirect
restorations of different thicknesses
(SRI)
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e HI1: The thickness of the indirect resin
composite restoration does not influence the
light transmission of the light-curing unit.

e H2: The thickness of the indirect resin
composite restoration does not influence the
hardening of dual-cure resin cement.

MATERIAL AND METHODS

Study design

This study used 60 discs in shade A2 of resin
compositesby GrandioSo (VOCO GmbH-Cuxhaven,
Niedersachsen, Germany), with a diameter
of 12 mm and variable thicknesses according
to the experimental groups. The groups were
divided based on the thickness of the fabricated
specimens into: one group with 10 specimens
of 1.5 mm, another with 10 specimens of
2.5 mm, and a third group with 10 specimens
of 3.5 mm in thickness. The specimens were
fabricated using a circular mold produced via
3D printing, employing Voxel and CHITUBOX
software. Following the printing of the molds,
resin composite increments of up to 1 mm were
inserted and light-cured for 20 seconds until the
required thickness was achieved, according to the
proposed design (Figure 1).

Cementantion for the KNH

J—

)

VALO RADII-CAL
(ULTRADENT) (SDI)
N =10 N=10
LCUs 1.5 mm thickness 1.5 mm thickness
disc + 0.3 mm of disc + 0.3 mm of
VALO cement cement
(ULTRADENT) N =10 N =10

RADII-CAL 2.5 mm thickness 2.5 mm thickness
(SDl) disc + 0.3 mm of disc + 0.3 mm of
cement cement
N =10 N =10

|

3.5 mm thickness
disc + 0.3 mm of
cement

—

3.5 mm thickness
disc + 0.3 mm of
cement

Figure 1 - Schematic figure for the division of experimental groups according to specimen thickness and the light-curing unit.

Braz Dent Sci 202528 (3): e4815



Souza LS et al.

Light transmission - irradiance test

To quantify the amount of light transmitted
through the indirect restorations, the ECEL RD-7
radiometer (Ribeirao Preto, Sdo Paulo, Brazil)
was used, with sensitivity in the 400-500 nm
range and output reading in mW/cm?. The output
of the light-curing devices was measured on
the radiometer before being combined with the
specimens to determine the irradiance of each
device. Each sample was measured three times
by placing it over the radiometer, considering the
diameter of the light-curing tip. The specimens
were made with a diameter of 12 mm for this
reason.

Simulation of cementation and microhardness
of cement

To simulate the cementation of indirect
restorations, the same discs used in the analysis
of the light transmission of the light-curing
were used as a resin barrier, to simulate the
different thicknesses of an indirect restoration
made of composite resin (simulated indirect
restoration - SRI). A printed matrix (fabricated
using designs created in the software Voxeldance
Tango 2.11 and sliced for printing with Chitubox)
with 0.3 mm thick lateral barriers was used to
standardize the cement thickness (Figure 2). The
discs (SRI) were attached to the matrix, and the
dual-cure resin cement Bifix QM Universal (VOCO
GmbH - Cuxhaven, Niedersachsen, Germany),
was used with self-mixing syringes and dispensed
into the specimen, which was pressed onto a
glass plate, ensuring homogeneous spreading
throughout the SRI. The material composition
is on Table I.

Light-curing was performed using two
distinct light-curing units with different power
outputs: Radii-cal (SDI - Itasca, Illinois, USA)
with a power output of 1200 mW/cm?, and VALO
(Ultradent Products - South Jordan, Utah, USA)

Table I - Composition of materials

Evaluation of light transmission and uniformity of hardening of resin
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with a power output of 1600 mW/cm?. Both
light-curing units followed a light-curing protocol
for the cement through the various thicknesses
of the SRIs. The cement was light cured in three
distinct regions, simulating cementation within
the oral cavity, considering 3 directions (top
surface, anterior side, and posterior side). Each
direction was light cured for 20 seconds, totaling
60 seconds. After cement polymerization, the
samples were stored in sealed, light-protected
containers at a controlled temperature for
24 hours to allow for adequate chemical setting
of the material.

The Knoop microhardness (KHN) of the resin
cement was assessed using a microhardness tester
(FM-700; Future-Tech Corp., Tokyo, Japan)
under the following conditions: a load of 25 N
applied for 10 seconds. Each specimen underwent
nine indentations, distributed as follows: three
at the peripheral region, three at the center, and
three between these two regions, ensuring a
representative average value for each analyzed
area (Figure 3).

Figure 2 - Printed matrix used to standardize cement thickness to
0.3 mm.

GrandioSo A2 2342688 Resin composite

Dual-curing
composite-based
luting system

Bifix QM Universal 2342688

*Composition provided by the manufacturers.

