
SUMMARY
Objective: The purpose of this in vitro study was to evaluate the effect 

of shade and thickness of porcelain veneers on depth of cure of 2 light-cured 
resin-based luting cements with 2 different shades. 

Material and Methods: Veneer samples (Empress 2 -Ivoclar) were pre-
pared in 1mm and 1.8 mm thickness and 10mm diameter (shade 1M2, 2M2). 
The test materials (RelyX and Variolink II Base; A1 and A3 shade) of this 
study were cured through the porcelain samples. Measurements of depth of 
cure were performed according to ISO 4049. Statistical analysis was per-
formed with Tukey HSD test.

Results:  The highest depth of cure results were obtained with Vario-
link II Base (A1) covered with Empress 2 (1M2 shade - 1mm thickness) as 
3.051mm. 0.937mm was the lowest data which was obtained with RelyX (A3) 
covered with Empress 2 (2M2 shade - 1.8mm thickness) (p<0.05).

Conclusions: Darker shade of the resin-based luting material is a sig-
nificant factor on decreasing depth of cure, especially for RelyX. Thickness 
of porcelain veneers had a greater influence on the depth of cure than the 
shade of porcelain. 
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Effect of Shade and Thickness of 
Porcelain Veneers on Depth of Cure of 
Light-Cured Resin-Based Luting Cement
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Introduction

Porcelain veneers are an increasing demand of the 
patients to achieve aesthetic indirect anterior restorations 
and improve the smile design. These restorations enable to 
change the colour, form and/or position of anterior teeth, 
which are important elements of anterior aesthetics.

The porcelain veneer technique includes the bonding 
procedure of a porcelain laminate to teeth using an 
adhesive system and a luting material. These adhesive 
systems comprise dual cured1, self-cured2 and light-cured 
resin based cements3. Light activated luting resins are 
used for anterior porcelain veneers, while thick posterior 
ceramic restorations require the use of dual activated, 
self-cured resin cements or resin modified glass ionomer 
cements2. Light-cured resin luting materials may be 
preferred to dual-cured and self-cured resin luting 

materials because of their simplicity to manipulate and 
more timesaving properties. Besides, dual-cured and self-
cured luting materials have some disadvantages because of 
the catalysts they incorporate. These are the potential for 
discoloration of the luting resin and for interference with 
some self-etching adhesives, which causes lower bond 
strength4,5. Therefore, using solely light-curing composite 
resin would have certain clinical advantages. 

The success of the porcelains can be affected 
by the exposed dental hard tissue (enamel or dentin), 
bond strength of the luting material and the occlusal 
relationship. Luting materials’ performance depends on 
the physical and mechanical properties of the material, 
which includes especially bond strength, viscosity, elastic 
modulus and depth of cure. Adequate polymerization is a 
crucial factor in obtaining optimal physical properties and 
a satisfying clinical performance of composite resin luting 
materials. Inadequate polymerization causes inferior 
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physical properties and changes in strength, stiffness, 
water sorption and colour stability1,6.

The depth of polymerization is very important 
in direct composite application and in cementation of 
veneers7. The curing capacity (depth of cure) of light-
cured luting cements depends on the translucency8 and 
the thickness9 of the porcelain material. Light source 
also plays an important role on the depth of cure. 
Type of light1,6,10, light intensity1,11,12, mode1,13 and 
exposure period10 are the effecting factors. Additionally, 
formulation, photo-sensitizer and shade of the resin-based 
cement can be influencing factors on the polymerization 
of the luting material through the porcelain veneer. 

Different methods can be used to evaluate the 
efficiency of light-cured materials. Measuring micro-
hardness or depth of cure tests are the most common 
methods for this purpose1. Micro-hardness tests are used as 
an indirect measurement of degree of cure rate8,9, whereas 
micrometer evaluation is a direct determination method of 
depth of cure, which is used in the present study.

The purpose of this in vitro study was to evaluate 
the effect of shade and thickness of porcelain veneers on 
depth of cure of 2 light-cured resin-based luting cements 
with 2 different shades. 

Material and Method

In this study, veneer samples (IPS-Empress 2, Ivoclar 
Vivadent, Liechtenstein) were prepared in 1mm and 1.8mm 
thicknesses, 1M2 and 2M2 shades and 10mm diameter. 
The Rely X Veneer (3M ESPE, Canada) and Variolink II 
Base (Ivoclar Vivadent, Liechtenstein) composite resin-
based cements were used for determination of depth of 
cure in 2 different shades (A1 and A3). Rely X Veneer is 
used for only light-curing purposes, whereas Variolink II 
can be used as light-cured or dual-cured luting material. 
In this study Variolink II base (light-cured) was used to 
compare with Rely X Veneer. Measurements of depth of 
cure were performed according to ISO 4049:2000.    

