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AbstrAct

Background: To check the influence of different All-ceramic 
systems on the polymerization of a dual-cured resin cement, 
evaluated immediately and 24 hours after curing cycle.

Materials and Methods: A total of 80 resin cement disc 
specimens (n = 20) were fabricated by polymerization through 
lithium disilicate disks (group B), leucite-reinforced disks 
(group C), zirconia disks (group D) and without an intervening 
ceramic disk (group A). Each group further consisted of two 
sub-groups (n = 10), t 30 and t 60 according to two different 
exposure times of 30 seconds and 60 seconds, respectively. 
Each of the 80 resin disk specimens was evaluated for 
microhardness (VHN) immediately and after 24 hours, giving us 
a total of 160 readings. One way analysis of variance (ANOVA) 
test was used for multiple group comparisons followed by 
Tukey’s post-hoc for group-wise comparisons.

Results: Direct activation (group A) of the resin cement showed 
statistically significant higher mean microhardness values as 
compared to the experimental groups (groups B, C and D), both 
immediately and after 24 hours. The mean microhardness for 
immediate post-activation was always inferior to the 24 hours 
post-activation test for both direct activation and through 
different ceramics. For immediate testing time, of both the 
30 seconds and 60 seconds curing cycle, there was a significant 
increase in the microhardness of the resin cement disks cured 
for 60 seconds through the different ceramics (groups B, C 
and D) and direct light activation (group A). For the 24 hours 
testing time, of both the 30 seconds and 60 seconds curing 
cycle, there was a significant increase in the microhardness 
of the resin cement disks cured for 60 seconds through the 
different ceramics except for the direct light-activation group.

Conclusion: Ceramic composition affected the polymerization 
of dual-cured resin cements. Doubling the light irradiation time 
significantly increased mean microhardness value. Greater 
degree of conversion leading to an increase in hardness was 
observed when the resin cement disks were evaluated after 
24 hours.
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INtrODUctION

Over the past decade an increasingly high demand for 

esthetically pleasing restorations has driven the devel-

opment of different all-ceramic systems. Glass-based 

systems with fillers like lithium disilicate and leucite 
reinforced ceramics have a potential application in an-

terior restorations due to excellent esthetics, chemical 
snertness and a variety of unique physical properties, 
such as strength, machinability, transparency and thermal 
shock resistance.1 Partially stabilized zirconia due to its 
unsurpassed mechanical properties is the strongest and 
toughest ceramic material2 and hence, has the potential to 
be used as a reliable, multiunit all-ceramic restorations for 
high-stress areas, such as posterior region of the mouth.3

Resin-based composite bonding and luting technology 
is considered an inherent part of the state of the art all-

ceramic restorations.
4 Their ability to adhere to multiple 

substrates, high strength, insolubility in oral environment 
and shade matching potential have made resin cements 

the adhesives of choice.
5

All-ceramic restorations do not have the underlying 
metal support unlike porcelain-fused-to-metal (PFM) 
restorations. Therefore, the underlying cement/tooth 
combination should provide the support for these brittle 
materials during loading.4 Within the literature,6-8

 a 

number of mechanisms have been proposed to explain 
the apparent strengthening of all-ceramic restorations 
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cemented with resin luting agents. Marquis has reported 
a crack healing mechanism, wherein the resin cement 
partially or fully infiltrates the surface defect, thereby 
reducing the effective crack length and, hence, the stress 
intensity at the crack tip.9 This leads to an increase in 

the fracture toughness of all-ceramic restorations. By 
virtue of a strong bond and increase in ceramic fracture 
toughness, resin-based cements play an important role 
in the stability, clinical performance and longevity of 
ceramic restorations. 

Dual-cure resin luting agents were developed in an 
attempt to combine the desirable properties of self-cure 
and light-cure resin cements. The chemical polymerizing 
component is expected to ensure complete polymerization 
at the bottom of deep cavities, whereas photo-activation 
allows immediate finishing after exposure to the curing 
light.

