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ABSTRACT
Aim: This study evaluated the effects of ceramic veneer 
thicknesses on the polymerization of two different resin 
cements. 

Materials and methods: A total of 80 ceramic veneer disks 
were fabricated by using a pressable ceramic material (e.max 
Press; Ivoclar Vivadent) from a Low Translucency (LT) ingot 
(A1 shade). These disks were divided into light-cured (LC; NX3 
Nexus LC; Kerr) and dual-cured (DC; NX3 Nexus DC; Kerr) and 
each group was further divided into four subgroups, based on 
ceramic disk thickness (0.3, 0.6, 0.9, and 1.2 mm). The values 
of Vickers microhardness (MH) and  degree of conversion 
(DOC) were obtained for each specimen after  a 24-hour 
storage period. Association between ceramic thickness, resin 
cement type, and light intensity readings (mW/cm2) with respect 
to microhardness and degree of conversion was statistically 
evaluated by using analysis of variance (ANOVA).

Results: For the DOC values, there was no significant difference 
observed among the LC resin cement subgroups, except in the 
1.2 mm subgroup; only the DOC value (14.0 ± 7.4%) of 1.2 mm 
DC resin cement had significantly difference from that value 
(28.9 ± 7.5%) of 1.2 mm LC resin cement (p < 0.05). For the MH 
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values between LC and DC resin cement groups, there was 
statistically significant difference (p < 0.05); overall, the MH 
values of LC resin cement groups demonstrated higher values 
than DC resin cement groups. On the other hands, among the 
DC resin cement subgroups, the MH values of 1.2 mm DC 
subgroup was significantly lower than the 0.3 mm and 0.6 mm 
subgroups (p < 0.05). However, among the LC subgroups, 
there was no statistically significant difference among them 
(p > 0.05).

Conclusion: The degree of conversion and hardness of the 
resin cement was unaffected with veneering thicknesses 
between 0.3 and 0.9 mm. However, the DC resin cement group 
resulted in a significantly lower DOC and MH values for the 
1.2 mm subgroup. 

Clinical Significance: While clinically adequate polymerization 
of LC resin cement can be achieved with a maximum 1.2 mm 
of porcelain veneer restoration, the increase of curing time or 
light intensity is clinically needed for DC resin cements at the 
thickness of more than 0.9 mm.   
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INTRODUCTION

The desire for improved esthetics has resulted in increased 
popularity and widespread use of ceramic restorations.1,2 
Ceramic restorations, such as veneers, inlays, onlays, and, 
crowns, have shown increased longevity when cemented 
with resin cements.2 Resin cements have made a great 
impact on dentistry due to their esthetic shade-matching 
potential, improved flexural and compressive strengths, 
superior retention, and fracture resistance.2-4
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There are three types of resin cements available 
to clinicians for cementing ceramic restorations. They 
are light-cured (LC), dual-cured (DC), and auto-cured 
resin cement. Unlike auto-cured resin cements, which 
are solely chemically-cured, LC and DC resin cements 
require adequate light for optimal polymerization.5-10 
Since the polymerization occurs through light activation, 
LC resin cements are directly affected by the thickness 
of the restoration.1,10 In contrast, DC resin cements start 
to polymerize once the base and catalyst are mixed. 
Although the amount of amine in the base is responsible 
for decreasing the setting time, DC resin cement is still 
slower in polymerization time than LC resin cements.11,12 
Dual-cured resin cements are, therefore, able to 
compensate for inadequate light transmission and may 
be more efficient at polymerizing with increased ceramic 
thicknesses.

Adequate polymerization is crucial in determining 
the life of resin bonded ceramic restorations. Incomplete 
polymerization of resin cement can lead to color 
instability, toxicity from residual monomer, decreased 
bond strength and postoperative sensitivity, leading to 
increased risk of microleakage and caries.13-16

In order to evaluate proper polymerization of resin 
cement, hardness testing is commonly used as a simple 
and reliable method.17-25 Microhardness (MH) is defined 
as the resistance of a material to indentation or penetration 
and has been used as a valid correlation with degree of 
polymerization, indicating that MH values increase as 
degree of polymerization increase.26,27 Another method 
used to evaluate polymerization is degree of conversion 
(DOC) by using infrared spectroscopy, also known as 
fourier transform infrared spectroscopy (FTIR).28-32 
This DOC value in dental resin cements represents 
the percentage of aliphatic carbon double bonds (C=C) 
converted to single bonds (C=C).

