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Statement of problem: In making veneer restoration to restore the human teeth, it is essential 
to produce the color and the shape of the artificial restoration similar to the natural teeth and 
this is not easy produced. Therefore, the effect of cementation layer on optical characteristic of 
aesthetic restoration is one of the critical factors in controlling the aesthetic outcome of veneer 
restorations. 
The aim: The aim of this work is to evaluate the effect of luting cement on color and 
translucency of commercially available aesthetically ceramic veneer materials.  
Materials and methods: The materials used were Zirkon Zahn and IPS e.Max Empress. All the 
experimental samples of laminate veneers (LVs) were prepared using readymade veneer mould 
(3M ESPE) to standardize the thickness and the dimension of the tested samples. Single layer of 
the luting cement was applied on the fitting surface of the veneer samples. The samples 
prepared following the manufacturers’ instructions. Spectrophotometer was used to evaluate 
the color and translucency of tested samples.  
Results: The IPS e.max samples showed higher TP and Cab values compared with zirconia 
samples. However, color difference (∆E) values were higher for zirconia (3.28) compared with 
IPS e.max samples (2.92). Cement layer showed great effect on translucency and color 
parameter. Statistically, there was a high significant difference between tested samples (P-
0<0.000).  
Conclusion: The IPS e.max ceramic showed better color measurement than zirconia samples, 
however both materials found to be in the acceptable range of observation values. The luting 
cement had limiting the translucency and affects the aesthetic outcome. 
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1. Introduction  
A veneer is a layer of material placed over the labial surface of 

a tooth, either to improve the aesthetics of discolored tooth or to 
protect the tooth's surface from damage (Dhir, 2015). Surface 
spectral reflectance has effect on the color of an object. Three-
color systems (hue, chroma, and values) have been conventionally 
recognized; even though the translucency is one of the important 
factor in clinical selection of esthetic materials (Devigus et. al., 
2004; Baldissara et. al., 2010; and Shiraishi et. al., 2011). 
Spectrophotometers reported to be the most accurate 
instruments for measuring color in dentistry (Douglas et al., 2007, 
Chu et al., 2010 and Öngül et al., 2012). These instruments 
measure spectral reflectance and can express it in terms of three 
coordinate values (L*, a*, b*), which locate the object’s color 
within the CIE (Commission internationale de l’éclairage) L*a*b* 
color space. The CIE recommended calculating color difference 
(∆E) based on CIELAB color parameters. The L* coordinate 
represents the brightness of an object, the a* value represents the 
red (positive value) or green (negative value) chromacity, and the 
b* value represents the yellow (positive value) or blue (negative 
value) chromacity (CIE, 2004). The color difference (∆E) of two 
materials can be evaluated by comparing the differences between 
respective coordinate values of each material. A lower ∆E value 
means a closer color match between a specimen and a target color 
(Chu et al., 2010). There are two types of ceramic material used to 
fabricate a veneer: zirconia and IPS pressed ceramic. These 
materials were fabricated outside patient's mouth then bonded to 
the tooth surface using resin cement (Dhir, 2015, Chang et al., 

2009). Due to advanced technology and development in field of 
restorative dentistry, the concern about aesthetic restorations has 
been increased extremely. Dental professionals were challenged 
to construct restorations that duplicate form, function, and 
aesthetics of the natural teeth (Wee et al., 2002; Tung et al., 2002; 
and Lee et al., 2007). The human eyes easily distinguish between 
natural and artificial teeth even when there are a little differences 
in color and translucency (Heffernan et al., 2002 & Llie and Hickel 
2008). Translucency were described as a state between complete 
opacity and transparency (Powers 2006; and Pe´rez et al., 2010). 
Thickness, scattering, absorption coefficients, grain size and 
pigments were found to effect on the translucency of dental 
ceramic restorations. The translucency of a material is usually 
characterized employing the translucency parameter (TP), which 
defined as the color difference of a material of a given thickness 
over white and black backgrounds, and corresponds directly to 
common visual assessments (Johnston et. al., 1995). A zero value 
of TP is representing completely opaque material and the greater 
the TP value the higher the actual translucency of the material. 
Good color match, associated with proper translucency, usually 
give superior aesthetics of the restoration (Raptis et. al., 2006; 
Powers 2006; and Pe´rez et al., 2010). Translucency is highly 
related to the thickness of the ceramic layer to be crossed by the 
light beam which influenced by light scattering. Scattering of the 
light is effected by many factors, such as different refractive 
indexes with ceramic phases, voids and porosities, high crystalline 
content, and crystal number and size, especially when the crystal 
particles are slightly larger than the wavelength of the incident 
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light (Brodbelt et al., 1980; Antonson and Anusavice 2001). The 
aim of current study deals with evaluation of the color parameters 
and translucency of veneer materials commercially available 
(Zirconia, and IPS e.max empress) bonded by Variolink Esthetic 
dental cement using spectrophotometer apparatus. 

