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Abstract The aim of this study was to assess the
performance of light-cured luting resin after curing under
the ceramic restoration in comparison to dual-cured luting
resin, by evaluating the micromechanical properties. Two
hundred seventy thin luting composite films of ca. 170 um
in thickness were prepared by using two light-cured luting
resins (Variolink Veneer, Ivoclar Vivadent; RelyX Veneer,
3M ESPE) and a dual-cured luting resin (Variolink II,
Ivoclar Vivadent). The composites were cured by using a
LED-unit (Bluephase®, Ivoclar Vivadent) with three differ-
ent curing times (10, 20, and 30 s) under two ceramics (IPS
e.max Press, Ivoclar Vivadent; IPS Empress® CAD, Ivoclar
Vivadent) of different thicknesses (0, 0.75, and 2 mm).
Forty-five groups were included, each containing six thin
films. The samples were stored after curing for 24 h at 37°C
by maintaining moisture conditions with distilled water.
Micromechanical properties of the composites were measured
with an automatic microhardness indenter (Fisherscope
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H100C, Germany). For each sample, ten indentations were
made, thus totalizing 60 measurements per group. Micro-
mechanical properties of the Iuting resins were statistically
analyzed (SPSS 17.0). Significant differences were observed
between the micromechanical properties of the luting resins
(»<0.05). Variolink II showed the highest values in modulus
of elasticity (E=11+0.5)* and Vickers hardness (HV=48.2+
3.2)* and the lowest values in creep (Cr=4.3+0.1)* and
elastic—plastic deformation (We/Wtot=38.6+0.7)* followed
by RelyX Veneer (E=6.9+£0.3, HV=33+£2.5, Cr=4.6+0.2,
We/Wtot=41.8+1.0)* and Variolink Veneer (E=4.4+04,
HV=20.1£2.6, Cr=5+0.2, We/Wtot=43.7+1.3)*. Dual-
cured luting resin expressed higher values in the micro-
mechanical properties compared to the light-cured luting
resins. The effect of luting resin type on the micro-
mechanical properties of the luting resins was higher than
the effect of curing time, ceramic type and ceramic
thickness respectively (*The values of reference without
ceramics for 30 s curing time).

Keywords Luting resins - Veneers - Micromechanical
properties

Introduction

In the last few decades, patient demand for aesthetic
restorations forced the manufacturers to develop new
adhesive technologies and more resistant aesthetic materials
[1]. Porcelain laminate veneer restorations are one of the
most popular aesthetic treatment alternatives for anterior
teeth [2]. A conservative preparation with a minimum of
tooth reduction, a potential for excellent aesthetics, and
maintenance of healthy tissues are the major advantages of
porcelain laminate veneers [3]. The excellent aesthetic
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outcome of these restorations is a result of the fact that
ceramics have a translucency similar to that of tooth
structure [4]. However, there are some problems associated
with porcelain laminate veneer restorations such as inade-
quate bonding and unpredictable final shade [5].

Improvements in dental ceramic systems have made
porcelain laminate veneers a valuable clinical option. In
recent years, new, high-strength ceramics, such as glass-
infiltrated [6] and CAD/CAM-fabricated densely sintered
high-purity alumina [7] ceramics and zircon ceramics, have
become more common in restorative dentistry. On the other
hand, silica-based ceramics, such as leucite-reinforced and
lithium-disilicate glass ceramics, are frequently used for
porcelain laminate veneers, inlays/onlays, and all-ceramic
restorations because of their excellent aesthetic properties
[8]. The use of ceramic materials has continuously
increased due to their natural appearance, fluorescence,
biocompatibility, durability, chemical stability, high com-
pressive resistance as well as their thermal expansion being
similar to tooth structure [9].

For the longevity of porcelain laminate veneer restora-
tions a vital importance is attributed to the luting materials
[10]. Generally, resin based adhesive composites are used
for luting ceramic restorations [11]. These materials are
classified according to their activation modes, which are
chemical, photo or dual activation [12].