The thickness of the ceramic restoration has an 
effect on the polymerization of the resin cement.33-36 For 
instance, Lee et al33 have shown that ceramic thickness 
had a profound effect on light transmission and curing 
efficiency, compared to the ceramic shade. However, most 
of the studies did not indicate the thickness of porcelain 
veneer restorations, because porcelain veneer thickness 
is approximately 0.3 to 0.9 mm. Thus, the purpose of 
this study was to evaluate the effect of ceramic veneer 
thicknesses on the polymerization of two different resin 
cements, DC and LC. The hypothesis of the study was 
that there are no differences in MH and DOC between 
LC and DC resin cements.

MATERIALS AND METHODS

A total of 80 ceramic veneer disks (diameter, 7 mm) were 
fabricated by using pressable ceramic material (e.max 

Press; Ivoclar Vivadent) from a low translucency (LT) 
ingot (A1 shade). These disks were divided into DC and 
LC groups (Table 1) and each group was divided into four 
subgroups, based on the ceramic disk thickness (0.3, 0.6, 
0.9 and 1.2 mm). Table 2 shows the average thickness of 
each group. The light transmission value of each group 
of ceramic disks was measured with a hand-held LED 
radiometer (Demetron, Kerr) three times. In addition, 
an unobstructed light transmission value was recorded 
as the control. An average of the three readings were 
recorded as a light transmittance value (LTV) for each 
disk in mW/cm2 (Table 3).

Mylar strips (Alsip, GC America Inc.) were placed 
individually on the upper surface of each sample to 
ensure an even and smooth surface. They also provided 
isolation from the ceramic disk. Each resin cement disk 
was fabricated by two different polymerization modes; 
light-cured and dual-cured. Each resin cement specimen 
was polymerized through each of the prepared ceramic 
veneer disks for 15 seconds with an LED curing light 
(Demi Plus LED; Kerr) (Fig. 1). Then, each resin cement 
sample was stored into individualized dry containers 
for 24 hours at room temperature.16,20,26,28,30,31,33 After a 
24-hour storage period, the degree of conversion (DOC) 
was measured with a FTIR ATP spectroscopy device 
(Specac Silver Gate Evolution Single Reflection, Specac).  
Each specimen was placed on the surface of the zinc 
selenide pellet (Specac) in order to obtain the absorption 
spectra of the nonpolymerized and polymerized forms 
of the LC and DC resin cement specimens. A total of 64 

Table 1: Resin cements used in study

Resin 
Cement Manufacturer Monomer

LOT 
number

Resin 
shade

Nexus 3 
LC

Kerr, Orange, 
CA, USA

Bis-GMA and 
dimethacrylate

4691126 White

Nexus 3 
DC

Kerr, Orange, 
CA, USA

Bis-GMA and 
dimethacrylate

4711057 White

Fig. 1: Diagram of experimental setup
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scans at 4 cm–1 were obtained from the region between 
1500 and 1800 cm–1.29,30 Within this range, the aliphatic 
carbon double-bond (C=C) absorbance peak intensity 
(located at 1638 cm–1) and that of the aromatic component 
(located at 1608 cm–1; reference peak) were selected. Both 
of the peaks can be found in materials, which contain 
aromatic vinyl bonds of bisphenol and aliphatic bonds 
of the methacrylate functional group. 

The following formula29,30 was then used to calculate 
the DOC of each individual resin cement specimen:

DOC (%) = 100 [1 – (*R polymerized/*R
	     nonpolymerized)]
*R = the ratio between the absorbance peak at 	

	     1638 cm–1 and 1608 cm–1.
In addition, the values of MH were obtained by using 

Vickers MH tester (Kentron; Torsion Balance Co) at a 
20× magnification. Three indentations were created on 
the upper surface of the resin cement disks, which is the 
surface closest to the light source under a 300 gm load 
and 15 seconds of indentation time. In total, 240 MH 
readings (3 × 80 specimens) were recorded. An average 
of the three MH values were calculated. 

Two-way analysis of variance (ANOVA) models with 
interaction were used to compare DOC and MH of all four 
subgroups of DC and LC resin cement. The normality 
assumption was checked based on Kolmogorov-Smirnov 
test. Log transformation was performed for the MH 
data because the residuals of the two way ANOVA with 
their raw data did not satisfy the normality assumption. 
False discovery rate control was employed to adjust for 
multiple testing.

RESULTS

Table 4 lists the mean values and standard deviations of 
DOC (%) for LC and DC resin cement groups. Both LC 
and DC groups showed a decrease in DOC with increased 

ceramic thickness, indicating an increase in incomplete 
polymerization. Within the DC subgroups, the 1.2 mm 
DC resin cement subgroup showed significantly lower 
DOC when compared to 0.3, 0.6, and 0.9 mm subgroups 
(p < 0.05). However, there was no significant difference 
observed among the LC resin cement subgroups: 0.3, 0.6, 
0.9 and 1.2 mm. In addition, there was no statistically 
significant difference between LC and DC resin cement 
groups, except in the 1.2 mm subgroup where the DOC 
value (14.0 ± 7.4%) of the DC resin cement was significantly 
lower than the value (28.9 ± 7.5%) of the LC resin cement 
(p < 0.05).

