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AbstrAct
Objectives: The aim of this study was to assess the influence of various ceramic thicknesses and 

luting agents on color variation in five ceramic systems. 
Methods:  Fifteen disc-shaped ceramic specimens (11 mm diameter; shade A3) were fabricated 

with each of the six veneering ceramics tested, with 1, 1.5, or 2 mm thickness (n=5). Resin composite 
discs (Z-250, shade C4) were used as bases to simulate a chromatic background. The cementation of 
the veneers was carried out with an opaque resin-based cement (Enforce, shade C4), a resin-based 
cement (Enforce, shade A3), or without cement (C4, control group). Color differences (ΔE*) were de-
termined using a colorimeter. Three-way ANOVA was used to analyze the data, followed by a Tukey 
post-hoc test (α=.05). 

Results: The L*a*b* values of the ceramic systems were affected by both the luting agent and the 
ceramic thickness (P<.05). In general, there was no difference between the control group and the 
group using the resin-based cement. The use of an opaque luting agent resulted in an increase of 
the color coordinates a*, b*, L*, producing differences in ΔE* values for all ceramics tested, regard-
less of the thickness (P<.05). For the 2-mm thick veneers, higher values in the color parameters 
were obtained for all ceramics and were independent of the luting agent used. 

Conclusions: The association of 2-mm thickness with opaque cement presented the strongest 
masking ability of a dark colored background when compared to a non- opaque luting agent and the 
other thicknesses tested. (Eur J Dent 2011;5:245-252) 
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The search for an optimal anterior tooth with 
ceramic veneers has intensified in recent decades 
as a result of patients’ expectations for achiev-
ing aesthetic results that include an individual-
ized color-matching between the ceramic and 
adjacent natural dentition.1-3 Although problems 
such as marginal leakage, secondary caries, tooth 
sensitivity, and displacement or fracture have be-
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come less frequent,4-6 the final color matching of 
ceramic veneers to adjacent natural dentition re-
mains problematic.7 Replicating the appearance 
of tooth structure requires careful control of the 
form, surface texture, translucency, and color of 
the restoration.8

Obtaining the desired final color in a ceramic 
restoration is complex and constitutes a chal-
lenge because factors such as the degree of opal-
escence, translucency, fluorescence, surface 
texture and shape properties, ceramic brand2,8,9 
and batches,9 number of ceramic firings, and the 
condensation technique10-12 may also affect the 
final shade of the ceramic. In addition, the final 
color may be affected by the combination of ce-
ramic color and thickness, together with the lut-
ing agent and the color of the underlying dental 
structure.3,4,10,12,14-16  As a result, in some cases, the 
ceramic color chosen may not correspond with the 
exact color of the tooth.

When evaluating the final aesthetic quality of 
ceramic veneers, recognizing the extent to which 
the restoration masks color variations that may 
be present in the underlying dental structure is 
mandatory in composing a harmonious effect with 
the adjacent natural teeth and reproducing optical 
properties similar to those present in the dental 
structure.12 As a consequence, the overall color 
produced should not be separately evaluated.17

Color is characterized as a sensation ob-
tained through proprioceptive mechanisms, and 
standardized colorimetric techniques have been 
developed to characterize colors in terms of nu-
meric values.8 The CIE L*a*b system of colors was 
created based on the primary colors18 to eliminate 
inconsistencies inherent in color perception and 
specification among varied observers.8 Several 
color studies have evaluated isolated factors that 
may cause color alterations in ceramic material, 
such as repeated firings, ceramic thickness, glaz-
ing, and batches.8,10,19,20 However, few studies have 
evaluated the interaction of factors that comprise 
the ceramic restoration, especially considering 
that the restoration will function as one body (un-
derlying dental structure, luting agent, and ce-
ramic thickness) resulting in the final aesthetic 
aspect.17 Taking this into account, a comprehen-
sive determination of thickness, luting agent, and 
background color altogether will optimize color 
selection.4,10,16,17 

The aim of this study was to evaluate the effect 
of luting agents and ceramic thicknesses cement-
ed on a chromatic background on the final color of 
the ceramic. The null hypothesis tested was that 
there would be no difference in the ceramic color 
when the thickness of the ceramic and color of the 
luting agent were varied. 