VOCO GmbH,
Cuxhaven, Germany

VOCO GmbH,
Cuxhaven, Germany

Barium aluminon borosilicate glass, silicon dioxide,
bisphenol-A-glycidyl methacrylate, triethyleneglycol
dimethacrylate, Bis(2-ethylhexyl) phthalate, initiators,
stabilisers, pigments.

Barium aluminon borosilicate glass, HEDMA, BisGMA,
fluorosilicate glass, fumed silica, initiators, stabilisers,
pigments

4
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Statistical analysis

For light transmission analysis, following
confirmation of data normality, a two-way
ANOVA test was employed, considering the
thickness of SRIs and the type of light-curing unit.
For analysis of the cement microhardness values,
a three-way ANOVA test was utilized, considering
the thickness of the SRIs, the type of light-curing
unit, and three distinct regions of the cement
(peripheral region, center, and intermediate
region). Following this, Tukey post-hoc test was
used for multiple comparisons, with a significant
level of 5%.

RESULTS

Light transmission - irradiance test

In accordance with the proposed objective,
the irradiance test data were collected and
subjected to normality and homoscedasticity
tests, indicating p<0.05. Descriptive statistics,
considering the irradiance measured by the
light-curing units studied and the different
thicknesses, are reported as mean and standard
deviation values in Table I. It was observed that
the radiometer device was not able to detect the
irradiance of the light-curing units through the
3.5 mm specimens, as shown in Table II.

Statistical differences were found in the
interaction between the factors (p < 0.05).
Differences in the transmission of light were
observed between thicknesses, with irradiance
decreasing as restoration thickness increased.
Regarding the type of light-curing unit, VALO
showed higher transmission of light compared to
RADII-CAL at thicknesses of 1.5 mm (p < 0.001)
and 2.5 mm (p < 0.001). Both light-curing
units exhibited similar behavior at the 3.5 mm
thickness (p = 1.000) (Figure 4).

Evaluation of light transmission and uniformity of hardening of resin
cements as a function of simulated indirect restoration thickness

Knoop microhardness of cement

In the data analysis, a statistically significant
difference was observed for the light-curing unit
factor (p < 0.001), thickness (p < 0.001), cement
region (p < 0.001), and in the interactions of
factors, such as: Light-curing unit*Thickness
(p < 0.001), Thickness*Cement region (p < 0.001).

Peripheral
region

¢ 4+
‘ ‘ ‘ Intermediate

region

Center region

Cement after
24 hours of
light-curing

Figure 3 - Demarcation of regions in light-cured cement.

Ab

800

600 Aa
% Restoration thickness
k) 66 1.5 mm
= 1 Bb 25mm
B 3.5mm

Ba
200
|:| Ca Ca
0 4 |
RADII-CAL VALO

Light-curing unit

Figure 4 - Bar graph showing the transmission of different light-curing
units across varying restoration thicknesses. Distinct lettering
signifies statistically significant differences. Uppercase letters denote
comparisons between thicknesses, while lowercase letters indicate
comparisons between light-curing units.

Table Il - Descriptive data of mean and standard deviation of light transmission (mW/cm?) from light-curing units through restorative simulations

1.5mm 832
Thickness 2.5mm 323
3.5mm 0

4.1 539 40.6
277 202 18.1
0.0 0 0.0
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No statistically significant differences were
found for the Light-curing unit*Cement region
interaction (p = 0.282) and the Light-curing
unit*Thickness*Cement regions interaction
(p = 0.544).

Regarding the light-curing unit factor, VALO
(67.6 = 9.69) exhibited higher values than RADII-
CAL (57.3 = 13.82). Concerning the thickness
factor, microhardness decreased with increasing
thickness, as indicated by the mean and standard
deviation found at 1.5 mm (72.6 + 9.83), 2.5 mm
(62.5 + 6.39), and 3.5 mm (52.3 * 12.79). For
the cement region factor, the microhardness
observed in the peripheral region (60.9 + 9.42)
of the specimens was higher than that found in
the intermediate region (58.3 = 12.96), and
the central region (68.3 = 14.09) of the cement
exhibited higher microhardness than both the
peripheral region and the intermediate region.

Regarding the interaction between the
light-curing unit and thickness, when evaluating
the performance of VALO, some differences were
observed. The microhardness of the cements was
different between the 1.5 mm (75.4 + 8.43) and
2.5 mm thicknesses, with the 1.5 mm thickness
exhibiting higher microhardness. Upon comparing
the 1.5 mm thickness with the 3.5 mm thickness
(63.2 = 8.48), statistically significant differences
were also found (p < 0.001), with the smaller
thickness showing superior microhardness.
Conversely, the performance observed at the
2.5 mm thickness (64.2 + 7.07) was similar to
that at the 3.5 mm thickness (p = 0.980).