A number of medium-to-long term clinical studies have
reported the clinical performance of porcelain laminate
veneer restorations, as their aesthetic was excellent, patient
satisfaction was high and no adverse effect on periodontal
health was noted [13].

The majority of the clinical studies reported a low failure
rate (0% to 7%) [14—16]. However, there were also few
clinical studies reporting higher failure rates (14% to 33%)
[17-20]. Peumans et al. observed in their clinical study a
dramatic increase in the number of failures on the porcelain
laminate veneers from 5 years (4%) to 10 years (34%) [21].
They claimed that shrinkage of the luting resin, as well as
thermal and mechanical loading can cause failures in the
porcelain veneer restorations. In addition, it has been
reported that porcelain veneer failures may occur due to
use of inappropriate luting agents [13].

The success of a ceramic veneer restoration is mainly
based on a high bond strength between ceramic and luting
resin and between luting resin and dental hard tissues [22].
In order to obtain high bond strength, an optimal curing of
the luting agent is required [23]. Moreover, the degree of a
polymerization of the luting resin affects the mechanical
properties of the adhesive luting resins and thus the survival
of the restoration [24]. To maintain an adequate polymer-
ization of the material an adequate quantity of light is
required [25]. Several in vitro studies quantified a consid-
erable light attenuation promoted by ceramics [26-28].
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Furthermore, the crystalline structure, the thickness, the
opacity and the shade of the ceramics may play a role on
the light attenuation to the luting resin under a ceramic
restoration [29].

For cementation of porcelain veneers a light-curing
luting resin is preferred by dentists due to their color
stability when compared with dual-cured luting resins [30].
Nevertheless, it is important that there is enough light
transmittance throughout the porcelain veneer to polymer-
ize the light-cured luting resin. Therefore, the aim of this
study was to evaluate whether light-cured luting resins
perform as good as dual-cured luting resins, when poly-
merized through ceramics by measuring the micromechan-
ical properties and by assessing the influence of parameters
like composite type, curing time, ceramic type, and ceramic
thickness.

Materials and methods

This study analyzed the influence of the following
parameters on the curing quality of the luting resins.

e Curing time: 10, 20, and 30 s

e Ceramic type: lithium disilicate glass-ceramic and
leucite reinforced glass-ceramic

* Ceramic thickness: none (control group), 0.75 and
2 mm

* Luting resin type: a dual and two different light curing
luting resins

Two different ceramics were selected for this study: a
lithium disilicate glass-ceramic (IPS e.max Press; Ivoclar
Vivadent, Schaan, Liechtenstein) and a leucite reinforced
glass-ceramic (IPS Empress®CAD; Ivoclar Vivadent,
Schaan, Liechtenstein). Vita shade Al of low translucency
was selected for both of the ceramics. For the IPS e.max
Press ceramic wax patterns of 0.75 mm and 2 mm in
thickness and 10 mm in diameter were prepared, invested in
Starvest®-SOFT-3 investment (Weber Dental, Stuttgart,
Germany) and burnout in a furnace (Type CL-V2; Heraus
Kulzer, Hanau, Germany) at the temperatures of 800°C for
60 min, 600°C for 30 min and 850°C for 60 min
respectively. The investment and an ingot of IPS e.max
Press were then transferred to the furnace (EP 500; IPS
Empress, Ivoclar Vivadent, Schaan, Liechtenstein) and
automatically pressed with program 16 (930°C, 60 min).
Similar discs were prepared from the IPS Empress® CAD
ceramic bloc by cutting with a low speed saw (Isomet®
Low Speed Saw, Buehler®, IL, USA). All ceramic discs
were then grinded with silicon carbide paper of grit 600
(Leco® VP 100, Leco Instrumente GmbH, Germany).

Two light-cured luting resins [Variolink Veneer (Ivoclar
Vivadent, Schaan, Liechtenstein), RelyX Veneer (3M
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ESPE, Seefeld, Germany)] and a dual-cured luting resin
[Variolink II (Ivoclar Vivadent, Schaan, Liechtenstein)] of
shade Al were selected for this study. Descriptions of the
luting resins and ceramics included in this study are
summarized in Table 1.