MAtErIALs And MEtHods
For this study, six ceramics were used: Vita-

dur-Alpha (Vita Zanhfabrik, Bad Sackingen, Ger-
many); Noritake Super Porcelain EX-3 (Noritake 
Kizai Co., Ltd., NG, Japan); Vision-Esthetic (Servo 
dental, Cologne, Germany), IPS Classic (Ivoclar 
Vivadent, Bendererstrasse Schaan, Liechten-
stein), All Ceram (Ducera, Rosbach, Germany), 
and Vintage Halo (Shofu, Shangai, Japan). Fifteen 
ceramic discs were manufactured from each ce-
ramic and divided into 3 groups (n=5) according to 
the thickness (1, 1.5, or 2 mm), using an adjustable 
standardized metallic matrix (11 mm diameter). 
The discs were fired, followed by glazing (Titan 
99, EDG Equipments Ltd, São Paulo, Brazil), ac-
cording to the manufacturers’ recommendations. 
After firing, the disks were ground on the veneer 
side using 220-, 400-, and 600-grit sandpaper un-
der water cooling to standardize the surfaces, fol-
lowed by polishing with silicone points (Exa Cer-
apol, Eve, Pforzheim, Germany).

To simulate the color of a dark underlying den-
tal structure, background discs, color C4, with 30 
mm diameter, were made using resin composite 
(Filtek Z-250®, 3M ESPE, St Paul, MN, USA). The 
ceramic discs with varying thicknesses were seat-
ed on the dark background of the resin composite 
with either resinous opaque cement (C4OP, En-
force, DENTSPLY®, São Paulo, Brazil) or resinous 
cement (C4A3; Enforce, DENTSPLY®), according to 
manufacturers’ instructions. Another group, with-
out cement, served as a control. The luting agents 
were applied and pressed onto the inner (non-
glazed) surface between the ceramic and a glass 
slide using a micrometer (Mitutoyo, Neuss, Ger-
many), producing a cement thickness of 0.2 mm. 

Color evaluation
The evaluation of the color parameters was 

determined using the CIE Lab system of colors 
using a colorimeter (Color-Guide®, BYK-Gardner, 
Columbia, MD, USA). In the CIE Lab system, the 
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place of a color in the space is defined in terms of 
3 coordinates: L*, a*, and b*. The L* coordinate is 
a measure of the lightness-darkness of the speci-
men, on a numerical scale from 0 (black) to 100 
(white). The measure of the total difference of col-
or between 2 objects is described by ΔE. Color dif-
ferences above 3.7 units are visually detected. The 
formula used to calculate the ΔE was: ΔEab* = [(ΔL 
*)2 + (Δa *)2 + (Δb *)2]1/2. The ΔE values were graded 
as follows: ΔE < 1 = not appreciable, ΔE < 2 = clini-
cally acceptable, ΔE > 2 = clinically unacceptable, 
ΔE > 3.7 = clinically unacceptable with very poor 
match.17,21,22 The L*a*b* color notation for each 
specimen was measured 3 times consecutively, 
and an average was calculated to give the initial 
color of all substrata. A ΔE >3.7 was considered to 
be clinically unacceptable.

Statistical analysis
Statistical analyses were performed employ-

ing a significance level fixed at 5%. The null hy-
potheses assumed no differences among ceramic 
thickness and luting agents. Data that violated the 
assumptions of equality of variances and normal 
distribution of errors were transformed and ana-
lyzed by three-way ANOVA, followed by the Tukey 
test. The influence of the different ceramic thick-
nesses, luting agents, and their interaction on the 
final color of the ceramic veneers were analyzed.

rEsuLts 
Three-way ANOVA showed that the mean val-

ues of L*, a*, and b* were often significantly influ-
enced by the ceramic brand, luting agent, thick-
ness, and interaction terms of the 3 variables 
(Table 1, P<.001). For all the ceramics tested, in 
general, the thickness of 1.5 and 2 mm resulted in 
higher a*, b* and L* values when compared with 
the 1 mm thickness, regardless of the luting agent 
applied (Figures 1, 2 and 3). The use of an opaque 

cement resulted in higher a*, b*, and L* values for 
all thicknesses and ceramics tested. 