Evaluation of light transmission and uniformity of hardening of resin
cements as a function of simulated indirect restoration thickness

Evaluating the performance of RADII-CAL in
this same interaction (light-curing unit*thickness),
all comparisons showed statistically significant
differences. The microhardness at the 1.5 mm
thickness (69.8 = 10.43) was higher than at
the 2.5 mm thickness (60.8 + 5.22 - p < 0.001)
and higher than at the 3.5 mm thickness
(41.4 = 3.81 - p < 0.001). Furthermore, in
comparison between the 2.5 and 3.5 mm
thicknesses (p < 0.001), the 2.5 mm thickness
exhibited higher microhardness than the 3.5 mm
thickness (p < 0.001).

When evaluating the different light-curing
units at the same thickness, in the interaction
between them, VALO exhibited superior
performance compared to RADII-CAL at thicknesses
of 1.5 mm (p = 0.03) and 3.5 mm (p = 0.001),
showing similar behavior at the 2.5 mm thickness
(p = 0.154) (Table III).

Regarding the interaction between thicknesses
and cement regions, statistically significant
differences were also observed. When considering
the same cement region across different
thicknesses, similar behavior was only found in
the comparison of the peripheral region between
the 1.5 mm and 2.5 mm specimens (p > 0.05). All
other conditions exhibited statistically significant
differences (Table IV).

Within different regions, considering the
same thickness, a statistically significant difference
was observed among the three studied regions
of the 1.5 mm specimens (p < 0.001), with
the center > intermediate > peripheral region.

Table 11l - Comparisons of mean and standard deviation of Knoop Microhardness among light-curing unit and thickness

1.5mm
Thickness 2.5mm

3.5mm

75.4 + 8.43"* 69.8 +10.43%
64.2 + 7.07% 60.8 + 5.22%
63.2 + 8.48% 414 + 3.8%

*Different letters indicate statistically significant differences. Uppercase letters compare rows within the same column; lowercase compare

columns within the same row (Tukey's Test — a=5%).

Table IV - Comparative analysis between the cement region and the thickness factors

1.5mm 64.7 + 7564 71.7 + 7.09% 81.5 + 6.49%
Thickness 2.5mm 63.5 + 4.3% 56.2 + 3.16% 68.0 + 4.86"
3.5mm 545 + 11.628% 47.0 + 11.52¢ 55.5 + 13.95%

*Different letters indicate statistically significant differences. Uppercase letters — comparisons rows within the same column; lowercase
letters — comparisons columns within the same row (Tukey's Test — a=5%).
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At the 2.5 mm thickness, the center and peripheral
region remained superior to the intermediate
region (p < 0.001), and the peripheral region
was similar to the center (p > 0.05). The behavior
observed at the 2.5 mm thickness was repeated
at the 3.5 mm thickness.

DISCUSSION

The results of this study confirm the direct
influence of the thickness of indirect resin
composite restorations on the transmission of the
light and, consequently, on the homogeneity of
cement hardening. Therefore, the null hypotheses
were rejected. These findings corroborate existing
literature, which demonstrates a significant
reduction in transmitted light intensity as
restorative material thickness increases [16].

The relationship between restorative material
thickness and the reduction in light transmitted
by light curing units is well documented. For
instance, it was reported that at a thickness
of 4 mm or greater, resin cement hardness
decreases by more than 50%, indicating that
light transmission through thick materials is
insufficient for complete polymerization [5].
This finding is consistent with the present study,
where a decrease in microhardness was observed
as thickness increased.

A decrease in light transmitted was observed
across all tested thicknesses, with a more
pronounced reduction as the resin material
became thicker. This result aligns with previous
studies, which indicate that in restorations
exceeding 2 mm in thickness, the transmitted
light energy may be insufficient to ensure optimal
polymerization of resin cement [17]. Furthermore,
other studies suggest that when the restorative
material exceeds 3 mm in thickness, the cement
hardness may be compromised, indicating
non-homogeneous polymerization [15].

Light transmission through composite resin
is greatly affected by the material thickness,
mainly due to its composition and microstructure.
As thickness increases, light experiences more
attenuation because of optical phenomena like
absorption and scattering within the composite
matrix [18]. This is explained by how light
interacts with filler particles and the organic
matrix, where density, size, and refractive index
directly influence the material ability to transmit
light [19,20]. In thicker layers, the longer optical
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path raises the chance of light being absorbed
or deflected by microdefects, opaque fillers, or
interfaces with mismatched refractive indices [21].
These mechanisms decrease the amount of light
reaching deeper layers, affecting the effectiveness
of the light-curing process.