10

Although these materials undergo a dual polymeriza-

tion mode, many studies have shown that the self-curing 
mechanism of some dual-cured cements is inadequate.11,12

 

and a sufficient amount of light is needed to start the 
process of poymerization.

13 If a dual cured resin mate-

rial does not receive sufficient number of photons at the 
correct wavelength, the amount of polymerization and 
degree of conversion (DC) will be inadequate, compro-

mising the retention of the prosthesis.
14

The amount of light passing through ceramics from 
different manufacturers varies depending upon their 
crystal content and composition.

15 More light is expected 
to be attenuated by crystalline ceramics as they are 
opaque.16

The exposure times recommended by the manufac-

turer for photocuring the dual cure roughly correspond 
to the time needed to achieve maximum hardness of resin 
cements directly exposed to light.17 But the compensation 
for the attenuation of light by different ceramic materials 
is not considered. Strydom

18
 has indicated that irradiation 

times used by dentists for light-polymerizing cements are 
too short. Longer polymerization times are necessary to 

compensate for the decrease in light intensity incident 

upon the resin adhesive due to both the overlying ceramic 
material and light source factors in order to achieve an 
adequate degree of polymerization.

Therefore, this study was undertaken to check if a 
higher DC of resin cement could be obtained by increas-

ing the exposure time than that recommended by the 
manufacturer in order to compensate for the attenuated 
light due to the overlying all-ceramic restoration.17

 

MATERIALS AND METHODS

Fabrication of Ceramic Specimens (Table 1)

Leucite reinforced (IPs Empress), lithium disilicate (IPs 
Emax) and zirconia (Cercon) disks of 8 mm in diameter 
and final thickness of 1.2 mm as measured on a digital 
vernier caliper were obtained. 

IPS Empress esthetic ingot for staining technique 
(shade ETC 1) was pressed and stain fired with IPS 
Empress Universal Stains (A3) and glazed to obtain the 
leucite reinforced disk. 

An ingot of IPS e.max of shade MO 1 was pressed 
and a core thickness of 0.7 mm thickness was obtained. 
Porcelain Emax Ceram shade dentin A3 was applied and 
fired to obtain the lithium disilicate disk. The disk was 
ground to obtain a total thickness of 1.2 mm and was 
subjected to finishing and glaze firing (Fig. 1).

To fabricate the zirconia disc, a wax pattern which 
was 0.4 mm in thickness and 8 mm in diameter was ob-

tained. Cercon brain unit was used for scanning the wax 
pattern. Milling of a base blank of pre-sintered zirconia 
followed by sintering to a fully dense structure was done. 
IPS e.max Ceram, shade dentin A3 was layered and fired, 
the disc was then finished and glazed to obtain a final 
disc thickness of 1.2 mm.

Fig. 1: Lithium disilicate disk after layering showing 

thickness of 1.2 mm

Table 1: Materials, brand names, manufacturers, composition and batch number of different ceramics used

Materials Brand name Manufacturer Composition Batch number
Leucite ceramic IPS empress Ivoclar-vivadent, schaan, 

liechtenstein
SiO2, Al2O3, K2O, Na2O, CeO2 
B2O, CaO, BaO, TiO2

M34776

Lithium disilicate ceramic IPS e.max Ivoclar-vivadent, schaan, 
liechtenstein

SiO2, Al2O3, La2O3, MgO, ZnO 
K2O, Li2O, P2O5

N18623

Zirconia ceramic Cercon DeguDent, Hanau, Germany ZrO2, Y2O3, HfO3, SiO2, Al2O3 20018669
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Resin Cement (Variolink N)

Variolink N resin luting agent, transparent shade was 
used. The monomer matrix of Variolink N is composed 
of Bis-GMA, urethane dimethacrylate, and triethylene 
glycol dimethacrylate. The inorganic fillers are barium 
glass, ytterbium trifluoride, Ba-Al-fluorosilicate glass, and 
spheroid mixed oxide. Additional contents are catalysts, 
stabilizers and pigments. The particle size is 0.04 to 

3.0 μm. The mean particle size is 0.7 μm. It is provided 

with two paste systems with the base paste containing 

camphoroquinone, both aliphatic amine and aromatic 
tertiary amine, and the catalyst paste containing benzoyl 
peroxide.27,41 The recommended light curing duration is 
30 seconds.