Lower a* values were obtained in the 1 mm 
thickness ceramics without the opaque, while 
the use of the opaque cement with 1.5 and 2 mm 
thicknesses resulted in higher a* values (P<.05). 
No difference occurred between the 1.5 and 2 mm 
thickness when the opaque cement was applied 
(Figure 1).  

Following the same trend as the a* values, 
higher b* values (P<.001) were obtained when the 
opaque was applied, except for the ceramics Vin-
tage Halo and Vision Esthetic, which did not result 
in differences in b* values (P>.05). The use of 2 
mm ceramic with an opaque luting agent resulted 
in the higher b* values (Figure 2). For all ceramics 
tested, the use of an opaque cement resulted in 
higher L* values when compared to the other ce-
ments (P<.001). 

A significant increase in L* with 2 mm thick-
ness was obtained for all ceramics tested. When 
the opaque cement was associated with ceramics 
with 2 mm thickness, the highest L* values could 
be observed (P<.001, Figure 3). For the ΔE* values, 
the results showed that the use of the opaque ce-
ment resulted in higher ΔE* (P<.001). In addition, 
the use of the 2 mm thickness ceramic leaded to 
the higher ΔE* value (P<.001), except for Vision 
Esthetic, which presented the same ΔE* value 
when comparing 1 and 2 mm thickness. The high-
est ΔE* values were obtained with the combina-
tion of a ceramic thickness of 2 mm with a cement 
containing opaque (Table 2). 

dIscussIon
This study simulated a clinical situation in 

which veneers are not individual layers of ce-
ramic, but rather comprise a complete unit, with 
a background simulating the dentin, the luting 
agents, and the ceramic layers.17 The influence of 
the type of luting agent used and the different ce-
ramic thicknesses, which can vary clinically, were 
evaluated to verify their influence on color param-
eters.4,10,20,23,24 All-ceramic restorations luted to 
the tooth substrate are influenced by the shade 
and thickness that contribute to the final appear-
ance of the ceramic restorations.17,25 The use of an 
opaque luting agent resulted in higher values for 
all color parameters evaluated when compared to 

Source L* a* b*

Ceramic <0.0001 <0.0001 <0.0001

Luting agent <0.0001 <0.0001 <0.0001

Thickness <0.0001 <0.0001 <0.0001

Ceramic x luting agent <0.0001 <0.0001 <0.0001

Ceramic x thickness <0.0001 <0.0001 <0.0001

Luting agent x thickness <0.0001 <0.0001 <0.0001

Ceramic x luting agent x thickness 0.8447 0.0878 0.0424

Table 1. P-values of 3-way ANOVA in accordance to with color parameters.
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the non-opaque cement. This resulted in reddish 
(a*), yellowish (b*), and lighter (L*) ceramic speci-
mens, with increased ΔE* values for all ceramic 
tested (Table 2). To evaluate color in all ceramic 
veneers, it is important to consider the role of the 
luting agent in masking the background shade.25  
In a general way, there was no difference in the 
color parameters when comparing non-opaque 
and the control group (without cement). From the 

present study results, it appears that the use of 
a luting agent without opaque qualities did not 
bring any benefit to mask a darkened background. 
Availability of different cement shades allows 
small aesthetic corrections, which may be instru-
mentally detectable, but are not clinically rel-
evant.14 Additionally, the use of an opaque luting 
agent was associated with increased values of the 
L* color parameters, resulting in lighter ceramic 
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Figure 2. b* values.

Figure 3. L* values.

Figure 1. a* values. 
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specimens for all the ceramic used regardless of 
the ceramic thickness (Figure 3). This finding may 
suggest a possible resource for improving the es-
thetics of darkened teeth. 

