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Abstract 

      To evaluate the effect of accelerated artificial aging (AAA) on chemical and physical properties 
of four different resin cements and two flowable resins.  
      Forty-eight human incisors were prepared and the IPS Empress Esthetic laminate veneers were 
fabricated. The samples were randomly divided into the groups: dual-polymerizing cements (RelyX 
ARC and Variolink II), light-polymerizing cements (RelyX Veneer and Variolink Veneer) or flowable 
composite resins (Filtek Z350 Flow and Tetric N-Flow). The degree of conversion was determined 
in a Fourier transform infrared spectroscopy. The first cylinder was measuring the initial bond 
strength and, the remaining cylinder was submitted to AAA before bond strength test. The fracture 
pattern was analyzed by stereomicroscopy. The results were analyzed by one-way and two-way 
split-spot ANOVA/ Tukey’s test (α =0.05).  
      There were clinically perceptible color changes for all materials. The degree of conversion, the 
following decreasing sequence was found: RelyX ARC> Variolink II> RelyX Veneer > Filtek Z350 
Flow > Variolink Veneer = Tetric N-Flow. For the microshear bond strength, RelyX ARC = Variolink 
II > Variolink Veneer = RelyX Veneer > flowable composite resins.  
      AAA induced color change and decreased microshear bond strength for all luting systems 
evaluated.  
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 Introduction  

 
 The characteristics of ceramic laminate 
veneers, such as preservation of dental structure, 

superior translucency,1,2 color stability, clinical 

longevity and superficial texture, make them an 
excellent choice for aesthetic restorative 
treatments.3 With the evolution of adhesive 
dentistry, resin-luting strategies have been widely 
used to bond these indirect restorations to tooth 
structure.4 
 The color stability of these luting agents 
can be influenced by a variety of extrinsic and 
intrinsic factors.5 The extrinsic factors correspond 
to the absorption of stain from exogenous 
sources related to hygiene habits, smoking and 
diet.6 The intrinsic factors involve alterations in 
the percentage of unreacted double bonds, 
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composition of monomers used in the resin 
matrix and the type of photo-initiator system.7   

Camphorquinone is the most commonly 
photo-initiator used for light- polymerized resin 
cements.8 Although used in very small 
concentration (0.03-0.1 wt%), the 
camphorquinone influences significantly the 
material’s color.9 Other very important 
components of photo-initiator systems are tertiary 
aromatic or aliphatic amines,10 which act as so-
called co-initiators or accelerators. These 
accelerators are present in chemically activated 
systems such as dual- polymerized and auto- 
polymerized resin cements. 

These amines are mainly responsible to 
form products during photoreaction process, 
which can cause yellow, red or brown 
discolorations under the influence of light or 
heat10. When color change becomes visible, it 
affects the aesthetic appearance of indirect 
restorations.11  

The luting agents available for ceramic 
restorations can be dual-, light-, or auto-
polymerizing resin cement. The color instability 
observed in dual- polymerized cements is due to 
the aromatic tertiary amine, which reacts with the 
benzoyl peroxide initiator in the catalyst, causes 
discoloration during polymerization, furthermore 
presents desirable characteristics of light-and 
chemically polymerized resin cements12 as 
longer working time and effective 
polymerization.13 The light- polymerized resin 
cement has better color stability and longer 
working time compared to chemically and dual- 
polymerized resin cements,13 and the 
disadvantage of less effective polymerization. In 
order to take advantage of the properties of light- 
polymerized composite resins and the greater 
cost-effectiveness compared to the resin 
cements14 some authors have started testing 
flowable resin composites to lute ceramic 
veneers.14  

Clinical studies assessing the long-term 
behavior of flowable composite are very difficult. 
As it is impossible to standardize the oral 
conditions which hinders the prediction of 
durability and the comparison of dentals 
materials.15 Laboratory aging methods have been 
standardized to facilities the comparisons among 
researches carried out by different authors.16 
Artificially accelerated aging methods may help 

predict the degradation of the materials in a short 
period that would otherwise take months or even 
years of use in the oral cavity.17 Thus, it becomes 
relevant to investigate the color stability and 
chemical and physical properties of different 
flowable resin composites compared to resin 
cements in order to verify its effectiveness. The 
purpose of this study was to evaluate the color 
stability, the microshear bond strength and the 
degree of conversion of two dual- polymerized 
resin cements, two light- polymerized resin 
cements and two flowable resin composites 
submitted to accelerated artificial aging.   

The hypothesis was that flowable resin 
composite wouldn’t provide similar behavior to 
light- polymerized and dual- polymerized 
cements regarding color stability, microshear 
bond strength and degree of conversion. 
   