Light Curing Unit (Bluephase)

A light emitting diode (Bluephase, Ivoclar-Vivadent, 
Schaan, Liechtenstein) with an irradiance of 643 mW/cm2

 

(Fig. 2) and a diameter of 9 mm at the curing tip was used.

Fabrication of Elastomeric Mold

A metal cylinder (5 mm in diameter and 1 mm thick) was 
secured onto a glass slab. An impression of this metal cyl-
inder was made in polyvinyl siloxane impression material 
creating an elastomeric mold with a centered aperture of 
the same dimension as the metal cylinder. The purpose 
of using a dark orange colored impression material was 
to impede light transmittance through it, allowing the 
luting agent to be exposed to the polymerization light 
solely from above.

Methodology

The base and a low viscosity catalyst paste of the Variolink 
N resin cement were mixed in a 1:1 ratio according 
to manufacturer’s instructions and inserted into the 

cylindrical elastomeric mold. A transparent Mylar’s strip 
was then placed over the filled orifice. The resin cement 
was activated by a light emitting diode with an irradiance 

of 643 mW/cm2. The light intensity was measured with a 
hand-held radiometer. Four experimental groups (n = 20) 
were formed, which together consisted of 80 resin cement 
disk (N = 80) specimens (Flow Chart 1).
• Group A: Control group (without an intervening 

ceramic disk).
• Group B: Resin cement disks cured through lithium 

disilicate disk.
• Group C: Resin cement disks cured through leucite-

reinforced disk.
Group D: Resin cement disks cured through zirconia.
The control group specimens were obtained by direct 

activation, i.e. without interposing any ceramic disk 
in-between the resin cement and the light source. The 
wand tip of light curing unit was held in contact with 
the Mylar’s strip (Fig. 3).

To obtain the Experimental group (groups B, C, D) 
specimens, one of the three ceramic disks was placed on 
the strip. During photo-activation, the wand tip of light 
curing unit was held in contact with the ceramic disc.

Each group further consisted of two subgroups (n = 10), 
t30 and t60 according to two different exposure times of 
30 seconds and 60 seconds respectively.

Fig. 2: Radiometer showing the light intensity

Fig. 3: Schematic diagram of the experimental set-up to irradiate 

specimens through machinable ceramic

Fig. 4: Resin cement disk specimens
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Each of the 80 resin disk specimens (Fig. 4) was 
evaluated for microhardness (VHN) immediately (within 
10 minutes) and after 24 hours, giving us a total of 
160 readings. In the 24-hour post-cure time, the specimens 
were stored in lightproof containers at 37°C for 24 hours 
and were then evaluated by microhardness testing for 
degree of polymerization.

Surface Hardness Measurement

Degree of conversion (DC) of resin cement specimens 
was expressed in terms of Vickers hardness number 
(VHN), using a universal indenter tester with a Vickers 
hardness indenter. 

Vickers hardness number is a measure of the hardness 
of the material. It is calculated from the size of an imp-
ression produced under a specified load for a specified 
length of time by a pyramid-shaped diamond indenter.

To perform the Vickers test, the resin cement disk 
was placed on an anvil that had a screw threaded base. 

The anvil was turned and raised by the screw threads 
until it was close to the point of the indenter (Fig. 5). The 
surface of the resin cement disk facing the light source 
was subjected to a static load of 50 gm for 15 seconds by 

means of a diamond indenter. The load was released and 

the anvil with the specimen was lowered. The applying 

of load and removing it was automatically controlled.
The indenter employed in the Vickers test was a 

square-based pyramid whose opposite sides met the apex 
at an angle of 136°. A calibrated microscope was used to 
measure the square indentation to a tolerance of ± 1/1000 
of a millimeter. The two diagonals of the indentation left 

in the surface of the resin cement disk after removal of 
the load were measured using a calibrated microscope 
at 40× magnification (Fig. 6) and their average calculated. 
The area of the sloping surface of the indentation was 
calculated. The Vickers hardness is the quotient obtained 
by dividing the load by the square mm area of the 
indentation.

