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Introduction

The use of  ceramic laminate veneers for restorative and aes-
thetic treatment has also increased the use of  light-cured resin in 
clinical practice [1-3]. According to several studies, both clinical 
success and durability of  indirect restorations with ceramic lami-
nate veneer are closely related to its fracture resistance and good 
marginal adaptation [1, 4], which depends directly on restoration 
adaptation and use of  suitable adhesive system and cementation 
protocol [5-9].

The light-cured resin cements were development to be used under 

aesthetic restorations which allow for passage of  light required 
for polymerization reaction [2]. Among the advantages of  these 
cements, one can cite good physical and mechanical properties 
[10] and color stability, especially if  compared to self-cured and 
dual-cured resin cements, which have tertiary amine – a chemical 
activator causing color changes over time [8, 9, 11, 12]. Despite 
their advantages, light-cured resin cements also have some disad-
vantages such as polymerization problems, especially when placed 
under thick opaque prosthetic restorations, resulting in a cement 
with poor mechanical strength and limited adhesion [7].

In clinical practice, it is difficult to determine the thickness limit 
of  a ceramic laminate veneer and/or translucency the material 
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Abstract

Objective: This study evaluated the influence of  different thicknesses of  ceramic laminate veneers on water 
sorption and solubility of  light-cured resin cement. 
Materials and Methods: Twenty-four specimens of  light-cured resin cement (8 mm diameter and 1 mm thick-
ness) were divided into four groups according to ceramic thickness interposed during cure: without ceramic lami-
nate veneer; 0.7 mm, 1.0 mm and 1.3 mm. All samples were subject to water sorption and solubility process. The 
mean water sorption and solubility values were compared by One-way ANOVA/Tukey’s test (α = 0.05). Pearson's 
correlation was performed to identify correlations between water sorption and solubility as well between ceramic 
thickness and water sorption and solubility. 
Results: Significant differences were found in the sorption values (P < 0.05) and solubility (P < 0.01) for the 
tested conditions. Water sorption and solubility in the cement light-cured under thicker ceramic were statistically 
higher than control group. Moreover, there was a positive correlation between veneer thickness and water sorp-
tion and solubility of  the light-cured resin cement. 
Conclusion: The variation in the thickness of  the ceramic laminate veneer can alter water sorption and solubility 
properties of  the light-cured resin cement tested.
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should possess to ensure reliable monomer conversion into poly-
mers which make up the resin cement, especially when this con-
version depends exclusively on the light energy deposited in the 
cement [13]. The resin cements can be light-cured under lithium 
disilicate ceramic restorations of  up to 2mm thickness without 
impairing adhesion [14]. However, studies show that increase in-
ceramic thickness results in lower transmittance of  photo-curing 
light to the cementing agent [15] and, consequently, the resin ma-
terial presents decrease in hardness and monomer conversion [7]. 
Moreover, the literature is not conclusive about which thickness 
variation limit and ceramic translucency would be optimal for 
proper transmittance of  incident light [7, 11].

Incomplete polymerization and subsequent reduction in the de-
gree of  monomer conversion, as well as interaction with oral en-
vironment, can consistently reduce the longevity of  indirect res-
torations [16]. One of  the consequences of  this interaction is the 
absorption of  oral liquids and saliva substances by the resin ce-
ment [17, 18]. The water can penetrate into the polymer network 
via porosity and intermolecular spaces, being mainly absorbed in 
the resin matrix [17, 19]. After this water sorption, the subsequent 
mechanism is the loss of  some resin components, mainly unre-
acted monomers and filler particles, known as solubility [19].

The traditional ceramic laminate veneers with dental preparations, 
located mainly in dental enamel [20], have encouraged the contin-
ued use of  light-cured cements. These preparations result in ve-
neers with thicknesses ranging from 0.5 mm, in the middle third, 
to 1.3 to 1.5mm, especially in the incisal third [5]. Therefore, in 
a same preparation, different material thicknesses can be found 
[4]. In this way, it becomes important to determine whether those 
small variations of  thicknesses are significant to the physical and 
mechanical features of  light-cured cement under ceramic restora-
tion. 