Materials and methods 
 

Ethics committee 

The study protocol was approved -
number 078/2012 by the review board of Ethics 
at Piracicaba Dental School- University of 
Campinas. Laminate veneers of shade ET1 were 
prepared using ceramic (IPS Empress Esthetic; 
Ivoclar Vivadent) and luting with six different 
luting systems in this study (Table 1). 

 

 
Table 1. Name, materials type, 
manufacturers, shade and composition of  tested 
materials. 
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Preparation of samples 
Forty-eight non-carious, sound human 

maxillary incisors teeth extracted for orthodontics 
reasons were used in this in vitro study. After 
removal of calculus and dental plaque, the teeth 
were stored in 0.2 % thymol solution at 4°C until 
the preparation for the study. Human teeth 
presented varied dimensions, for these reason all 
teeth were measured and that present different 
sizes were divided among the experimental 
groups to show homogeneity. Depth cuts are 
obtained with diamond bur #2135 (KG Sorensen) 
under water cooling in a cavity preparation 
machine for the standardization preparations, 
providing a 0.5mm deep groove in the cervical 
third, a 0.6 mm deep groove in the middle third, 
and 0.6 mm for incisal third. Care should be 
taken to keep the tooth reduction inside the 
thickness of the enamel. The margins were 
beveled to have finish lines at the teeth levels 
without over contouring. The diamond bur was 
discarded after each 5 preparations.  

 
Every angle of the preparation should 

be rounded, finished and polished. Single 
operator prepared all the teeth used in this study. 
A final was made using a 2- step impression 
techniques using Express XT (3M ESPE) and 
sent to the lab. 

Ceramic veneer surfaces preparation 
and groups treatments 

A total of forty-eight ceramics laminate 
veneers were fabricated from leucite glass-
ceramic ingots (IPS Empress Esthetic; Ivoclair 
Vivadent) in ET1 shade, with 0.6 mm thickness, 
according to the manufacturer's 
recommendations.  

All ceramic veneer surfaces were 
prepared with 5% hydrofluoric acid (FGM; Dental 
Materials) in gel, applied for 20 seconds and, 
washed thoroughly with water and gently dried 
with oil free air. In all ceramics veneers surface, a 
monocomponent silane (RelyX Ceramic Primer; 
3M ESPE) was applied for 1 min and thorough 
scattered with air. The teeth specimens were 
randomly divided into six experimental groups 
(n=8) according to the different luting systems 
evaluated: G1- (SB/RVE) Single Bond 2/RelyX 
Veneer (3M ESPE); G2- (SB/ARC) Single Bond 
2/RelyX ARC (3M ESPE); G3- (SB/FFL) Single 
Bond 2/Filtek Z350 XT Flow (3M ESPE); G4- 
(TB/VVE) Tetric N-Bond/Variolink Veneer 
(Ivoclar-Vivadent); G5- (TB/VAR) Tetric N-

Bond/Variolink II (Ivoclar-Vivadent); G6- (TB/TFL) 
Tetric N-Bond/Tetric N-Flow (Ivoclar-Vivadent). 
 The prepared teeth were acid-etched with 
37% phosphoric acid (Scotchbond Etchant; 3M 
ESPE) for 15 seconds, rinsed and dried. The 
adhesive system was applied to the tooth surface 
after the luting systems were manipulated 
according to the manufacturer's instructions for 
both (Table 2). Light-polymerizing cement and 
flowable resin were directly applied to the surface 
of the ceramic, while the dual- polymerizing 
cement was mixed before application. The luting 
systems was light- polymerized thorough the 
ceramic surface for 40 seconds using a visible 
light (Demetron LC; SDS Kerr). The light 
irradiance was measured with a radiometer and 
confirmed for all groups at 800 mW/cm2. All the 
test specimens were stored in isolated 
receptacles at 37°C under high-humidity and 
kept in the absence of light for 24 hours before 
color analysis. 
 

 
Table 2. Procedures for cementing systems 

adhesion. 
 

Initial color measurements were recorded 
using a spectrophotometer (Easyshade; VITA). 
Before measuring the color of the specimens, the 
device was calibrated using a calibration block, 
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according to the manufacturer's instructions (Vita 
Easyshade Manual). Measurements were 
recorded under standard illumination (MM-
1eUV/D65).  

Individualized silicone guides with a 
central window were positioned on the buccal 
surface of the incisors to standardize the initial 
and final positions for the color evaluation.  