The manufacturer suggests a curing time of 10-30 s in
each section for Variolink Veneer luting resin and of 30 s
for RelyX Veneer luting resin. Therefore, luting resin films
were cured by using a LED-unit (Bluephase®, Ivoclar
Vivadent, Schaan, Liechtenstein, 1200 mW/cmz) with three
different curing times of 10, 20, and 30 s. The combination
of all parameters gives a total of 45 groups, each containing
six thin luting-resin films of ca. 170 um in thickness, thus
totalizing 270 films. In order to avoid oxygen-inhibition
during polymerization, mylar strips were positioned over
the luting resins before curing procedure. The curing unit
was directly centered on the sample surface to maintain the
maximum energy of light onto the surface of measurement.
The samples were stored after curing for 24 h at 37°C by
maintaining moisture conditions with distilled water.

Vickers hardness (HV), modulus of elasticity (E), creep
(Cr) and elastic—plastic deformation (We/Wtot) were eval-

Table 1 Materials used in this study

uated by using an automatic micro hardness indenter
(Fischerscope H100C, Fischer, Sindelfingen, Germany)
according to DIN 50359-1:1997-10. For each sample ten
indentation points were selected and 60 measurements were
made per group. The test procedure was carried out force
controlled. The test load increased and decreased with
constant speed between 0.4 and 30 mN. The load and the
penetration depth of the indenter were continuously
measured during the load-unload-hysteresis.

The Universal hardness was defined as the test force
divided by the apparent area of the indentation under the
applied test force. From a multiplicity of measurements
stored in a database supplied by the manufacturer, a
conversion factor between Universal hardness and Vickers
hardness was calculated and implemented into the software
so that the measurement results were indicated in the more
familiar Vickers hardness units (HV). The indentation
modulus was calculated from the slope of the tangent of
indentation depth-curve at maximum force and is compa-
rable with the modulus of elasticity of the material (). By
measuring the change in indentation depth for 5 s with a
constant test force of 30 mN, a relative change in the

Brand name Manufacturer

Composition

Filler loading LOT number

Variolink II Ivoclar Vivadent, Schaan,

Liechtenstein

Catalysts and stabilizers
Pigments

BisGMA 9ER

RelyX™ Veneer 3M ESPE, Seefeld, Germany

Dimethacrylates
Inorganic fillers

73.4% weight! K04678"

46.7% volume'
77.2% weight?
52.0% volume?

K35373>

TEGDMA

Zirconia/silica and fumed silica
Pigments

66% weight
47% volume

Photoinitiator

Variolink Veneer Ivoclar Vivadent, Schaan,

Liechtenstein

Dimethacrylates
Inorganic filler

M13040
60.1% weight

Ytterbium Trifluoride

Catalysts and stabilizers

40% volume

Pigments

IPS e.max Press Ivoclar Vivadent, Schaan,

Liechtenstein

Si0s, Li,O
K»0, P,Os

M13076

7r0,, ZnO
Other oxides

Color oxides

IPS Empress®CAD
Liechtenstein

Ivoclar Vivadent, Schaan, SiO,
A1203

MO02654

Kzo, Nazo
Other oxides

Pigments

According to manufacturers' information
! Base

2 Catalyst with high viscosity
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indentation depth was calculated. This was a value for the
creep of the materials (Cr). The total mechanical work
(Wtot) was measured during the indentation procedure
according to the formula W = [Fdh (F = load; h =
indentation depth). The plastic deformation work (Wp)
and the work of the elastic reverse deformation (We), which
are the two components of the mechanical work, were also
measured. The elastic—plastic deformation (We/Wtot) was
calculated as the percentage of Wtot represented by We.

Results were statistically analyzed using one-way
ANOVA and Tukey HSD post hoc-test (SPSS 17.0) (a=
0.05) as well as a multivariate analysis (general linear
model) to test the influence of luting resin type, filler
loading (percent volume and percent weight), curing time,
ceramic type and ceramic thickness.