Light irradiance is directly proportional
to the amount of light transmitted through the
composite resin and is a crucial factor for effective
photopolymerization. The physical basis of this
relationship lies in the connection between light
energy and exposure intensity per unit area. Higher
incident irradiance delivers more photons to activate
the photoinitiators within the resin matrix, if the
light can pass through the material [22]. However,
as shown in this study, successful polymerization
can still occur even under low transmitted irradiance
conditions due to the specific optical and chemical
properties of the materials, particularly in dual-
cure cements, which combine light-activated and
chemical curing mechanisms [23].

Additionally, measuring the irradiance of
a light unit with a benchtop clinical radiometer
provides an overall assessment of the output power
of the curing unit, while a spectroradiometer
allows a more detailed analysis of the light
spectrum transmitted through the resin barrier.
Spectroradiometer data yields more precise
values regarding light transmission, particularly
in cases where light heterogeneity may affect
cement polymerization [24]. Notably, the
radiometer sensor failed to detect transmitted
light in the 3.5 mm specimens, which may be
attributed to the equipment limitations, despite
the observed hardening of the light-cured cement
under these conditions.

Dual-cure resin cement combines the desirable
characteristics of an adhesive material for indirect
and semi-direct restorations [25], as it features
additional chemical polymerization in deeper
areas where light penetration may be deficient.
This results in enhanced mechanical properties,
ensured by adequate polymerization [26].

When light transmission is low or absent, as
observed in materials with dual polymerization,
the chemical polymerization initiation rate is
lower, leading to a reduced number of free
radicals forming polymer chains [27]. However,
unlike exclusively light-cured materials, dual-cure
materials still generate free radicals responsible
for chemical polymerization even under low-
intensity light exposure [28].
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The results of this study demonstrated that
light attenuation increased with the thickness
of the resinous barrier, which also influenced
the microhardness of dual-cure resin cement.
Higher microhardness values were found in
specimens with the lowest thickness, reinforcing
findings from other studies, which report that
increasing restorative material thickness reduces
transmitted light intensity and compromises the
polymerization of underlying resin cement [29].

Other studies also report the influence
of the translucency of the restorative material
and the healing mechanisms and encourage
the study of these variables [30]. In this study,
the translucency of the restorative material
was standardized in all specimens using a resin
material in the A2 shade for enamel, evaluating
the behavior of two distinct healing mechanisms,
with divergent potencies.

Analysis of different cement regions revealed
that the center of the specimen exhibited superior
hardness compared to other regions, following the
pattern: Center > Intermediate > Peripheral region
at the smallest thickness [31]. However, at 3.5 mm,
the microhardness in the intermediate region was
lower than in other areas, showing a distinct
behavior that may be related to light dispersion
and heterogeneous polymerization [32].

At the center and intermediate regions, there
was a progressive decrease in the microhardness
of dual-cure resin cement as the thickness
of the restorative material increased. This
behavior is directly related to the attenuation
of incident light through the resin composite,
limiting effective cement polymerization [33].
Other authors have also reported that the
microhardness of dual-cure cements decreases
significantly under thicknesses exceeding
2.5 mm in lithium disilicate and 2 mm in
zirconia, suggesting that the choice of restorative
material and polymerization protocol is crucial
for clinical success [5,34].

Although it was reported that a light-curing
protocol applied from the buccal, lingual, and
occlusal surfaces of thick indirect restorations is
not always necessary for adequate polymerization
and may waste valuable clinical time [34],
this protocol may have contributed to the
hardening of dual-cure resin cement under
adverse conditions. Therefore, the appropriate
selection of a light-curing device should consider
not only output power but also factors such as

Evaluation of light transmission and uniformity of hardening of resin
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emission spectrum, tip design, and compatibility
with the resin photoinitiator system [35-37].

Notably, evaluating and comparing the
hardness of the resin cement at the peripheral
and central regions of the restoration is essential
because, clinically, the effectiveness of light-curing
can only be reliably checked at the restoration
margins. This is because the peripheral areas
are accessible to clinical tools for tactile or visual
inspection, while the internal regions remain
hidden. Therefore, hardness measurements at
the margins act as a practical indicator of overall
curing quality. Uneven light-curing between the
center and periphery may lead to compromised
mechanical properties, marginal leakage, or
long-term failure of the restoration, highlighting
the importance of ensuring adequate light
transmission across the entire cement layer.

CONCLUSION

Based on the results of this study, the greater
thickness and consequent light attenuation
compromise the hardening of the dual-cured
resin cement. Additionally, greater hardening
was observed in the center of the specimen,
which suggests that the peripheral hardening
observed by clinicians in indirect composite
resin restorations can be used as a reference to
evaluate the effectiveness of polymerization in
more critical areas.
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