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Highlights 
 Color matching as well as good translucency give excellent aesthetics of the restoration.  
 To select a good color and proper translucency of veneer restoration, the underlying resin cement should be carefully 

selected to avoid clinically unacceptable restoration.  
 The resin luting cement found to be slightly affecting the translucency of veneer material. 
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Statement of problem: Different types of resin cements may harmfully affect the translucency 
and transparency of esthetic restorations particularly for thin ceramic laminate veneers. 

Aim: To assess the effect of using two resin cements as luting agent on the transparency and 
translucency of laminate veneer prepared from IPS Empress ceramic. 

Materials and methods: Two dual-cured resin cements systems from different manufacturers 
were used for this study (MetaCem and Totalcem). Fifteen samples of laminate veneers (LVs) 
were fabricated from IPS e.Max Empress using a ready-made mould to standardize the form 
and dimension of prepared samples, then the samples were divided into three groups (n=5). 
Group (Gp1) was e.Max veneer samples without luting cement (control group), and the other 
two groups (Gp2 and Gp3) were using two cements (test groups). The resin cement was pre-
pared according to the manufacturers' instructions, and then a layer of luting agent was applied 
on the fitting surface of the veneer samples and cured by light. The translucency and transpar-
ency of all samples were evaluated using a spectrophotometer. 

Results: e.Max veneers without luting cement (Gp1) showed slightly higher absolute translu-
cency (76.8 ±3.3) than MetaCem samples (Gp2) (74.93.8), while veneers cemented with To-
talcem (Gp3) displayed the lowest value (70.83.9). Statistically, found no significant difference 
between e.Max veneer (Gp1) and the two luting cements (Gp2 and Gp3) (P 0.066) in the abso-
lute translucency. However, a significant difference between the tested groups in their relative 
translucency was detected (P .047). T-test showed no significant differences between the luting 
cements types (Gp2 and Gp3) in their absolute and relative translucency (P 0.134 and P 0.178 
respectively). 

Conclusions: The luting cement slightly affect the translucency of the veneer material, how-
ever, both cements found to be acceptable and no significant effect on the translucency and 
transparency of IPS e.Max Empress LVs. 
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1. Introduction 

Recent improvements in ceramic systems and resin cements 
make them possible to create restorations with optical properties 
mimic those of the natural teeth. Laminate veneer is an esthetic res-
toration of a thin layer placed on the facial surface of anterior teeth 
to enhance their aesthetics or to correct their malformation shapes, 
may also shield the facial surface of the tooth from destruction 
(Dhir, 2015). Porcelain laminate veneers (PLV) are very conserva-
tive restorations permit superior translucency and consist of 0.5 to 
1.0 mm thick ceramic bonded to prepared or unprepared teeth 
with luting resin cement (Heffernan et al., 2002). When tooth sur-
face exposes to light, the tooth will reflect, diffuses, absorbs and 
transmits light. Therefore, the color property of veneer restoration 
should be similar to natural tooth structures (Raptis et al., 2006). 
Consequently, the dentists have to do their effort to construct res-
torations that have the same shape, function, and aesthetics of 
neighboring natural tooth. Human eyes are able to discriminate be-
tween natural and artificial one even in slight differences in color 

and translucency (Heffernan et al., 2002, Llie and Hickel 2008). 
There are three-color coordinates (hue, chroma, and lightness) 
have been usually considered; however, translucency ruminates 
another essential factor in the choice of clinical uses of restorative 
materials (Baldissara et al., 2010, Shiraishi et al., 2011). Translu-
cency is defined that part of the light is transmitted through the 
material and known as a state between full opacity and transpar-
ency (Powers, 2006). The translucency of ceramic restorations was 
found to be affected by thickness of the ceramic layer, where that 
thinner ceramics layer more translucency as reported by Shokry et 
al., (2006), scattering and absorption coefficients of the light, voids 
and holes, ceramic type, crystal number, and their size also found 
to effect in translucency of ceramic materials (Azer et al., 2006). In 
addition, ceramic, luting cement shade, and thickness can also in-
fluence translucency (Vichi et al., 2000, Turgut and Bagıs 2011, 
Alqahtani et al., 2012, Turgut and Bagıs 2013). The translucency of 
a subject is often considered using translucency parameter (TP), 
which known as the color variance of a material with a specific 
thickness in regard to white and black backgrounds when light 
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passes through the material (Johnston et al., 1995). Zero value of 
TP indicated a very opaque material. A high TP value indicates a 
large actual translucency of the material. The translucency of PLV 
materials very important factor in the color-matching process due 
to that ceramics allow light transmission and scatter, which will in-
fluence the shade of restoration (Chaiyabutr et al., 2011). 