In this study, varying thicknesses of the ce-
ramics influenced the color parameters evalu-
ated, overall presenting higher a*, b*, L* values 
when thicker veneers were used, regardless of 
the luting agent, therefore resulting in ΔE*values 
above the 3.7 units that are visually detected (Fig-
ures 1, 2 and 3). Apparently, increasing dental ce-
ramic thickness results in increased b* values.26 
In this study, ceramics with 2 mm thickness had 
an increased L* parameter resulting in lighter 
ceramic specimens, promoting higher masking 
of the darkened background. The increase of 0.4 
mm in specimens with 1 mm thickness has been 
shown to have no influence on the color proper-
ties of different ceramics, although the increase 
may be clinically relevant.17 Also, the final esthetic 
result of IPS-Empress all-ceramic/glass-ceramic 
restorations was not affected by the presence of 
varying substrates with different colors when the 
thickness was more than 2 mm.14 

The six ceramics tested presented initial burn-
ing temperatures varying from 400 to 600oC. Sin-
tering temperatures also varied from 770 to 950oC. 
The importance of these temperatures is that 
varying temperatures (i.e., different from those 
recommended by the manufacturers) leads to col-

or variation.27 The composition of the conventional 
(feldspathic) ceramics tested as supported by the 
manufacturer is (mol%) 59.5–70 SiO2, 11–18 Al2O3, 
3–8 Na2O, 7–14 K2O, and a smaller amount of other 
oxides and pigments, depending on the ceramic 
manufacturer. The differences among ceramics 
may be important when choosing specific ceram-
ic systems, as materials have different particle 
sizes, packing volumes, and refractive indices.28 
For instance, if we compared a densely sintered 
alumina, such as Procera, with a conventional ce-
ramic, such as Vitadur Alpha, the first possesses 
significantly better contrast ratios and masking 
ability, as a high percentage of alumina intercepts 
incident light more efficiently than the feldspathic 
ceramic.29 Laboratory experience and expertise 
should be also taken into account30 when selecting 
a specific ceramic amongst the available systems.

The interaction of ceramic thickness and type 
of luting agent was also significant in this study 
(P<.001), increasing all color parameters. The 
highest a*, b*, L*, and ΔE* values resulted from 
the association of an opaque luting agent with a 
2 mm thickness veneer (Figures 1 and 2; Table 
2). Ceramic specimens with 1 mm thickness with 
the opaque luting agent presented increased 
color values (a*, b*, L*) when compared to the 
resin based and controls with the same thickness. 
However, the values of all color parameters, es-
pecially L*, were smaller when compared to the 

Cubas, Camacho, Demarco, Cenci    

Product Name
Ceramic Thickness

(mm)

ΔE*

C4OP C4 C4A3

Vitadur Alpha

1 13.7 (1.8) 3.5 (1.1) 4.2 (0.8)

1.5 18.1 (1.9) 0.3 (0.1) 0.8 (0.4)

2 18.7 (2.5) 6.2 (0.9) 4.9 (0.6)

Vintage Halo

1 16.3 (1.0) 4.1 (0.5) 4.3 (0.9)

1.5 22.2 (7.6) 3.0 (2.0) 1.3 (1.3)

2 23.7 (1.7) 13.1 (0.9) 7.7 (0.5)

Vision Esthetic

1 15.6 (0.7) 3.9 (0.3) 5.1 (0.6)

1.5 15.9 (1.6) 0.9 (0.4) 0.4 (0.1)

2 14.4 (1.0) 7.5 (1.1) 4.2 (0.2)

IPS Classic

1 17.0 (1.9) 4.4 (1.1) 7.4 (1.5)

1.5 20.4 (3.2) 0.2 (0.1) 0.8 (0.4)

2 20.3 (1.7) 9.2 (1.0) 5.4 (0.8)

All Ceram

1 13.5 (0.7) 3.1 (0.4) 4.3 (0.6)

1.5 10.6 (0.9) 0.2 (0.1) 0.5 (0.2)

2 14.2 (0.5) 8.0 (0.7) 5.5 (0.2)