The Vickers hardness was calculated using the 
formula, H = P/A, where H is Vickers hardness number, 
P is load and A is area.

STATISTICAL ANALySIS

The data were continuous type hence, parametric tests 
were used for analysis. Mean and standard deviation 
(SD) were calculated. Paired sample t-test was used for 
comparison and one way analysis of variance (ANOVA) 
test was used for multiple group comparisons followed by 
Tukey’s post hoc for group wise comparisons. Statistical 
analysis was done with SPSS (version 17) USA.

RESULTS

The results of the microhardness testing are shown 
in Tables 2 and 3 and Graphs 1 and 2. Tables 2 and 3 

indicate the mean and standard deviation of VHN for 
each group after 30 seconds and 60 seconds of curing 
time respectively. The ceramic composition and also the 

post-activation testing time affected the microhardness 

of the resin cement. Direct activation (group A) of the 
resin cement showed statistically significant higher mean Fig. 5: Pyramid-shaped Vickers hardness indenter

Flow chart 1: Experimental groups

Fig. 6: Microscopic image of indentation at 40× magnification
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Table 2: Mean microhardness (VHN) values evaluated immediately and 24 hours after polymerization for 30 seconds curing cycle

Study groups
Microhardness [Mean (SD)] in VHN

Immediately 24 hours
Control group 29.13 (1.3813) 53.45 (1.9011)
Lithium disilicate 23.54 (1.4094) 29.18 (1.3479)
Leucite reinforced 25.19 (0.8858) 31.33 (0.8965)
Zirconia 16.675 (0.4094) 26.9 (0.5708)
ANOVA F-value 216.733 920.953
p-value 0.00, S 0.00, S
Tukey’s post-hoc text for pair-wise 
comparison

Significant difference between 
all the four groups immediately after curing

Significant difference between
all the four groups 24 hours after curing

S: Significant

Graph 1: Microhardness values (VHN) of groups A, B, C and D for 

subgroup t30, immediately and 24 hours after photopolymerization

Graph 2: Microhardness values (VHN) of groups A, B, C and D for 

subgroup t60, immediately and 24 hours after photopolymerization

Table 3: Mean microhardness (VHN) values evaluated immediately and 24 hours after polymerization for 60 seconds curing cycle

Study groups
Microhardness [Mean (SD)] in VHN

Immediately 24 hours
Control group 39.54 (0.932) 56.90 (0.668)
Lithium disilicate 29.44 (0.619) 38.12 (0.671)
Leucite reinforced 32.53 (0.590) 42.37 (0.739)
Zirconia 21.42 (0.517) 35.11 (0.597)
ANOVA F-value 1207.036 2067.223
p-value 0.000, S 0.000, S
Tukey’s post-hoc text for pairwise 
comparison

Significant difference between all the four 
groups immediately after curing

Significant difference between all the four 
groups 24 hours after curing

S: Significant

microhardness values as compared to the experimental 
groups (groups B, C and D), both immediately and 
after 24 hours. The mean microhardness for immediate 
post-activation was always inferior to the 24 hours post-
activation test for both direct activation and through 
different ceramics.

For immediate testing time, of both the 30 seconds 
and 60 seconds curing cycle (Table 4 and Graph 3), there 
was a significant increase in the microhardness of the 
resin cements discs cured for 60 seconds through the 
different ceramics (groups B, C and D) and direct light 
activation (groups A). Empress 2 was statistically inferior 

to the direct group; however, it was superior to E-max 
and Cercon groups with the latter giving the least values.