The clinical success and longevity of these ceramic restorations 
is partly depended on the dental cements and cementation tech-
nique (Hitz et al., 2012). Applications of dental cements are to bond 
restoration to tooth structure and offered to maintain the restora-
tions into their stable position in the oral environment. Different 
types of resin cements are indicated for cementation of ceramic 
restorations. These cements are classified into three types accord-
ing to methods of the polymerization process; 1-chemically-acti-
vated cements, 2-light-cured cements, 3-dual-cured cements. It has 
been reported that success of all-ceramic restorations depends 
mainly upon the light-cured resin-based cements that were devel-
oped to overcome drawbacks of chemically cured, non-resinous ce-
ments (Manso et al., 2011). Light-cured resin based cements have 
the clinical advantages of color stability, low solubility, low radio-
pacity, good esthetic and biocompatibility (Braga et al., 2002; Soa-
res et al., 2005). The benefits of dual-cured resin cements are; 
working time that can be controlled and ensure polymerization in 
areas that are unreachable to light. In addition, this system offers 
actual, strong bond and well marginal adaptation between tooth 

structure and filling materials (Soares et al., 2005). However many 
researchers have reported that luting resin cements underlying 
porcelain restorations with different shades can affect the appear-
ance of ceramic veneer restorations and some of them showed var-
ying degrees of intrinsic discoloration which may show-through 
and affect the outlook of translucent all-ceramic restorations (Vichi 
et al., 2000; Nathanson and Banasr, 2002; Chang et al., 2009; Kilinc 
et al., 2011; Chen et al., 2015; Herandes et al., 2016). Hence, clini-
cians should take most care to achieve a good color match for PLVs 
because of their high translucency and small thickness. On the 
other hand, other studies reported that resin cement has no re-
markable effect on the color of final restorations. (Vichi et al., 2000; 
Azer et al., 2006). The present study was aimed to assess the effect 
of two luting agents on the translucency and transparency of IPS e. 
Max Empress esthetic ceramics laminate veneers. 

2. Materials and methods 

2.1. The materials, which used in this study composed 

Two dual-cured resin cements systems from different manufac-
turers (Metacem, CO. LTD, Republic of Korea, and TotalCem, Itena 
Clinical, Paris-France). Ceramic veneer material, IPS e. Max Em-
press (Ivoclar Viadent, Schaan, Liechtenstein-Germany).and  read-
ymade mould represented maxillary central incisor (3M ESPE, See-
feld, Germany). These materials are shown in Table 1. 

Table 1  

Materials used in the current study. 

Material Brand name Material type Shade Manufacturer 

Resin cements 
Metacem Dual-cure Translucent META BIOMED, CO. LTD, Republic of Korea   
TotalCem Dual-cure Translucent ITENA CL.INICAL, Paris – France 

Ceramic 
IPS e.max Em-

press 
Lithium-disilicate based A1 

IPS e.Max Empress, Variolink Veneer, Ivoclar Vivadent, Schaan, 
Liechtenstein 

 

2.2. Sample preparation 

Fifteen of IPS e. Max Empress veneers samples (LVs) were fab-
ricated using a readymade mould represent maxillary central inci-
sor (3M ESPE, Seefeld, Germany) (Fig. 1), thickness and the dimen-
sion of all the tested samples were standardized.  

 

Fig. 1. A ready-made mould of laminate veneer (3M ESPA). 