The experimental procedure was as follows: A 
stainless steel mould was used for the preparation of a 
cylindrical luting composite resin (8mm long x 4mm in 
diameter). A black bottom was chosen for preparing the 
samples. The mould was placed onto a strip of transparent 
film on a glass microscope slide on the black bottom. The 
mould was filled with the test material (Rely X Veneer and 
Variolink II Base; A1 or A2 shade), prepared according 
to the manufacturer’s instructions and care was taken to 
avoid air bubbles. The mould was overfilled slightly and 
a second strip of the transparent film was placed on the 
top, followed by the second microscope slide. The mould 
and strips of film were pressed between the glass slides to 
displace excess material. Polymerization (Kavo Polylux II, 
750-mW/cm2) was performed for 40 seconds after placing 

Empress 2 porcelain sample (Vitapan 1M2 or 2M2 shade) 
on the mould.

The specimens were removed from the mould and the 
inadequately cured soft luting material was removed from 
the bottom of the mould with a plastic spatula. The height 
of the cylinder of the cured material was measured with a 
digital micrometer (Mitutoyo, UK Ltd) to an accuracy of 
±0.1mm (Mount & others, 2002; Fan & others, 2002; Cobb 
& others, 2000). The obtained values were divided by 2 and 
recorded as the depth of cure, according to ISO 4049:2000.  

The data were analyzed by ANOVA (SPSS 15.0 
package programme) and for multiple comparisons Tukey 
HSD was used.

Results

Mean depth of cure values and standard deviations are 
given in table 1, figure 1 and figure 2. The highest curing 
depth results were obtained with Variolink II Base (shade 
A1) under the porcelain laminate with the shade of 1M2 
and thickness of 1mm. The mean value for this group was 
3.05 ± 0.04 mm. 0.93 ± 0.01 mm was the lowest data which 
was obtained with Rely X  (shade A3) under the porcelain 
laminate with the shade of 2M2 and 1.8 mm thickness. Rely 
X (shade A3) gave the lowest values under all porcelain 
laminate specimen groups when compared with the other 
luting cements. Under the porcelain specimens with the 
shade of 2M2 and thickness of 1.8mm, the depth of cure 
values of all resin cement groups were lowest.

Table 1. Mean and standard deviation of the depth of cure values

Shade and thickness of 
porcelain specimens

Shade of the
luting cement

Mean 
(mm) (±) S.D.

1M2, 1mm

Rely X, A1 2.72 0.10

Rely X, A3 1.01 0.04

Variolink, A1 3.05 0.04
Variolink, A3 2.43 0.04

1M2, 1,8mm

Rely X, A1 2.42 0.03
Rely X, A3 0.94 0.02

Variolink, A1 2.67 0.06
Variolink, A3 2.40 0.02

2M2, 1mm

Rely X, A1 2.79 0.09
Rely X, A3 1.02 0.03

Variolink, A1 2.75 0.14
Variolink, A3 2.35 0.05

2M2, 1,8mm

Rely X, A1 2.37 0.03
Rely X, A3             0.93 0.01

Variolink, A1 2.50 0.03
Variolink, A3 2.32 0.04
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Table 2. Comparison of the mean depth of cure values under 
same porcelain specimens 

Luting material 1M2, 
1mm

1M2, 
1.8mm

2M2, 
1mm

2M2, 
1.8mm

Rely X A1 a e h k

Rely X A3 b f i l

Variolink A1 c g h m

Variolink A3 d e j k

Same letters in the same column indicate non-significant 
differences
(p>0.05, Tukey HSD test)

Figure 1: Mean depth of cure values of each luting cement under 
different porcelain specimens

Figure 2: Mean depth of cure values of different luting cements under 
same porcelain specimen group

Table 3. Comparison of the mean depth of cure values under 
different porcelain specimens 

Porcelain specimens Rely 
X A1

Rely 
X A3

Variolink 
A1

Variolink 
A3

1M2, 1mm a d f i

1M2, 1.8mm b e g i k

2M2, 1mm a d g k l

2M2, 1.8mm b c e h l

Same letters in the same column indicate non-significant 
differences 
(p>0.05, Tukey HSD test)

Table 4. Tests of between-subject effects

Source Type III
Sum of Squares df Mean Square F Sig.