For the 24-hour testing time, of both the 30 and 
60 seconds curing cycle (Table 5 and Graph 4), there was 
a significant increase in the microhardness of the resin 
cement disks cured for 60 seconds through the different 
ceramics except for the direct light-activation group. The 

microhardness values were in the descending order of 
control group (group A) followed by Empress 2 (group C), 
then E-max (group B) and Cercon (group D).

There was a significant increase in the polymerization 
of all the groups including the control group when tested 
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immediately and after 24 hours for the 60 seconds curing 
cycle and for the 24-hour postactivation evaluation for 
both the 30 and 60 seconds curing cycle.

DIscUssION

In the present study, leucite-reinforced, lithum disili-
acte and zirconia-based ceramics were selected. The 

glass ceramic disks were heat pressed and zirconia 
disk was fabricated using CAD/CAM technique. The 
choice of ceramic systems and their fabrication tech-

nique used in this study was influenced by the recent 
trends (Table 1).

The degree of conversion of the resin matrix has 
a direct influence on the mechanical properties of 
the resinous materials.19

 Degree of conversion is the 

percentage of double bonds that have been converted to 
single bonds to form the cross-linked polymeric resin. 
Several studies have demonstrated that the degree of 
monomer conversion determines the surface hardness 
and wear resistance of the resin materials.

10,20

Various direct and indirect methods are applied to 
evaluate the DC of resin cements. Although FTIR19,21

 or 

laser Raman spectroscopy
22

 are the most sensitive types 

of direct methods, they, however, are very expensive 
and time consuming.23 The various common types of 
indirect methods are depth of cure15

 and microhardness 

testing.
16,24

 These indirect methods are not only economic 

but were easy to perform and exhibited differences be-

tween different exposure situations.10 In a study conduct-
ed by Rueggeberg et al,25,26 it was observed that surface 
hardness measurements showed results similar to FTIR 
spectroscopy. Therefore, in the present study, indentation 
testing (VHN) was used to check the microhardness of 
the dual-cured resin cement.

Albeit, the resin cement is directly cured, it shows 
55 to 75% of DC. But when cured indirectly through the 
ceramic prosthesis, the composition, opacity, thickness 
and shade of the ceramic will attenuate the intensity of 
light

27,28 and reduce the number of photons that reach 
the resin cement. The corollary is a low DC% leading to 
inferior physicomechanical properties and consequently, 
the prognosis of the indirect restorations could suffer.

There is a wide variation in the composition and 

crystal content of ceramics from different manufacturers, 
which may impact the quantity of photons that passes 
through them for activation of the resin cement.15 Hence, 
in this study, frequently used ceramic systems of different 
compositions and crystallinity (Table 1) were tested and 
a comparison has been made between direct activation 

and indirect activation of resin cement.

To provide a satisfactory polymerization where 

curing light is attenuated by the ceramic restoration, the 
manufacturers must increase the concentration of tertiary 
amine. This, however, will have the undesirable effect of 
making the materials less color stable. Further work is 
necessary to develop the appropriate balance between 

rate and efficiency of cure, and color stability. Strydom18
 

has indicated that irradiation times used by dentists 
for light-polymerizing cements are too short. Longer 

polymerization times are necessary to offset decreases 

in light intensity incident upon the resin adhesive due 
to both the overlying ceramic material and light source 
factors in order to achieve an adequate DC. Therefore, 
in this study, it has been tried to increase the efficiency 
of cure by increasing the light exposure time from 
manufacturer’s recommended 30 seconds to 60 seconds 
in order to elevate the quantity of photons that reach the 
cement and to improve the DC.