Therefore, recognizing the importance of  maintaining the cement 
properties, the aim of  this in vitro study was to evaluate water sorp-
tion and solubility of  the Nexus Third Generation resin cement 
(NX3, Kerr, Orange, California, USA), light cured under differ-
ent thickness of  ceramic laminate veneers. The null hypotheses 
are that different thicknesses of  laminate veneers do not interfere 
with the values of  water sorption and solubility of  the light-cured 
resin cement studied.

Material and Methods

Three ceramic laminate veneers of  10mm in diameter and three 
different thicknesses (i.e. 0.7mm; 1.0mm and 1.3mm) were pre-
pared based on lithium disilicate ingots (IPS e.maxPress, Ivoclar-
Vivadent, Schaan, Liechtenstein), all having 2M2 color and high 
translucency (HT).

A polyvinyl siloxane mold (mA)(Aquasil Ultra Putty, Dentsply, 
York, Pensilvania, EUA) with 1mm thickness and inner hole of  
8mm diameter was used for accommodation and preparation of  
resin cement specimens. Another polyvinyl siloxane mold (mB)
was made in order to adapt the ceramic laminate. The function of  
this device was to avoid light dissipation at the time of  polymeri-
zation, as well as any interference from external light, during the 
light curing procedures [21]. The cement was inserted into the 
polyvinyl siloxane mold (mA) and a polyester strip was placed on 

it, whereas the second mold (mB) containing the ceramic laminate 
was placed on the strip. A glass slide was placed on the resulting 
set to remove the excess material. Next, the cement was photo-ac-
tivated by using a LED light device (Radii Plus, SDI, Melbourne, 
Victoria, Australia) at power intensity of  1.500 mW/cm2 for 60 
seconds, with the device’s tip touching a single point on the ce-
ramic laminate veneer (except in the control group). 	
	
A total of  24 specimens of  Nexus Third Generation light-cured 
cement (NX3, Kerr) in white color were prepared and divided 
into four groups (n=6) according to the different thicknesses of  
ceramic laminate veneer, namely: Group I (control), with the ce-
ment being light-cured without ceramic laminate veneer, whereas 
in the other groups the cement was light-cured under ceramic 
laminate veneer thicknesses of  0.7mm, 1.0mm and 1.3mm.
	
The specimens were submitted to evaluation of  water sorption 
and solubility according to the ISO specification 4049:2000. Im-
mediately after their preparation, the 24 specimens were placed 
in a desiccator containing silica gel and transferred for pre-condi-
tioning at 37°C. The thickness of  the specimens were measured 
by using a digital caliper (500-151 Absolute Digimatic Caliper, 
Mitutoyo, Kawasaki, Japan), and the resulting values were used to 
calculate the volume (V) of  each specimen (mm3), (V = π x r² x 
h). All weight measurements were carried out by using an analyti-
cal balance (AUD 220D, Shimadzu Corp., Nakagyo-Ku, Kyoto, 
Japan) with precision of  0.00001g.
	
The specimens were weighted repeatedly at 24 hours intervals 
to obtain a constant weight (m1). After mass stabilization of  the 
specimens, they were stored individually in sealed Eppendorf  
micro-tubes containing 2 mL of  distilled water (pH 7.2) at 37ºC, 
for 7 days. After this period, the specimens were dried with tissue 
paper and then weighed to establish the amount of  water sorption 
(m2). The specimens were again stored in a desiccator to eliminate 
any absorbed water before being weighed daily until a constant 
mass value was obtained (m3). Water sorption (WS) and solubility 
(Sol) were calculated by using the following formula below: 

WS = (m3-m2)/V
Sol = (m1-m3)/V

After exploratory data analysis to verify the homogeneity of  vari-
ances, the statistical analysis of  water sorption and solubility data 
were performed by using one-way ANOVA and Tukey’s test for 
multiple comparisons between the averages (SAS system 9.1, SAS 
Institute Inc, Cary, North Carolina, USA) at 5% significance level. 
Pearson’s correlation was performed by using the IBM SPSS Sta-
tistics 20 (IBM Corp., Armonk, New York, USA).