2. Materials and methods   

2.1. Sample preparation  

Materials used in this study were Zirconia (Zirkon Zahn–Italy) 
and IPS e.max Empress (Ivoclar. Viadent, Swisser-land) bonded by 
luting agent (Variolink Esthetic DC - Ivoclar Vivadent). Twelve 
samples of laminate veneers (LVs) were prepared using 
readymade veneer mould (3M ESPE, Seefeld, Germany) to 
standardize the thickness and the dimension of the tested 
samples.  

2.1.1 Zirconia samples preparation  

First, the veneer was prepared using light cure composite. The 
composite was filled in the veneer mould and cured by light cure 
for 20 seconds, then finished and polished. The final thickness was 
measured to be about 0.3 mm. Next, the composite veneer was 
fixed to a plate index in one side and zirconia block fixed in 
another side, then the block ground sequentially by milling 
machine to duplicate it to zirconia veneer. Later, the milled veneer 
was immersed in colouring liquid (A1 shade) for 5 second, then 
drying it under drying lamp for 10 minutes. The final sintering of 
zirconia veneer was done in sintering furnace for 9 hours. The 
glaze layer was done at a temperature of 9100C.  

2.1.2 IPS e.max samples preparation  

IPS e.max empress samples were prepared using ingot 
medium opacity A1. The veneer was prepared first from wax 
pattern filed into readymade mold to standardize their thickness, 
then invested with refractory material. Afterward, the wax pattern 
was burnout as in conventional procedure. The ingot of porcelain 
was milt and injected using Ivoclar furnace (E.P. 300 Swiss). Then 
after, facial surface was cutback (Remove thin layer from facial 
surface). The coloured layer was applied onto one side of the 
specimens and fired at 765°C. All the specimens were examined 
under magnified lens to exclude any specimen that showed any 
surface defects. Meanwhile, the thickness was measured at three 
central points located at each quadrant in the cervical, middle, and 
incisal thirds of the labial surface of the laminate veneers to be 0.3 
mm for all samples. 

2.2. Applying of luting cement layer 

The pre-treatment of the fitting surfaces of the laminate 
veneers was performed according to manufacturer’s instruction. 
Each fitting surface was first cleaned through rinsing it with water 
spray and drying with oil-free air. This was followed by 
conditioning with Monobond Etch & Prime using microbrush, 
which was agitated into the surface for 20 seconds. A thorough 
rinsing off Monobond Etch & Prime with water spray was 
performed until the green colour had disappeared followed by 
drying the restoration with a strong stream of oil- and moisture-
free compressed air for approximately 10 seconds. Subsequently, 
Monobond plus bonding agent was applied with a microbrush to 
the pre-treated surface, and was lifted for 60 s to react and then it 
was dispersed with a strong stream of air for 10 seconds. Single 
layer of the luting cement was applied on the fitting surface of the 
veneer using a microbrush and a new brush was used with each 
specimen. Separating medium (Vaseline) was applied on the 
lower part of the mould. The readymade mould (3M. ESPE) was 
used to standardize the thickness of cement layer and measured 
with veneer calibre to be about 0.1 mm in three different parts. 
Then the veneer was pressed firmly over the labial surface of the 
model and cured. The labial surface of the laminate veneers was 
subjected to a polymerization light using LED curing unit (SDI 
radii Plus Australia) with light intensity ≥ 500 mW/cm2 for 20 

seconds at a distance of 10-15 mm by moving the polymerization 
light in a circle in clockwise direction.  

3. Measurement of color and translucency 

Color (E) was measured according to CIEL *a*b* system 
using spectrophotometer (Visible and UV/Visible Spectro-
photometer- Shimadzu mini 1240- Japan) operating in the light 
range 0f 400-700 nm equipped with integrating sphere. The 
samples were directly tested by the spectrophotometer without a 
model. Color differences between black and white background 
readings were used for the analysis of translucency parameter 
(TP) and Chroma, 

𝐶𝑎𝑏
∗ = √(𝑎∗2 + 𝑏∗2)                                                                                    (1) 

Color measurement of each sample was done over white and 
black backgrounds in three coordinate dimensions of L*: from 0 
for “black” to 100 for “white” using the following equation, 

∆𝐸 = √(𝐿1
∗ − 𝐿0

∗ )2 + (𝑎1
∗ − 𝑎0

∗)2 + (𝑏1
∗ − 𝑏0

∗)2                                   (2) 

Where: a*- denotes green-red colors (a*=green, +a*= red), b*- 
denotes blue-yellow colors (b*=blue, +b*= yellow), 0- represents 
the reflectance mode before the placement of cement (control), 1- 
represents the reflectance mode after the placement of cement. 
The translucency parameter (TP) of each sample was calculated 
using the following equation, 

𝑇𝑃 = √(𝐿𝐵
∗ − 𝐿𝑊

∗ )2 + (𝑎𝐵
∗ − 𝑎𝑊

∗ )2 + (𝑏𝐵
∗ − 𝑏𝑊

∗ )2                              (3) 

Where: the subscription B and W denotes the measurement 
modes on black and white backgrounds respectively. The 
measurements of all the above-mentioned parameters were taken 
on nine different areas of each sample and the mean was 
displayed for each parameter.  