The results of the current study showed lower hard-

ness values for immediate and 24 hours testing time 

after 30 seconds of indirect light exposure (Table 2 and 

Graph 3: Microhardness values (VHN) of groups A, B, C and D 

for subgroup t30 and t60, immediately after photopolymerization

Table 4: Effect of different exposure times on microhardness (VHN) of dual-cured resin cement immediately after curing

Study groups
Curing time

Independent sample test t-value p-value30 seconds 60 seconds
Control groups 29.13 (1.3813) 39.54 (0.932) – 19.754 0.000, S
Lithium disilicate 23.54 (1.4094) 29.44 (0.619) – 12.119 0.000, S
Leucite reinforced 25.19 (0.8858) 32.53 (0.590) – 21.800 0.000, S
Zirconia 16.27 (0.4094) 21.42 (0.517) – 21.950 0.000, S

S: Significant
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Graph 1) through the ceramic disks as compared to the 
60 seconds curing cycle (Table 3 and Graph 2). This 

depicts deficient polymerization of resin cement after 
30 seconds curing time, which could negatively affect 
its physical and mechanical properties. Since it has been 

proven that even well polymerized resin cements can 

release residual monomers, it could assumed that poorly 
polymerized resin cements would elute more substances 
from them. These substances can lead to the irritation of 
pulp and soft tissues, stimulate proliferation of bacteria 
and also cause allergic reactions. This indicates that the 
curing protocol has a critical effect on the hardness and is 
major clinical factor influencing the clinical performance 
of resin-based cement.

29 Therefore, it could be concluded 
that the manufacturer’s recommended 30 seconds curing 
protocol may not be enough to achieve satisfactory hard-

ness and DC of resin cement.
In a clinical situation, it is important to know the 

immediate hardness after the initial cure of resin ce-
ment. This is critical for the initial management of the 

restoration, such as finishing and occlusal adjustments. 
Therefore, this study has evaluated initial and final 
hardness by measuring VHN immediately and after 
24 hours.

In the present study, the immediate testing time 
(Table 4 and Graph 3) showed lower hardness values 
than the 24 hours testing time (Table 5 and Graph 4) for 

both 30 and 60 seconds curing times. These results are in 
accordance with a study conducted by Valentino et al in 
2010.

30 With this, one can be suspicious of the prosthesis 
being unstable immediately after cementation and could 
be dislocated by the chewing process. Thus during 
cementation procedure, it is recommended to follow a 
clinical protocol that includes additional time to allow for 
adequate polymerization. Moreover, the patients should 
be advised to avoid biting on hard foodstuff for atleast 
the next 24 hours.30

The hardness obtained by the resin cement when used 
under the ceramic discs was less than that of the controls 
that were directly exposed to light for both 30 and 60 
seconds testing times, immediately and after 24 hours 
(Table 2, Graph 1 and Table 3, Graph 2). These findings 
confirm that indirect activation through the ceramic discs 
decrease the amount of light reaching the luting material, 
which needs to be compensated for, by increasing the 
curing cycle timings.

For the 24 hours testing time, of both the 30 seconds 
and 60 seconds curing cycle (Table 5, Graph 4), there was 
a significant increase in the microhardness of the resin 
cement discs cured for 60 seconds through the different 
ceramics except for the direct light-activation group. 
The control group did not show stastically significant 
difference in the 24 hours testing time between 30 and 
60 seconds curing cycle (Graph 5). This justifies the 

Table 5: Effect of different exposure times on microhardness (VHN) of dual-cured resin cement 24 hours after curing

Study groups
Curing time

Independent sample t-test t-value p-value30 seconds 60 Seconds
Control groups 53.45 (1.9011) 56.90 (0.668) – 5.414 0.000, S
Lithium disilicate 29.18 (1.3479) 38.12 (0.671) – 18.772 0.000, S
Leucite reinforced 31.33 (0.8965) 42.37 (0.739) – 30.034 0.000, S
Zirconia 26.9 (0.5708) 35.11 (0.597) – 31.428 0.000, S

S: Significant

Graph 4: Microhardness values (VHN) of groups A, B, C and D 

for subgroup t30 and t60, 24 hours after photopolymerization 

Graph 5: Microhardness values (VHN) of group A, for subgroup 

t30 and t60, immediately and 24 hours after photopolymerization
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previous studies which have claimed that when resin 
based cements are polymerized in a dual mode, the faster 
reaction promoted by the light activation hinders the 

chemical component of polymerization.