Results

Table 1 shows the means and standard deviations of  water sorp-
tion and solubility for the experimental groups. According to 
statistical analysis, differences were found both in water sorption 
(P < 0.05) and solubility (P = 0.01) between the four conditions 
tested.

For the water sorption data, there were significant differences in 
the mean values between the group with 1.3mm ceramic laminate 
veneer and the control group. The other groups showed interme-
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diate values, with no statistically significant differences between 
them.
For the solubility data, the mean value of  the group with 1.3mm 
ceramic laminate veneer was statistically higher than those of  
group with 0.7mm ceramic laminate veneer and control group. 
The group with 1.0mm ceramic laminate veneer presented an in-
termediate value, which did not differ from the other groups.

Figures 1, 2, and 3 show the Pearson’s correlation analysis, where 
statistically significant moderate positive correlations between 
water sorption and solubility (Figure 1) (r = 0.594; P < 0.01), 
between thickness and water sorption (Figure 2) (r = 0.581; P < 
0.01) and between thickness and solubility (Figure 3) (r = 0.678; 
P < 0.01) were found.

Discussion

The null hypothesis has been rejected, since the degree of  water 
sorption and solubility was influenced by the different thicknesses 
of  ceramic laminate veneers. There was a significant difference 
in water sorption and solubility between the resin cement light-
cured under thicker laminate and that light-cured without ceramic 
laminate positioned between light output and resin material (con-
trol group).

When the resin cement was photo-activated under a 1.3mm ce-
ramic laminate veneer thickness, it was found that water sorption 
was greater compared to the control group. This result can be 
explained by the fact that the interposition of  a ceramic laminate 
veneer with 1.3mm thickness had reduced the intensity of  light 
energy reaching the resin cement placed under the ceramic piece. 
The decreased light intensity can reducethe monomer conversion 

[21], thus increasing the amount of  unreacted monomers in the 
material.
This observation can be confirmed in the control group, where 
the resin cement was light-cured directly by using an LED device 
with no ceramic laminate veneer or any other object capable of  
reducing light transmittance positioned at the tip of  the light-cur-
ing unit. Lower water sorption was observed in the present study, 
corroborating the findings by Cho et al., [2], who found a lower 
degree of  conversion when the resin cement was light-cured un-
der a thicker ceramic. The incomplete polymerization of  the resin 
cement results in both low degree of  conversion and presence of  
a larger amount of  residual monomers, which may affect physical 
properties such as water sorption and solubility [2, 22-24]. One 
of  the consequences of  water sorption over time is the hydrolytic 
degradation of  the resin cement. This degradation occurs due to-
the breakage of  the resin cement chemical bonds or softening of  
the material by the water action [19, 25].

In the groups where the resin cement was light-cured under ce-
ramic laminate veneer thicknesses of  0.7mm and 1.0 mm, inter-
mediate values of  water sorption and solubility were observed, 
probably because the thicknesses of  their laminates were insuf-
ficient to reduce significantly the light energy available to convert 
monomers into polymers as in the control group. No change was 
observed in the dynamic diffusion properties of  the resin cement 
under these different experimental conditions. It is note worthy 
that the HT ingots tested in this study represents a highly trans-
lucent ceramic material. Therefore, the testing of  other opaque 
ceramics should be considered regarding the interference of  lami-
nate thickness in each experimental condition.

The incomplete polymerization of  the resin cement results in 

Table 1. Mean (Standard Deviation) values of  Water Sorption and Solubility.