Color measurements  

Were defined according to the CIE L*a*b 
system (Commission Internationale de 
I'Éclairage). The CIELAB system is an 
approximately uniform color space with 
coordinates for lightness, namely, white/black 
(L*), red/green (a*) and yellow/blue (b*).18 

After the initial color measurement, all 
specimens were subjected to aging using the 
EQUV UV- accelerated aging chamber (Equilam 
Ind Com Ltda). The AAA (Accelerated Artificial 
Aging System) process consisted of a total of 
300h (UV-B irradiation, with a 313 nm emission 
peak), alternating periods of ultra-violet light (4 
hours) and water condensation (4 hours), under 
50°C heat and 100% humidity.19 

After the aging process, follow up color 
measurements were performed using similar 
conditions. The color stability (ΔE) were 
determined using the coordinates L*, a* and b*, 
by using formula: ΔE= √ (LF*-Li*)

2 + (aF*-ai*)
2+ 

(bF*-bi*)
1/2. Values of ΔE below 3,5 were 

considered clinically acceptable.20 
Microshear bond strength test  

Another forty-eight non-carious, sound 
human maxillary incisors teeth extracted for 
orthodontics reasons were selected. After 
removal of calculus and dental plaque, the teeth 
were stored in 0.2 % thymol solution at 4°C until 
the preparation for the study. The buccal 
surfaces were machine ground  (APL-4; Arotec), 
with #320 and #600 grit abrasive paper, under 
water irrigation to ensure a uniform flat enamel 
surface of 6mm2. These teeth were observed 
using a stereomicroscope (Leica Microsystems) 
at 25x magnification to guarantee enamel 
integrity. 
 Ninety-six leucite glass-ceramic cylinders 
(IPS Empress Esthetic; Ivoclair Vivadent) in ET1 
shade were obtained (1mm in diameter x 2mm 
thick). The ceramic cylinders were submitted to 
surface treatment with 5% hydrofluoridric acid 
(FGM; Dental Materials) for 20 seconds. The acid 
was removed with air/water spray, after drying 
the specimens, a layer of silane coupling agent 

(RelyX Ceramic Primer; 3M ESPE) was applied 
and left to react for 60 s.  
 The ceramic cylinders were randomly 
divided into six experimental groups (n=8), 
according to the resin luting systems evaluated, 
as previous described in Table 2. A previously 
perforated, double-faced adhesive tape (having 
circular perforations measuring the same as the 
ceramic cylinders to be built) was placed on each 
tooth surface in order to delineate the ceramic 
luting area  (0,78 mm2, two cylinders per teeth 
surface). The cylinders were positioned in 
parallel over the leucite glass surface, and fixed 
with the luting systems. The specimens were by 
using the Demetron LC (SDS Kerr) unit at 800 
mW/cm2 output for 40 seconds. All specimens 
were stored on distilled water at 37C for 24 
hours, after the storage, one of the cylinders 
were attached on the platen of a universal testing 
machine (EZ-Test; Shimadzu Corp.) to perform 
microshear bond strength at a crosshead speed 
of 0.5mm/min. The resulting bond strength was 
calculated and expressed in MegaPascal (MPa = 
Maximum load (N)/Bonding surface area of the 
resin cement -mm2). The remaining ceramic 
cylinder was submitted to aging before bond 
strength test.  
 Visual analyses of the fractured surfaces 
were performed using a stereomicroscope at 40x 
magnification (SMZ-10, Nikon), fracture 
classification was assigned using the following 
criteria: A- adhesive failure; B- ceramic cohesive; 
C- mixed failure, a mixture of different kinds of 
fractures within the same specimen. 

Degree of conversion test   
 For the measurement of absorption 
spectrums for uncured resin cement, the light- 
polymerized material was put into circular matrix 
and covered by polyester matrix between two 
glass plates (n=10). For the dual activation 
mode, the catalyst and base of dual- polymerized 
materials were mixed according to the 
manufacture’s instructions; the material was put 
into circular matrix and covered by polyester 
matrix between two glass plates. The readout of 
each uncured material was recorded in 
absorbance spectrum acquired by scanning the 
specimens 32 times with a resolution of 4cm-1 
over a range from 1590 to 1660cm-1 band.  After 
the IR spectral scans, a ceramic disk was placed 
over the polyester matrix. All materials were light- 
polymerized through the ceramic disks using a 
halogen light-curing unit Demetron LC (SDS 
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Kerr) at 800mW/cm2 output for 40 seconds. 
Specimens were stored at 37°C, 100% relative 
humidity for 24 hours. The absorption spectrums 
for polymerized material were obtained as 
describe above (n=10). 
 Remaining unconverted double bonds 
were calculated using the standard method for 
monitoring the change in the ratio of aliphatic C = 
C absorption at 1638 cm-1 to aromatic carbon-
carbon absorption at 1608cm-1 between 
polymerized and uncured specimens according 
to the following equation: DC= 100 x [1- (C/U)], 
where C and U are reasons of intensity between 
aliphatic and aromatic C = C absorptions, after 
and before the polymerization, respectively. The 
percentage of carbonic double linking that did not 
react during the polymerization reaction is 
determined. The DC is determined by the 
subtraction of the residual percentage of aliphatic 
C = C from 100%.  