The IPS e. Max Empress samples were constructed in the labor-
atory from ingot medium, (opacity) shade A1. The LV was fabri-
cated from the wax pattern and then invested with the refractory 
material. The invested wax pattern placed in electrical furnace and 
burnout as the same conventional process. The ingot of IPS e. Max 
material was heated until melting and injected into the mould. Af-
ter cooling down, the veneer was taken out from the mould then 
finished and polished. By using cutback technique thin layer was 
removed from labial surface followed by application of a layer of 
neutral-shade glaze and fired at 765 °C (Ivoclar furnace E.P. 300 
Swiss). All samples were checked to exclude any sample that has 
any surface defects under a magnified lens. Using digital caliper 
(Electronic Digital Caliper, Shan,mChina) all samples were meas-
ured at three points in the center of the cervical, middle, and incisal 

third of the facial surface. The thickness of each LV was intended to 
be approximately 0.3 mm. All samples of LVs were divided into 
three experimental groups (n=5). Group1 (Gp1): The e.Max veneer 
samples without luting cement served as a control group. Group2 
(Gp2); e. Max veneer samples with luting cement (MetaCem resin 
cement). Group3 (Gp3); e. Max veneer samples with luting cement 
(Total Cem resin cement). 

2.3. Application of the luting agent 

The luting agent/resin cement was applied according to manu-
facturer's instruction; the fitting surface was washed by water 
spray and drying with oil-free air pressure. Monobond Etch and 
Prime was dispensed on all fitting surface for 20 seconds using a 
micro brush. After that, the Monobond Etch and Prime was rinsed 
with water spray until the color of conditioner disappear from the 
fitting surface then dried with air pressure (oil- and moisture-free) 
for 10 s. Then after, a layer of Monobond plus bonding agent was 
painted on the treated fitting surface using a micro brush and stay 
for 60 s to react with the surface. Then a stream of air pressure was 
applied for 10 s. For each one of the two resin cements, a layer of 
the resin cement was dispensed directly from the syringe onto the 
fitting surface of the LV samples, and micro brush was used to 
spread out uniformly the resin material. Metacem resin bond ce-
ment (Gp2) was applied on the fitting surface of some of the exper-
imental sample and TotalCem resin bond cement (Gp3) applied on 
another experimental sample. Vaseline was applied as separating 
medium on the lower part of the readymade mould. Then the lower 
part of the mould pressed firmly over the facial surface of the mold 
and light-cured by LED curing device (SDI radii Plus Australia). The 
curing distance was about 10-15 mm; the polymerization light was 
moved in a circle (clockwise direction) for 20 seconds. Then the 
thickness of LVs was measured using digital caliper (Electronic 
Digital Caliper, Shan, China) to be approximately 0.3 mm in three 
different area of the LV. 



Betamar et al./Libyan Journal of Science & Technology 8:1 (2018) 2529 

27 

2.4. Measurement of translucency and transparency 

Translucency and transparency of veneer samples were meas-
ured by a spectrophotometer (Visible and UV/Visible Spectropho-
tometer- Shimadzu mini 1240- Japan). The operating light in the 
range of 400-700 nm equipped with integrating sphere. The meas-
urements parameters for each sample were done nine times in dif-
ferent areas; incisal, middle and cervical; and the mean reading was 
calculated plotted and tabulated. 

2.5. Statistical Analysis 

Statistical analysis was performed using SPSS IBM V.22. P value 
≤0.05 was stated to be a statistically significant difference between 
tested groups. Firstly, descriptive statistics were performed for 
each group. One-way ANOVA variance was used also for more com-
parison between groups Post-hoc Tukey's tests were used. For 
comparison between two pairs groups, the paired sample t-test 
was performed. 