Type of porcelain ,890 3 ,297 77,063 .000

Resin cement 39,023 3 13,008 3379,036 .000

Type of porcelain &  Resin cement ,648 9 ,072 18,713 .000

Comparisons of the mean depth of cure values under 
the same and different porcelain specimens are given in 
tables 2 and 3. Under the porcelain specimen group with 
the shade of 1M2 and thickness of 1mm, the depth of 
cure values of all resin cement groups were significantly 
different from each other (p<0.05). 

According to the analysis of variance (ANOVA), the 
effects of both luting cements and porcelain specimens 
either separately or together on depth of cure were found 
to be significant - p<0.001 (Tab. 4).

Discussion

The thickness, opacity and shade of composite 
resin materials were reported to reduce the available 
light energy to polymerize light cured resin systems14,15. 
Therefore in this study the effect of shade and thickness 
of porcelain veneers on depth of cure of 2 light-cured 
resin-based luting cements with 2 different shades was 
evaluated. To evaluate the effect of the curing capacity 
of the luting cement, depth of cure test method was used. 
As stated by Fan et al16 the ISO scraping test used to 
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determine depth of cure requires minimal instrumentation 
and can be performed easily. For this reason this method is 
also advisable for practitioners to establish the appropriate 
curing times for the various resin based composites used 
in the dental office and periodically verify the adequacy of 
the curing light and composite performance.

It is reported that light curing systems must emit 
radiation between 400 and 500nm9, while the radiation 
intensity must be at least 280 mW/cm2 to polymerize 
a 1mm thickness of composite resin17. For composite 
resins, generally, a light intensity of more than 400 mW/
cm2 is recommended1. Therefore in the present study, a 
halogen light cure device (Kavo Polylux II) of  750-mW/ 
cm2 

 was used.
The depth of satisfactory polymerization is very 

unpredictable in areas where the composite thickness is 
greater than 2mm18. This concept is important in direct 
composite application. But a very thin layer of luting 
resin is sufficient to cement porcelain veneers. Therefore 
the thickness and opacity of porcelain becomes more 
important in effecting the polymerization of luting resin 
cement. O’Keefe et al19 and Strang et al20 determined that 
thickness of a porcelain veneer affects the intensity of the 
light source to a greater extent than shade and opacity. The 
results of this study supported these findings. 

Chan and Boyer21 reported similar findings and 
established a formula to predict the required exposure time 
of composite resins under porcelain of varying shades 
and thicknesses. In the present study, similar to the study 
performed by Jung et al1, 40 seconds of exposure time was 
assumed to be enough for a satisfactory polymerization 
because of the light intensity of the light-curing device 
used.

The results obtained in this study showed that the 
composition (different brands) and shade of the luting 
material affected the depth of cure. Besides these affecting 
factors, porcelain thickness and porcelain shade is also an 
influencing variable on depth of cure. 

The obtained results showed that darker shade of 
the resin-based luting material is a significant factor 
on decreasing depth of cure. Especially, Rely X (Shade 
A3) decreased the depth of cure dramatically (nearly 2.5 
times). According to our results, when a dark shade of 
resin cement is needed, Variolink is a better alternative 
compared to Rely X. When shade of the resin cement 
is a lighter one (A1), the depth of cure values showed 
differences between Variolink and Rely X. But it seems 
not to be of clinical importance.    

The second finding was that the thickness of 
porcelain veneers influenced the depth of cure, except 
Variolink A3. But also these differences could not be 
interpreted as clinically important. 

The shade of porcelain affected the depth of cure of 
Variolink luting material significantly, but this difference 
is clinically non-significant.  

The present study showed that data obtained from 
Variolink A1, A3 and RelyX A1 resemble each other and 
that they can be used safely in clinical application.

Conclusions 

Within the limitations of this in vitro study, the 
following conclusions can be drawn:
1.   The shade of a luting resin material is an important 

influencing factor on depth of cure. When the shade 
gets darker, the depth of cure significantly decreases; 

2.  The porcelain thickness affects the depth of cure 
significantly (except Variolink A3). However, the 
porcelain shade exerts no effect on the depth of cure; 

3.  When the resin cement Variolink gets darker (A3), 
the porcelain thickness (1mm and 1.8mm) has no 
influence on the depth of cure; however, the shade 
does have an effect.
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