Table 5 shows the mean values and standard 
deviations of MH for LC and DC resin cement groups. 
Between the LC and DC resin cement groups, there 
was a statistically significant difference in terms of MH 
(p < 0.05); overall, the MH values of the LC resin cement 
groups demonstrated higher values than the DC resin 
cement groups. Within the DC resin cement subgroups, 
the MH values of the 1.2 mm subgroup were significantly 
lower than the values of the 0.3 and 0.6 mm subgroups 
(p < 0.05). However, within the LC subgroups, there was 
no statistically significant difference among the ceramic 
disk thickness groups with respect to MH.

DISCUSSION

This study evaluated the effect of different porcelain 
veneer thicknesses on the polymerization of two different 
resin cements, one DC and one LC, by using the values 
of DOC (%) and MH. Since porcelain veneer thickness 
is approximately 0.3 to 0.9 mm, the result of this study 
can be clinically very important for veneer cementation 
procedures, compared with other studies which used  
very large thickness specimens of ceramics for resin 
cements. The hypothesis of this study was rejected 
because DC and LC resin cements showed significant 
difference in DOC for 1.2 mm and in MH for all porcelain 
veneer thicknesses.

A decreased DOC (%) and MH for the DC resin group 
with an increase of ceramic thicknesses is consistent 
with other studies.20,33-36 Meng et al20,34 demonstrated 
that ceramic thickness had a significant effect on 
hardness of DC resin cements, especially when ceramic 

Table 2: Average thickness (mm) of subgroups

LC.3 LC.6 LC.9 LC1.2 DC.3 DC.6 DC.9 DC1.2
0.301 0.616 0.945 1.199 0.308 0.598 0.963 1.197

Table 3: Average light transmittance values (mW/cm2) for 
various thicknesses of pressable ceramic disks

Control (0 mm) 0.3 mm 0.6 mm 0.9 mm 1.2 mm
900 585 566 558 549

Table 4: Degree of conversion (%) with mean ± 
standard deviation

Thickness 0.3 mm 0.6 mm 0.9 mm 1.2 mm
LC 32.2 ± 8.7a 29.6 ± 5.9a 29.2 ± 8.1a 28.9 ± 7.5a

DC 34.8 ± 12.8a 32.7 ± 6.4a 28.5 ± 8.8a 14.0 ± 7.4b

*Numbers with a differing lower case letter show a statistically 
significant difference according to the Kolmogorov-Smirnov test 
at p < 0.05

Table 5: Microhardness (kg/mm2) with means ± 
standard deviation

Thickness 0.3 mm 0.6 mm 0.9 mm 1.2 mm
LC 31.1 ± 8.0a 30.7 ± 5.8a 29.1 ± 3.8a 28.1 ± 3.7a

DC 18.2 ± 4.4b 15.4 ± 2.5b 13.2 ± 5.3b,c 9.6 ± 1.8c

*Numbers with a differing lower case letter show a statistically 
significant difference according to the Kolmogorov-Smirnov test 
at p < 0.05
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thickness was more than 4 mm. They also mentioned 
that the autocure components of DC resin cements did 
not produce significant compensation with regard to 
mechanical properties when light curing is diminished 
with greater ceramic thicknesses, and that polymer 
structure of the DC resin cements mainly depended 
on the intensity of light irradiation. The autocuring 
mechanism of DC resin cement is thought to polymerize 
sites not reached by light transmission due to thick, dark 
shaded or opaque restorative materials. However, this 
autocuring component of DC resin has been described 
as slower or ineffective.21,35 In other words, although 
the DC resin cement was developed with the purpose 
of having both favorable characteristics of autocured 
and LC cements, these two modes of activation are not 
equivalent. El-Mowafy and Rudo35 mentioned that the 
autocuring component by itself was not enough to ensure 
high hardness of DC resin cement. If light transmission 
is not sufficient, the light activation mode of DC resin 
cement will be affected and complete polymerization 
will be compromised.8 In addition to ceramic thickness, 
the shade, optical translucency, and refraction index of 
porcelain restorations may influence the amount of light 
transmission.25,37 Soares et al25 showed that the effect of 
the ceramic restoration shade was less significant that the 
thickness when they compared among different shades 
(A1, A2, A3, A3 and A3.5) and different thicknesses (0, 
1, 2 and 4 mm).  