Table 2. ΔE* for the tested ceramics. Values are mean (standard deviation).
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other groups tested, when thicker veneers (1.5 
and 2 mm) were used. This may represent a di-
minished capacity to mask the background color; 
therefore, the aesthetic result may not be satis-
factory. These results corroborate another study, 
which found that if the ceramic thickness is less 
than 1 mm, a color match of the abutment is re-
quired to ensure an acceptable aesthetic result.14 
When ceramic thickness decreases to 1.5 mm, 
it is advisable to take the substrate aspects into 
consideration.14 Although deeper preparation for 
ceramic veneers presents some disadvantages 
related to the adhesion of the veneer to the un-
derlying dental structure and more sound tissue 
removal (the increased amount of tooth reduction 
thereby necessary can jeopardize pulpal health), it 
also promotes enhanced masking of the darkened 
tooth.29,31

The choice of using a chromatic background 
was intended to simulate a typical clinical condi-
tion in which a dark underlying dental structure 
is present and a ceramic veneer restoration is 
planned.4,31 The background color of an aesthetic 
restoration is more or less chromatic, and the 
thickness of the material can vary.4,16 The use of 
black and white backgrounds has been reported in 
several studies in order to standardize the collec-
tion of the color data, but this methodology can in-
fluence the final color of the ceramic.17 Clinically, 
a composite restoration with a white cement base 
may appear lighter, more reddish, and more satu-
rated than that with a dark background.16 This ef-
fect becomes smaller as the thickness of the sam-
ple increases.16 When increasing resin thickness, 
the resin may appear darker and less chromatic 
with a white background, and lighter and more 
chromatic with a black background.32 Therefore, a 
sample may be more or less chromatic depend-
ing on its thickness and whether the background 
is white or black.32

A limitation of this study is that only one ce-
ramic shade (A3) was tested; other ceramic 
shades may perform differently.17 Ceramics with 
higher chromatic shades are more affected by 
changes in enamel-ceramic thickness than are 
those with lower chroma.23 Different shades of the 
same ceramic with the same thickness can pres-
ent differences in light transmission, resulting in 
differences in optical performance and color pa-
rameters.24,26 In this study, only one luting agent 

thickness was used for standardization purposes. 
However, differences in cement thickness (0.1 or 
0.2 mm) may slightly affect the final result in ce-
ramic veneers.14 Conversely, as this parameter 
can only be controlled by the operator to a cer-
tain extent, it may not be considered as a proce-
dure for attaining correct color.14 Additionally, it is 
important to highlight that the masking ability of 
ceramic materials can be evaluated with a spec-
trophotometric instrument in terms of the opac-
ity or contrast ratio. The contrast ratio (CR=Yb/
Yw) is defined as the ratio of illuminance (Y) of the 
test material when it is placed over a black back-
ground (Yb) to the illuminance of the same ma-
terial when it is placed over a white background 
(Yw).33-35 Some colorimeters approximate with 
filters the light from a specific illuminant and the 
specific observation characteristics of the human 
observer. This color data is then valid only for that 
illuminant and observer. Significant advantages 
to spectrophotometric measurements include the 
ability to analyze the principal components of a se-
ries of spectra and the ability to convert spectro-
photometric measures to various color measures. 
Also, a distinct advantage of the CIE Lab system of 
colors is the simplicity of calculating a color dif-
ference between two colors using the previously 
described formula.17,21,22,35

Although in vitro studies simulate clinical real-
ity and may be a clue as to how these restorations 
will perform clinically, randomized controlled tri-
als are necessary to investigate the magnitude of 
color alterations and their differences under clini-
cal conditions. Studies that analyze ceramic resto-
rations as a unit composed of dental substratum, 
luting agent, and ceramic thickness could help 
in understanding the factors involved in produc-
ing the final color of a ceramic restoration.17 Such 
information would be useful for establishing a 
guideline for daily practice and  could help to de-
termine the need for tissue reduction associated 
with product selection, to increase the capacity of 
different ceramic systems in masking dental color 
substratum, and to assist in optimize shade selec-
tion. 

concLusIons
Within the limitations of this study, it can be 

concluded that the thickness of a ceramic mate-
rial can affect its translucency and color, there-
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fore presenting higher capacity for masking a dark 
substrate when fabricated with higher thickness. 
Knowledge of the color properties of ceramics 
enables the clinician to make appropriate choices 
when a restorative material is chosen in esthetic 
challenging cases.
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