Results

As a function of the tested parameters, which are luting
resin type, ceramic thickness, and curing time, micro-
mechanical properties of the luting resins polymerized
through the IPS e.max Press and the IPS Empress® CAD
ceramics are shown in Tables 2 and 3. Table 4 presents the
level of the effect of different ceramic types, ceramic
thicknesses and curing times on the micromechanical
properties of three different luting resins by showing the
eta-squared values derived from ANOVA analysis.

The statistical analysis revealed significant differences in
the micromechanical properties between the tested three
luting resins (Tables 2 and 3). For all the given parameters
as curing time, ceramic type and ceramic thickness,

Table 2 Luting composite, ceramic thickness, curing time, modulus of elasticity, Vickers hardness, creep, and elastic—plastic deformation for the

ceramic type of IPS e.max Press

Composite Ceramic thickness (mm)  Curing time (s) F HV Cr We/Wtot
Mean SD  Mean SD  Mean SD  Mean SD
Variolink 1I Reference without 10 10.68°% 0.4  42.98° 3.0 4.63Kmme 0.1 37.20° 1.0
ceramic 20 11228 0.5  48.86%°" 38 428 0.1 38.91° 1.1
30 1107 0.5 48219 32 434%fh g1 360" 0.7
0.75 10 10.60° 0.5  46.16™ 53 44670k 02 39434t 92
20 1112 04 51.92" 57 43]%k 02 40.78%" 23
30 1137 04 51.71"WY 64 4330k 02 3988k 23
2 10 958° 0.7 3857™ 40 4.89" 02 37.03° 1.8
20 10.30° 04  42.80™ 6.0 4.59km 0.3 38.20% 33
30 10.317 0.6 47909 6.0 4.40d%fE 03 4067 238
Variolink Veneer ~ Reference without 10 3.53% 03 16.52% 1.9 4.77™0PdS 02 45437 19
ceramic 20 3.74% 0.6 17.60° 3.1 4.92%0 0.2 45.55° 3.9
30 4478 04  20.18% 26 500" 02 43.77"™" 13
0.75 10 3.09° 03 14.20% 28  4.87°M 02 44.14™° 14
20 420% 04 20.18%" 44 4849m 03 45.18™" 24
30 474% 02 22.82" 1.9  4.88™" 03 4529 1.8
2 10 205 02 917 1.7 4.66™™°P4 03 44.14™° 19
20 3.24% 03 1524%°¢ 20 490" 03  45.08%" 2]
30 4628" 05 2236 47 490" 03 4519 2.1
RelyX Veneer Reference without 10 6.300 03 28.11" 33 4.53MK 02 40.56%%E" 24
ceramic 20 7.06¢ 04 3397 3.1 4.59kmn 0.1 41.76"% 1.1
30 696 03 33.41% 25 467™Pd 02 4187M% 10
0.75 10 6.39 04 2849 2.9  4.40dfE 0.2 40.80%™ 1.7
20 737 02 35804 2.9 4244 0.2 43.01¢m 13
30 8.00" 0.3  43.68% 33 4.02° 02 45.89° 13
2 10 425 03 1796 24 495" 0.1 39.20°% 11
20 6.39 02 29.95 2.6  4.43°0E 02 42.09"k 12
30 727¢ 03 34.61F 2.5 437%%Ch 02 4246 13

Superscript letters show statistically homogeneous subgroups (Tukey HSD test, «=0.05)

E elasticity, HV Vickers hardness, Cr creep, We/Wtot elastic—plastic deformation
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Table 3 Luting composite, ceramic thickness, curing time, modulus of elasticity, Vickers hardness, creep, and elastic—plastic deformation for the