3. Results 

The results of effect luting cement layer on translucency of ce-
ramic veneer material are shown in Table 2. The e. Max sample 
without resin luting cement (control group-Gp1) showed slightly 
higher absolute translucency (76.83.3) compared with Metacem 
samples (Gp2) (74.93.8), whereas TotalCem samples (Gp3) dis-
played the lowest value (70.83.9). The mean values of absolute 
translucency are shown in Fig. 2. Statistically, there was no signifi-
cant difference between e.Max group (Gp1) and two luting cement 
groups (Gp 2 and Gp3) (P 0 .066) in their absolute translucency. 
When comparing between groups, Gp1 and Gp2 showed no signifi-
cant difference (P 0.703), also there was no significant difference 
between Gp1 and Gp3 as well (P 0.060). Regarding the relative 
translucency (Contrast ratio CR) (Fig. 3), the e.Max samples (Gp1) 
showed higher contrast ratio (0.870.03) compared with the Met-
acem and TotalCem samples that showed lower values (0.82±0.04 
and 0.85±0.03) respectively. In addition, the relative translucency 

found to be significantly different among the tested groups (P 
0.047). More comparison between groups using post hoc HSD Tuk-
ey's test showed a significant difference between Gp1and Gp2 (P 
0.039), whereas there was no significant difference between e. Max 
and Totalcem samples (P 0.448) (Table 2). In addition, the compar-
ison between the two types of cements showed in Table 3, it could 
be seen that there was no significant difference between the two 
tested groups in their absolute and relative translucency (P 0.134 
and P 0.178 respectively). 

 

Fig. 2. The absolute translucency of the tested groups. 

 

Fig. 3. The relative translucency (contrast ratio) of the tested groups. 

 

Table 2 

Comparison between the tested groups in their absolute translucency/transmission and relative translucency 
(Contrast ratio) (One-Way ANOVA test). 

Absolute translu-
cency (Absolute 
transmission) 

Gp1 Gp2 Gp3 
P-Value 

Mean ±SD Mean ±SD Mean ±SD 

76.8 ±3.3 74.9   ±3.8 70.8 ±3.9 

P<0.066 
P1  0.703 0.060 

P2 0.703  0.227 

P3 0.06 0.227  

Relative translu-
cency (Contrast ra-

tio) 

  Gp1    Gp2    Gp3 

P<0.047 
0.87  ±0.03 0.82 ±0.04 0.85 ±0.03 

P1  0.039* 0.448 

P2 0.039*  0.298 

P3 0.448 0.298  

SD: standard deviation, P: Probability, *: significance<0.05, ***: high significance<0.001 
P1: significance relative to Group 1; P2: significance relative to Group2; P3: significance relative to Group 3 

Table3 

Comparison between the two luting cements using paired sample t-test. 

Sample 
Transmission % 

t-  test 
Contrast Ratio 

t-  test 
Mean SD Mean SD 

Metacem (Gp2) 74.9 ±3.8 
 

P<0.134 

0.82 ±0.04 
 

P<0.178 
Totalcem (Gp3) 70.8 ±3.9 0.85 ±0.03 

SD: standard deviation, P: Probability, *: significance 0.05, ***: high significance 0.001 

P1: significance relative to Group 1; P2: significance relative to Group2; P3: significance relative to Group 3 
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4. Discussion 