Since, the ceramic restoration absorbs, reflects and 
refracts the curing light, the amount of total energy from 
the light source reaching the cement should be considered 
in order to achieve adequate polymerization of resin 
cements.24,33,37,38 Lee et  al33 demonstrated a marked 
decrease in light intensity with ceramic thicknesses over 
1 mm, from 700 mW/cm2 to approximately 270 mW/cm2. 
However, they showed that above 1 mm thickness, the 
decrease in light intensity was more gradual. However, the 
present study showed a gradual decrease in light intensity 
from the 0 mm (control) (900 mW/cm2), the 0.3  mm 
ceramic thickness (585 mW/cm2) to 1.2 mm thickness 
(549 mW/cm2). This difference between the two studies 
may result from different ceramic materials, which 
could affect the light transmittance, or the light curing 
unit itself. With this light attenuation in mind, different 
recommendations have been made to compensate 
for it.  Incorporation of longer curing periods and 
multidirectional curing was suggested to overcome the 
influence of ceramic thickness.24,33 Lee et al33 emphasized 
the increase in polymerization time because the 
polymerization time recommended by the manufacturers 
was not enough to compensate for attenuation of light by 
the restoration thicknesses; the time recommended by the 

manufacturers roughly corresponded to the times needed 
to achieve maximum hardness of cements directly 
exposed to light. In terms of type of light curing unit 
and light curing time relationship, there are conflicting 
accounts in the literature.37,38 Rasseto et al37 concluded 
that an adequate level of polymerization was achieved 
with a 40 seconds cure with a conventional halogen 
light for feldspathic and Empress veneers. However, a 
plasma arc curing light and a high intensity halogen light 
required 10 seconds and 15 seconds for adequate degree 
of polymerization. On the other hand, Hooshmand et 
al38 demonstrated that 20 seconds with a high-power 
LED light was not sufficient for the polymerization of 
DC resin cements covered with over 2 mm thickness of 
ceramic restorations. In the present study, a LED light 
source (Demiplus) was used, based on the manufacturer’s 
recommended time (5 seconds). However, a greater light 
polymerization time (15 seconds) could have been used to 
account for the ceramic thickness and light attenuation.

In the present study, although DOC values did not 
show statistically significant difference between the 
LC and DC resin cement groups, there was statistically 
significant difference for the values of MH between the 
LC and DC resin cement groups. Since, the mechanical 
properties of resin cements are influenced by type and 
composition of the resin matrix, filler type, filler load 
and mode of polymerization, the absolute values of MH 
should not used for comparison with DOC values.20 
The filler particles incorporated into the matrix provide 
higher values of strength than the matrix itself. Therefore, 
up to a certain limit, a higher filler load may be expected 
to improve mechanical properties.31,32 Pilo and Cardash16 
demonstrated a correlation between volumetric filler 
content and hardness. The difference of MH values 
between the LC and DC resin cement groups in the 
present study can be explained by their differences in 
filler content; the LC resin cement (NX3 Nexus; Kerr) 
used in this study has 47.7% volumetric filler content, 
which is slightly higher than the 43.3% volumetric filler 
content of the DC resin cement. In contrast, Hoffman et 
al21 showed DC resin cement to have higher hardness 
values than LC cements.

The DC resin cement group showed adequate values 
of DOC and MH only up to 0.9 mm ceramic thickness. For 
this reason, this thickness (0.9 mm) can be considered to 
be the critical thickness for the DC resin cement group. 
Within the limitation of the study, above this critical 
thickness level, the DC resin cement showed significantly 
less sensitivity to the curing light. On the other hand, 
the LC resin cement group did not show statistically 
significant difference among the different thicknesses 
(0.3, 0.6, 0.9 and 1.2 mm); it means the light activation 
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was enough to polymerize the LC resin cements up to 
1.2 mm. While clinically adequate polymerization of LC 
resin cement can be achieved with a maximum 1.2 mm 
of veneer restoration, the increase of curing time or light 
intensity is clinically needed for DC resin cements at the 
thickness of more than 0.9 mm.   

There were certain limitations to the experimental 
design.  In the present study, the dry storage of specimens 
does not accurately simulate intraoral condition. In 
addition, other clinical variables can affect the DOC and 
MH of resin cements; effect of different cement agents, 
curing methods, and ceramic shade should be taken 
into consideration. Further studies with various cement 
agents, shade and light curing methods will be indicated 
for comparison.

CONCLUSION

Within the limitation of the study, the degree of conver-
sion and hardness of the LC and DC resin cements were 
not affected with veneering thicknesses between 0.3 and 
0.9 mm. However, the DC resin cement group resulted in 
a significantly lower DOC and MH values for the 1.2 mm 
subgroup.
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