ceramic type of IPS Empress® CAD

Composite Ceramic thickness (mm) Curing time (s) FE HV Cr We/Wtot
Mean SD  Mean SD  Mean SD  Mean SD
Variolink 1I Reference without ceramic 10 10.68P% 0.4  42.98° 3.0 4.63Kme 01 37.20° 1.0
20 1122% 05 488695 38 428 0.1 38.91°¢ 1.1
30 11070 0.5 48219 32  434%%fh o1 3860%° 0.7
0.75 10 10.95% 0.6 47.05% 6.1  4.27bcde 02 39.19°%dF 2
20 11.29% 04 50.86™ 45 4.19%° 02 40.03%%f 16
30 11.40" 0.6 54.14% 3.0 4.10% 02 41.26% 1.1
2 10 951° 0.6 37.65™ 3.8 474™0rds o] 37.19° 1.4
20 1122 04 5007 4.6 4.21™ 02 39.70°df 17
30 1133 03 4930™W 26 4.285df 0.1  39.00%% 0.7
Variolink Veneer = Reference without ceramic 10 3.53¢ 03 16.52% 1.9  4.77M"°Pas (02 45.43"°P 1.9
20 3.74% 0.6 17.60° 3.1 4.9 02  45.55°° 3.9
30 447" 04 2018% 26 500" 0.2 43770 13
0.75 10 2.85° 04 12.52% 23 4qomuopar 0 4314Km 1.1
20 425% 05 20538 37 491 0.2 45.25"%P 1.8
30 443%" 05 22020 43 4859w 0.2 45.08° 2.1
2 10 214 03 977 21 480t 02 4382 1.6
20 3.61°% 05 17.74°% 38 478%Pdst 02 4576 3.0
30 436 04 2181" 3.4 4.90°" 02 45.76%° 1.9
RelyX Veneer Reference without ceramic 10 6.30 03 2811 33 453N 02 40.56%%E 24
20 7.068 04 3397 3.1 4.59ikimn 0.1 41.76"k 1.1
30 6965 03 33.41" 2.5 4.67™w0rd 02 41870k 1.0
0.75 10 6.50/ 04 2892 24 4.68M0Pd 01 40.03°% 09
20 7.50™ 02 3584 2.5  4.59ikm 02  41.88Mik 1.6
30 7.87™ 04  39.92™ 3.9  4.49¢hikl 0.1 42.64%m 1.4
2 10 5.09' 0.7 22.09" 3.8 4.82P98 02 3940l o g
20 4018 1.1 30.70Y 3.7 4.64KmP 03 535 4.4
30 6.40’ 24 35654 3.8 4.11% 0.5 48.18¢ 29

Superscript letters show statistically homogeneous subgroups (Tukey HSD test, «=0.05)

E elasticity, HV Vickers hardness, Cr creep, We/Wtot elastic—plastic deformation

Variolink II exhibited the highest HV, E values and the
lowest Cr and We/Wtot values followed by RelyX Veneer
and then Variolink Veneer (p<0.05).

Luting resin type, curing time and ceramic thickness
showed a significant effect on the microhardness of the
luting resins (Table 4). The effect of luting resin type on the
HV values of the luting resins was the highest followed by
curing time and ceramic thickness (Table 4).

Ceramic type expressed the lowest effect on the HV values
of the luting resins (Table 4). The two light-cured luting
resins polymerized through IPS e.max Press and IPS
Empress®CAD ceramics of 2 mm in thickness for 20 and
30 s showed no significant differences in HV values (p>
0.05), which were significantly higher than HV values of the
light-cured luting resins cured for 10 s under ceramics. The
dual-cured luting resin polymerized through IPS e.max Press

and IPS Empress® CAD ceramics of 0.75 mm in thickness
for 20 and 30 s showed comparable HV values (»p>0.05).

Luting resin type showed the highest effect on E and
Cr values of the luting resins followed by curing time and
ceramic thickness (Table 4). Ceramic type showed no
significant effect on £ and Cr values of the luting resins
(»p>0.05).

The effect of filler loading (%vol and %wt) of the luting
resins on the micromechanical properties is presented in
Table 4. Filler loading of the luting resins showed the
highest effect on E values followed by HV, We/Wtot, and
Cr values.