4. Statistical analysis 

Data analysis was performed in several steps. Initially, 
descriptive statistics for each group results. One way ANOVA 
followed by pair-wise Tukey’s post-hoc tests were performed to 
detect significance between groups. Paired sample t-test was used 
to compare between pairs of groups. Statistical analysis was 
performed using SPSS IBM V.22. P values ≤0.05 are considered to 
be statistically significant difference between groups. 

5. Results 

Table 1, Fig. 1 and Fig. 2 show the mean values of translucency 
parameter (TP), color differences (∆E) and total CIE coordinate 
(L*, a*, b*) before and after applying cement layers. It can be seen 
that IPS e.max samples displayed higher TP compared to zirconia 
samples (19. 17 and 13.11 respectively). In addition, Cab values 
were higher for IPS e.max compared to zirconia samples. 
However, ∆E values were higher for zirconia (3.28) compared to 
IPS e.max samples (2.92) indicating that zirconia is more opaque 
than that of IPS e.max materials. Statistically, there was a high 
significant difference between two tested groups. From the results 
the luting cement has an impact in the color and translucency of 
ceramic materials and was reduced the color parameter values for 
both materials. 

Table 1 
Comparison of color parameters and translucency of Zirconia and e.max. 
IPS samples.  

Samples TP 𝐶𝑎𝑏
∗  E 

Zr. 13.200.61 12.540.28 3.280.05 

Zr. With cement 11.500.20 14.390.25  

e. max 19.640.52 21.460.31 2.920.34 

e.max. with cement 17.960.86 23.750.34  

P-Value 0.000** 0.000* 0.000** 
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5. Discussion 

The materials used in current study are widely accepted as 
aesthetics materials as well are available on the local marked and 
used in daily clinical practise. The use of color measurement 
devices such as colorimeters and spectrophotometers has become 
popular because of their accuracy, standardization, and numerical 
expression of colors (Dozic et al., 2007; Lehmann et al., 2011 & 
Llena et al., 2011). The translucency of a material is laid between 
complete opacity and transparency (Powers 2006 & Pe´rez et al., 
2010). 

 
Fig. 1. Bar chart of Cab values for e. max and zirconia 
samples before and after applying cement layer 

 

 

Fig. 2. Bar chart of TP values for e. max and zirconia 
samples before and after applying cement layer 

The translucency of a material is usually evaluated by the 
translucency parameter (TP), which is the color difference of a 
material of a given thickness over a white and black backgrounds, 
then corresponds directly to common visual calculations 
(Johnston, 1995). Good color match, combined with proper 
translucency, usually produce superior aesthetics of the 
restoration (Raptis et al., 2006, Powers 2006 & Pe´rez et al., 
2010). The threshold ∆E value, which is perceptible to half of the 
dentist observers, is about 2.6 ∆E units, and the acceptability 
tolerance for half of the dentist observers is 5.5 ∆E units (Douglas, 
et al., 2007). The observation of the current study lay in this 
range. The materials that showed highly differences in their 
translucency values would be effect on the final restoration that 
are detectable by human eye (Shah et al., 2008). The optical 
behaviour of a restoration needs to be similar to that of the 
replaced natural tooth (Shah et al., 2008). IPS e.max samples 
demonstrated the slightly higher TP value than Zirkon Zahn, 
probably due to the intrinsic optical properties of the material. 
This may be due to small differences in internal structure and 
composition of the material and by the effect of milling process on 
the crystalline structure of the zirconia samples. There are various 
causes of diffusion within polycrystalline ceramic materials 
(Heffernan et al., 2002; Chaiyabutr et al., 2011 & Antonson and 
Anusavice 2011). The white opaque composite resin foundation 
increased the L* and b* values of the ceramic restorations and 
made the resultant restorations more yellow. The increase in b* 
values for this group may due to the greater influence of the 
yellow luting agent against the white foundation material. The 
masking ability of the ceramic restorations depends on the optical 
properties of the material itself (Niu et. al., 2013). The lower the 
percentage of light that is scattered and diffusely transmitted, the 

more opaque the material will appear. Degree of translucency 
found to be varies between different ceramic systems (Heffernan 
et al., 2002, 2008; Spear et al., 2008 and Kelly & Benetti, 2011). 
Subsequently, by increasing in crystalline content that give high 
core strength tend to be more opacity results in greater opaque 
material. Zirconia-based ceramic system has a higher opacity that 
can mask underlying color but cannot be manufactured without 
commercial laboratory facilities (Conrad et al., 2007, and Kelly & 
Benetti, 2011). 

6. Conclusions 

Within the limit of this study, the following conclusion was 
drawn. The IPS e.max ceramic showed better color parameter 
than zirconia samples, however both materials found to be in the 
acceptable range of observation values. The luting cement had 
limiting the translucency and effects the aesthetic outcome. 
Spectrophotometer has been found to be reliable method for 
measuring the transparency of aesthetic materials.  
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