Statistical analysis 
Color stability and degree of conversion 

values were performed using one-way analysis of 
variance (ANOVA). The microshear bond 
strength data were subjected to two-way split-
spot ANOVA. Tukey post hoc tests were 

performed to determine differences among 
groups. Statistical significance level was 5%. 
 

Results 

 
Color stability 

 The mean color stability and standard 
derivation obtained for the luting systems are 
shown in the table 3. Significant differences were 
observed among the groups (α =0,4494). The 
materials had various ranges of color change 
after the aging for all the systems. The dual 
cements showed the highest values of  color 
change follow by the light-cured materials and 
the lowest color change were presented by 
flowable resin composites. The ΔE data were 
analyzed in accordance with clinical color 
tolerance criteria, which allow clinicians to 
interpret color differences with the aid of detailed 
descriptions: 0= perfect; 0,5 to 1= excellent; 1 to 
2=good; 2 to 3,5= clinically acceptable; ≥ 3.520 
were considered clinically unacceptable because 
were detectable by the human eye.21 

Microshear bond strength 

The ANOVA showed significant 
differences for the factors “luting systems” (α ≤ 
0.0001) and “artificial aging” (α ≤ 0.0001); the 

interaction between these factors was not 
significant (α = 0.8687). The results of the Tukey 
test are presented in Tables 4 and 5 respectively. 
All luting systems evaluated in this study showed 
no difference statistically in enamel bond strength 
means. Accelerated artificial aging decreased the 
bond strength values for all luting systems tested. 

 

 
Table 3. Mean±SD color change (ΔE) 
values for all groups. 
*Means followed by different letters represent statistically 
significantly difference (α<0.05).  
 

 
Table 4. Mean microshear bond strength 
values and standard derivation in MPa for 
experimental groups.  
*Means followed by different letters represent statistically 
significantly difference (α<0.05). 

 
Different types of fractured surface of each group 
are revealed in figure 1. According to the data, 
mainly adhesive failures are presented in 
SB/RVE, TB/VVE, SB/FFL and TB/TFL groups 
and mainly cohesive failure in ceramic occurs in 
SB/ARC and TB/VAR groups.  
 

 
Figure 1. Fracture patterns (%) of tested 

materials. 
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Table 5. Mean microshear bond strength after 

artificial aging independently of luting systems.  
*Means followed by different letters represent statistically 
significantly difference (α<0.05). 

 
Degree of conversion 

The mean degree of conversion (%) 
obtained for the evaluated groups are presented 
in table 6. Significant differences were observed 
among the luting materials tested. The RelyX 
ARC showed highest DC values. Variolink II, 
RelyX Veneer and Filtek Z350 XT Flowable 
presented intermediate values with difference 
statistically between each other. The Variolink 
Veneer resin cement and Tetric N-Flow flowable 
resin showed the statistically significantly lowest 
degree of conversion means when compared 
with the others materials.  

 

 
Table 6. Mean degree of conversion (%) and 

standard deviation for evaluated materials.  
*Means followed by different letters represent statistically 
significantly difference (α<0.05). 

 
Discussion 

 

In the present study, the color stability 
and microshear bond strength of flowable 
composite resin proved to have inferior behavior 
to the resin cements. The hypothesis, that the 
flowable resin composite wouldnt provide similar 
behavior to light-polymerized and dual- 
polymerized cements regarding color stability, 
microshear bond strength and degree of 
conversion, was accepted. Except in degree of 
conversion, flowable resin exhibited similar 
results to light- polymerized resin cement. 
 All the tested resin materials during the 
study showed the color changes to varying 
degree after accelerated artificial aging. The 
color change of resin materials induced by UV 
irradiation has been related to factors like 
chemical alterations in the activators, initiator 
systems, and the resin cement composition itself. 
Degradation of residual amine, and oxidation of 