Ceramic thickness showed no significant effect on We/
Wtot values of the luting resins (p>0.05). Composite type
showed the highest effect on We/Wtot values of the luting
resins followed by curing time and ceramic type (Table 4).
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Table 4 The effect of included

parameters on the microme- Parameters

Micromechanical properties Eta-squared values

chanical properties with eta-

squared values Composite type

Vol%

Wit%

Curing time

Ceramic type

The higher the eta-squared val-
ue, the stronger the effect of the
independent parameters on the
measured micromechanical
properties

Ceramic thickness

# Statistically no significant effect

HV 0.894
E 0.956
Cr 0.345
We/Wtot 0.511
HV 0.841
E 0.862
Cr 0.510
We/Wtot 0.546
HV 0.874
E 0.937
Cr 0.463
We/Wtot 0.602
HV 0.467
E 0.429
Cr 0.052
We/Wtot 0.157
HV 0.006
E* -

cr? -

We/Wtot 0.017
HV 0.248
E 0.354
Cr 0.045
We/Wtot* -

(>0.05)

Discussion

The present study analyzed the micromechanical properties
of two light-cured and one dual-cured composite luting
resins to evaluate whether light-cured luting resins perform
similar to dual-cured luting resins when polymerized under
ceramics by considering the effect of luting resin type,
curing time, ceramic type and ceramic thickness. All these
effects were expressed in terms of E, HV, Cr, and We/Wtot
measured on thin luting resins.

The mechanical properties of a material can be a factor
when the material is in clinical service [31]. Surface
hardness is a parameter frequently used to evaluate material
surface resistance to plastic deformation by penetration
[32]. The Vickers hardness (HV) value in this study is the
result of the described measurement procedure by applying
a load of 0.4 to 30 mN and measuring simultaneously the
indentation depth. The indentation modulus was calculated
from the slope of the tangent of indentation depth-curve at
maximum force. The mechanical work (Wtot) indicated
during the indentation procedure is only partly consumed as
plastic deformation work (Wplast). During the removal of
the test force the remaining part was set free as work of the
elastic reverse deformation (We). According to the defini-
tion of the mechanical work as W = [Fdh (F = load; h =

@ Springer

indentation depth) and with consideration of the force
variation during load and discharge, the total mechanical
work and its components are calculated. The elastic—plastic
deformation was expressed in our study in percentage as
We/Wtot. Furthermore, when a material subjected to a
constant load (in this study 30 mN for 5 s), it generally
expresses a time-dependent increase in strain. This phe-
nomenon is known as creep (Cr), a term which is used to
describe the tendency of a solid material to slowly deform
permanently to relieve stresses. Therefore, optimal resin
cements should exhibit increases in HV and E values as
well as decreases in Cr values. In this study, compared to
the light-cured Iuting resins, the dual-cured luting resin
showed higher £ and HV values and lower Cr and We/Wtot
values for all the given parameters by a direct application of
the curing unit on the specimen surface.

The chemical composition of a luting resin may clinically
influence the aesthetic outcomes, especially when the luting
resin is used with thin translucent veneer ceramics [33]. The
base paste of Variolink II contains both aliphatic amine and
aromatic tertiary amine and the catalyst paste contains
benzoyl peroxide. The color changes of dual-cured luting
resin are mainly caused by the oxidization of the amine,
which is a necessary component of the polymerization
initiation system maintaining by the catalyst paste [34].
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Therefore, in the anterior region of the dental arch, where
aesthetics is the most important factor, dentists prefer light-
cured resins when luting the ceramic restorations. In this
study, hardness and modulus of elasticity of dual-cured luting
resin were significantly higher than light-cured luting resins
for all the groups. However, it is still undetermined whether
the mechanical properties of the luting resin correlate with
their clinical performance [35]. Moreover, in addition to use
of an inappropriate luting resin, there are some other factors
implicated reducing the long term success of a restoration
such as unfavorable occlusion and articulation, excessive loss
of dental tissue, unprepared teeth and partial adhesion to large
exposed dentin surfaces [21]. Aykor & Ozel reported that 300
porcelain laminate veneers, which were luted with a light-
cured luting resin, exhibited successful performance after
5 years of clinical service [36].

In this study, Variolink II showed the highest £ and HV
values and the lowest Cr and We/Wtot values followed by
RelyX Veneer and Variolink Veneer. According to the results
of this study, significant correlation was found between the
filler loading (%vol and %wt) and the micromechanical
properties of the luting resin. The higher the filler loading of
the luting resin, the higher the £ and HV values and the lower
the We/Wtot and Cr values (Tables 2, 3, and 4). Therefore,
the mechanical properties of the light-cured luting resin can
be improved by increasing the filler loading of the material.
On the other hand, the viscosity will increase as well, thus
limiting the thickness of the luting resin.