Meng et al31 (2008) showed that even under irradiation 
by light of low intensity, dual-cure resin cements still had 
a large number of free radicals, mostly from the trapped 
chemical catalysts in the hardening resin matrix, which 
did not increase the overall DC% of materials. 

Considering findings of Meng et al31 (2008) and the 
above discussion, it is fair to speculate that the chemical 
component of the resin cement contributed sparsely to the 
overall polymerization after dual activation through the 
different ceramic disks. Hence, a significant chemically 
induced continuation of the polymerization process 
after light initiation is difficult to achieve. Therefore, the 
duration of inhibition and the level of initial conversion 
caused by the light exposure are highly influential factors 
upon the final cure of a dual-cured resin.26

Overall, the hardness value for indirect activation 
for both curing protocols were less compared to control 
group which could be explained by the deficiency of 
chemical cure component of Variolink N cement used 
in this study. This finding emphasizes on the fact that 
material choice has to be optimized taking into account 
the curing characteristics of the cement.

The results of the current study report different VHN 
values of resin cement when cured under different ceram-

ics. This suggests that the type (composition) of ceramic 
influences the degree of polymerization. In general, the 
results show that the VHN for leucite-reinforced is greater 
than lithium disilicate followed by zirconia (Tables 3 and 4, 
Graphs 1 and 2). As the crystalline content increases, 
translucency decreases and the polycrystalline ceramics 
like zirconia appear opaque and are expected to attenu-

ate more light.

The polymerization of dual-cured resin cement 
depends upon the light-activation element as well as the 
quantity and efficiency of the chemical component.17

 The 

self-curing chemical component can play an important 
role in polymerization, especially in areas that are inac-

cessible to curing light.12 The behavior of the cement used 
in this study seems to depend more on light activation. 
Therefore, in an effort to try to maximize the DC as much 
as possible, increased light curing cycle times may be 
recommended.

The thickness of the ceramics used in the current 
study was 1.2 mm, designed to be as close as possible to 
that used clinically. It has been reported that, when the 
thickness of restorative materials was increased, the DC 
and final hardness of most dual-cure resin cements were 

reduced.27 In addition to the thickness of the restorative 
material, light transmission properties of the material may 
result in inadequate polymerization. Light attenuation 
may affect the polymerization of resin cements used 
with opaque and even translucent restorative materials.

Although the conversion as demonstrated by the 
hardness values was good, it still remains that the luting 
agents tested required 24 hours to reach their maximum 
cure. Light curing had a marked effect in the initial 
10 minutes, but after this period all groups advanced, in 
terms of hardness, at very similar rates. This is a reflection 
of the polymerization kinetics being the same whether 
the free radicals are provided by photo-initiation or 

chemical reaction.

LIMITATIONS OF THE STUDy

In clinical situations, the microhardness may be affected 
by water absorption because resin cement is exposed 
to saliva after cementation. Also, the higher intraoral 
temperatures may have an influence on the kinetics of 
chemical reaction. The in vitro nature of the study does not 
replicate the intraoral conditions. Hence, further in vivo 

investigations need to be carried out.
It should also be noted that different brands of 

dual-cured resin cements have different ratios of light/
chemical catalysts; this may result in differences of 
polymerization efficiency in different commercial brands 
of dual-cured resin cement.11,32,33

CONCLUSION

Within the limitations of the study, it may be concluded 
as follows:
• Ceramic composition affected the polymerization of 

dual-cured resin cements.
• The VHN of the resin cement disks when irradiated 

through leucite-reinforced ceramic disk was reported 
to be greater than lithium disilicate disk, followed by 
zirconia disk, which showed the least values.

• Doubling the light irradiation time significantly 
increased mean microhardness value. Hence, dual- 
cured resin cements should always be photo activated 
for longer periods than recommended by the 

manufacturers, when intervening ceramic materials 
attenuate light.

• Greater DC leading to an increase in hardness was 
observed when the resin cement disks were evaluated 
after 24 hours.

• Indirect polymerization through ceramic disks 
showed lower VHN values of dual-cured resin cement 
as compared to direct activation.
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