residual unreacted carbon-carbon double bonds 
also result in the changes in color.22 The color 
changes are also attributed to the properties of 
the resin matrix and filler concentration. The 
presence of UDMA can contribute to a reduction 
in the concentration of TEGDMA, which is the 
monomer that release higher quantities of 
monomers into aqueous environments,23 added 
to this is the monomer responsible for higher 
rates of water sorption in resin-based materials 
due to its hydrophilic ether linkages.24 If the 
matrix is hydrophilic, increased water sorption 
occurs, resulting in a more white and opaque 
shade.25 The replacement of TEGDMA for UDMA 
may improve color stability.20 Compared with 
BIS-GMA, UDMA appears to be less susceptible 
to staining.26 
 RelyX ARC and RelyX Veneer contains 
BIS-GMA and TEGDMA, Variolink II is composed 
of BIS-GMA, TEGDMA and UDMA, Variolink 
Veneer contains UDMA and decamethylene 
dimethacrylate, Tetric N-Flow contains BIS-GMA 
and TEGDMA and Filtek Z350 XT Flow is 
basically composed of BIS-GMA, TEGDMA and 
BIS-EMA. The results showed that the 
monomers contained in the resin matrix might not 
influence in the staining.  

The mean color changes observed 
among all the materials tested were ΔE 6.11 to 
9.33, higher than 3.5 were considerable 
perceptible and clinically unacceptable based on 
previous reports.27,28,29 

Previously researches have found better 
color stability of the light polymerized cements as 
Variolink Venner and RelyX Veneer. The 
aliphatic anime are used as initiators in light 
polymerized resin cements.22 The aromatic 
tertiary amines have more tendencies for 
oxidation than the aliphatic amines. Hence, the 
light polymerized materials are expected to have 
better color stability. However, in this study, the 
ΔE value for the light- polymerized cements was 
similar when compared to the others tested 
cements. 
 The degree of conversion of a resin 
material depends on factors such as the 
chemical structure of the monomers, the curing 
conditions, including light intensity and photo-
initiator concentration.30 The light exposure that 
reaches dual- polymerized cements is an 
extremely important factor to ensure an effective 
polymerization;29 they have a chemical activator 
to complete the reaction.13 The dual- polymerized 
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resin cement RelyX ARC evaluated in this study 
showed higher degree of conversion values than 
the others materials.  
 The accelerated artificial aging 
significantly affects the bond performance of the 
luting systems, once a decrease on microshear 
bond strength values was found after aging 
compared to the groups tested 24 hours after 
bonding procedures. This can be justified 
because the water uptake and hygroscopic 
expansion may have an adverse impact on the 
longevity of the cementing systems.30 Study have 
reported that smaller interface bonding area  (1.0 
mm2) as used in this study may allow higher 
water-ion diffusion through the hybrid layers, thus 
accelerating the bond degradation.27 Another 
possible explanations can be attributed to stress 
concentration in the resin-filler interface during 
the temperature variation, which can cause loss 
of filler particles and exposure of the resin 
matrix.28 Accelerated artificial aging with 
temperature changes can cause dimensional 
changes of the material, forming fracture lines in 
the bonding interface and in the resin cement 
line. This may lead to fractures in the material, 
decreasing the bond strength of the composite 
restorative.29   
 The mechanical properties of resin 
materials aren’t influenced by type and 
composition of the resin matrix, filler type and 
curing mode.30,31,32 All luting systems tested 
presented similar microshear bond strength 
values. 
 The failure analysis mode revealed a 
higher prevalence of adhesives fractures. The 
Filtek Z-350 XT Flowable and RelyX Veneer 
groups resulted both in 50% adhesives failures 
and Tetric N-Flow and Variolink Veneer groups 
presented in 75% and 62,5% adhesive failures, 
respectively. The RelyX ARC 62,5% and 
Variolink II 62,5% predominantly presented 
cohesive failures in the ceramic surface and 
produced the highest mean microshear bond 
strength, confirming the efficiency of these 
materials. Dual- polymerized resin luting agents 
associate some of the desirable characteristics of 
light- polymerized luting, their chemical 
components seem to ensure complete 
polymerization when light intensity is attenuated 
by restorative material and tooth substrate.30,33,34 
Dual- polymerized resin cements shown superior 
mechanical properties, compared to the others 
luting systems,12 this can explained by the results 

of failure patterns.  
Methodological limitations for in vitro 

studies are inherent in the assessment of clinical 
performance of materials thus more in vivo 
studies are necessary to help clarify the better 
luting systems indicated to laminate veneers.
  
 Conclusions 

 The light- and dual-polymerizing materials 
presented similar color changes after 
accelerated artificial aging. Color alterations 
clinically unacceptable were observed for all 
the materials tested. 

 All luting systems evaluated during the study 
showed the significant decreased of 
microshear bond strength after the 
accelerated artificial aging. The dual- 
polymerized cements Variolink II and RelyX 
ARC presented a degree of conversion higher 
than the others tested luting systems.   
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