Groups Water sorption Solubility
Control (no ceramic laminate veneer) 13.00 (0.39) B 1.68 (0.17) B
Ceramic laminate veneer of  0.7 mm 14.00 (0.43) AB 2.15 (0.52) B
Ceramic laminate veneer of  1.0 mm 13.97 (1.06) AB 2.71 (0.65) AB
Ceramic laminate veneer of  1.3 mm 14.24 (0.58) A 3.65 (1.24) A

Mean values followed by different letters signify statistical significance (ANOVA/Tukey's α = 5%).

Figure 1. Moderate Positive Correlation between Water Sorption and Solubility.
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low degree of  conversion as well as in large amount of  residual 
monomers (which are leachable) and filler particles, thus increas-
ing the solubility of  the material [19, 22]. According to Munks-
gaard, Peutzfeldt and Asmussen [26], elution of  the resin cement 
components is much higher when the compound is not properly 
photo-activated, which might explain the significant difference in 
solubility between 1.3 mm group and control and 0.7 mm groups, 
since the 1.3mm laminate was configured to be a greater barrier 
allowing for sufficient transmission of  light energy to promote 
further polymerization of  the cement.

The solubility of  the light-cured resin cement can influence the 
dimensional changes, thus compromising its structural stability 
and biocompatibility. The release of  residual monomers into the 
oral environment can promote restoration misfit [27], bacteria 
growth at the interface and secondary caries [18, 19], as well as 
debonding of  ceramic laminate veneers [27]. These monomers 
had not been properly converted because they depend exclusively 
on light to be polymerized. 

According to ADA Standard n° 27 the mean values of  water 
sorption and solubility ranged from 13 to 14.24 mg/mm³ and 
from 1.68 to 3.65 mg/mm³, respectively, all below the acceptable 
limits. However, this fact does not mean that the levels of  wa-

ter sorption and solubility found cannot influence the quality and 
longevity of  cementation.

In this study, there was a moderate positive correlation between 
the values of  water sorption and solubility, thus confirming the 
findings by Cekic-Nagas and Ergun [23], who evaluated the sorp-
tion and solubility of  different resin cements photo-activated by 
several light-curing sources under ceramic disks. Therefore, it can 
be said that the higher the amount of  water absorbed, the greater 
the amount of  components being leached from the resin cement.

The greater the thickness of  the ceramic laminate veneer, the 
lower the degree of  monomer conversion in light-cured resin 
cements, resulting in a larger amount of  unreacted monomers 
[7]. Consequently, there were higher levels of  water sorption and 
solubility in the group where the distance between light-curing 
source and cementing material was greater, existing a positive 
correlation of  ceramic laminate veneer thickness with both water 
sorption and solubility.

The chemical structure of  the solutions used in in vitro tests is im-
portant because it must simulate the oral environment complexity, 
since the intraoral fluids are probably some of  the most aggres-
sive organic solvents [19]. Distilled water is not able to simulate 

Figure 2. Moderate Positive Correlation between Thickness of  the Ceramic Laminate Veneer and Sorption.
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Figure 3. Moderate Positive Correlation between Thickness of  the Ceramic Laminate Veneer and Solubility.
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pH variations in oral cavity, so in vitro water sorption and solubility 
tests are considered static [25]. Thus, the findings in this in vitro 
study are important, but should be further confirmed by long-
term clinical studies [23].

The cementing procedures using ceramic laminate veneers and 
resin cements include a number of  variables which interfere sig-
nificantly with their results and clinical performance such as type 
of  ceramic, degree of  translucency/opacity of  the indirect res-
toration, design of  dental preparation and ceramic thickness, ad-
hesive materials and applied cement, type of  light-curing source, 
light application time, dental substrate, among others [1, 2, 7, 12]. 
All of  these variables need to be studied and understood both 
separately and together to establish protocols for ceramic lami-
nate veneers cementation.

Conclusions

Considering the methodology and results of  this study, it can be 
concluded that variation in the ceramic laminate veneer thickness 
can influence water sorption and solubility ofthe resin cement. 
Moreover, there is a positive correlation between thickness of  the 
ceramic laminate veneer and water sorption and solubility of  the 
light-cured resin cement.
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