The results of this study showed that curing time had a
significant effect on HV, E, Cr, and We/Wtot values. The
curing unit selected in this study was a LED unit with a high
irradiance (1,200 mW/cm?). With this high irradiance,
mechanical properties of the material were increased for all
the groups, when curing time was increased from 10 to 20 s.
No significant difference was found between 20 and 30 s for
the mechanical properties of dual-cured luting resin. These
results showed that in addition to chemical catalyst-base
reaction, the effect of light activated polymerization reaction
on mechanical properties is limited in dual-cured luting
resins. Ilie and Hickel [22] found that the role of light
activation in the dual-cured composite Variolink II cannot be
neglected; however an unrestricted increase in irradiation will
not be able to accelerate the polymerization process.

In the present study statistically significant differences
were found between E and HV values of the two light-
cured luting resins polymerized under lithium disilicate
ceramics of 0.75 and 2 mm in thicknesses at all exposure
times. When curing time was increased, £ and HV values
of the materials also increased. However, this increase in £
and HV values between the exposure times from 20 to 30 s
was relatively minor, when comparing to the differences
from 10 to 20 s. There were no significant differences
between Cr and We/Wtot values of the light-cured luting

resins polymerized under lithium disilicate ceramics at the
exposure times of 20 and 30 s (Table 2). This means that at
least 20 s of curing time is necessary to maintain an
adequate polymerization of these light-cured luting resins
when curing with units of similar output to the curing light
used in this study.

There were no significant differences between the mechan-
ical properties of the two light-cured luting resins polymerized
under the leucite-reinforced glass ceramic of 0.75 mm in
thickness at the exposure times of 20 and 30 s (Table 3).
However, significant differences were found between the
mechanical properties of the two light-cured luting resins
polymerized under the leucite-reinforced glass ceramic of
2 mm in thickness at all exposure times. These differences
among the curing times are also related to ceramic type and
ceramic thickness for the light curing luting resins.

In this study, ceramic type and ceramic thickness
exhibited a significant effect on HV and We/Wtot.
However, when ceramic thickness showed significant effect
on E and Cr values, ceramic type did not reveal any
significant effect on £ and Cr values. Furthermore, the
effect of ceramic type on HV and We/Wtot values was
extremely low (Table 4). Borges et al. evaluated the effect
of different kind of ceramic types at 1.2 mm in thickness on
surface hardness and found significant differences between
leucite-reinforced glass ceramic and lithium glass ceramic
[9]. On the other side, Pazin et al. found no significant
differences between dual- and light-cured luting resin
specimens under leucite-reinforced glass ceramic of
0.7 mm in thickness [11]. This means that ceramic type
may be a factor that influences the properties of underlying
luting resins at the certainly limited thicknesses.

The present study is limited to use just two ceramics,
three luting resins and just three exposure times of 10, 20,
and 30 s according to the manufacturer's instructions.
Furthermore, no long term measurement was performed
by assessing the behavior of the tested materials after aging.
Therefore, further researches should be conducted consid-
ering the above mentioned limitations.

Conclusions

Within the limitation of this study, following conclusions
may be addressed:

1. Luting resin type has a significant effect on the micro-
mechanical properties of the luting resins.

2. The dual-cured luting resin, Variolink II, expresses
better performance compared to the light-cured luting
resins, RelyX Veneer and Variolink Veneer.

3. Curing time has a significant effect on the mechanical
properties of the luting resins. At least 20 s of curing
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time is necessary for the luting resins used in this
study.

4. Ceramic thickness affects the mechanical properties of
the luting resin. However, this effect is not as efficient
as the effect of luting resin type and curing time.

5. Ceramic type has an influence only on HV and We/
Wtot in this study. However this effect is very small
when comparing with the effects of Iuting resin type,
curing time and ceramic thickness.
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