Transparency and translucency are critical factors in control-
ling the esthetic of anterior ceramic restoration, mainly related to 
the light transmission and the efficiency of the polymerization re-
action of the resin-based luting cement (Llie and Hickel, 2008). In 
addition, the translucency is influenced by thickness of LV, ceramic 
type and shade; therefore to eliminate adverse effects; all these 
variables were maintained constant in this study. Only one type of 
ceramic material was used for veneers fabrication, which is IPS 
e.Max Empress with almost uniform and limited thickness of ap-
proximately 0.3 mm. However, in a clinical situation, it is not al-
ways possible to get LV of that exact measure. The luting resin ce-
ments used in the current study were dual-cure resin cement of the 
same shade, which commonly used in the daily clinical practice; as 
well, they are available at a local supplier. However, they have dif-
ferent brands. The ceramic veneer material used in the current 
study was the IPS e .Max Press ceramics, which have commonly 
been favored for PLVs in latest years, have a translucent structure 
with a dissimilar crystalline form. The IPS e. Max Empress ceramic 
material is a castable ceramic; mainly contain a modified lithium 
desilicated glass ceramic. It can be used as a core build-up, full 
crown, inlay and onlay restorations or to construct very thin labial 
veneers due to their higher translucency (Etman and Woolford, 
2010). Dental practitioners usually used shade guides for color 
matching of ceramic restorations. Determination of exact tooth 
shade in clinical conditions sometimes is difficult, due to many fac-
tors such as fluorescence, metamerism and translucency, which af-
fect shades of natural teeth (Reich and Homberger, 2002). Hence, 
varieties of measuring tools were used to asses color and translu-
cency of dental restoration, such as spectrophotometers, spectro-
radiometers and colorimeters. The uses of color measuring devices 
have become popular due to their accuracy, standardization, and 
numerical assessment of colors (Llena et al., 2011; Igiel et al., 
2016). In this study, spectrophotometer was used to measure ab-
solute translucency (% of light transmission) and relative translu-
cency (transparency) or contrast ratio (CR) of the IPS e-Max LVs 
without any cement and cemented with two different brands of 
resin cements. Spectrophotometers are extensively used devices 
for surface color measurements. These devices reported being the 
most accurate and suitable instruments for measuring color in den-
tistry (Chu et al., 2010; Öngül et al., 2012; Mohamed et al., 2016). 
These instruments able to measure the percentages of the light re-
flected from a sample to the light reflected from a white reference 
within visible spectrum at a period of 5, 10, or 20 nm. The given 
results are determined by spectral reflectance function. Spectro-
photometers are able to analyze the principal components of a se-
ries of spectra and convert the spectrophotometric reading to di-
verse color measures. (Chu et al., 2010). The translucency of dental 
porcelain often evaluated by translucency parameter (TP) or the 
relative translucency/contrast ratio (CR) (Johnston et al., 1995; 
Mohamed et al., 2016). The contrast ratio is known as the ratio of 
illuminance (Y) of the experimental material when located over a 
black background (Yb) related to the illuminance of the same ma-
terial when it located over a white background (Yw). The translu-
cency parameter is known as the dissimilarity in the color (ΔE) be-
tween uniform thicknesses of tested material over a white and a 
black background (Johnston et al., 1995). The difference of the 
color between two dissimilar experimental samples can be evalu-
ated by [comparing the coordinate values of each respective mate-
rial. A lesser ΔE value means a closer color match between tested 
[sample and target color (Chu et al., 2010; Öngül et al., 2012). The 
present study showed no significant difference between IPS e. Max 
group (Gp1) and two luting cement groups in the absolute translu-
cency, however, IPS e. Max samples before cementation showed 
slightly higher values than the other two groups of veneers ce-
mented with MetaCem and Totalcem resin cements. The reason of 
the results may be attributed to the nature of the IPS e.Max sample 
and the non-uniform in the distribution of the phases, defects and 
voids at grain boundaries, which decrease the translucency of the 

esthetic materials. Furthermore, the difference in reflective ability 
within the particles and the chemical nature of tested samples may 
effect in light scattering and diversity in translucency measure-
ments (Bubteina  et al., 2017). Regarding the contrast ratio (CR) 
(Fig. 3), the IPS e. Max samples showed higher contrast ratio (0.87 
±0.03), compared with the Metacem and TotalCem samples that 
showed lower values (0.820.04 and 0.850.03) respectively. This 
also could be accredited to the chemical composition and nature of 
the resin cements. (Bubteina et al., 2017), though the resin cement 
could mask the color of the veneer material. 

A study by Barath et al., (2003) evaluated the effect of luting 
cement color on the ultimate shade of IPS Empress-II and VITA In-
Ceram Alumina. They used zinc phosphate (PhospaCEM PL), resin 
luting cement (COMP) and glass ionomer (Ketac-Cem). The authors 
reported that IPS Empress-II displayed more translucent parame-
ter than In-Ceram Alumina. Also, found that luting cement with the 
effect of the background shade influence the color of final restora-
tion. Regarding luting agent type, they reported that zinc phos-
phate cement showed the least translucent materials, while resin 
cement was the most translucent luting agent, whereas glass iono-
mer found to be intermediate translucent material. Chu et al., 
(2007) were comparing the contrast ratios (CR) and color differ-
ence (ΔE) of three types of ceramic veneer materials (Procera, Em-
press-II and Vitadur Alpha). The dimensions of tested samples 
were 8 mm in diameter and 0.7 mm in thickness) constructed from 
shade A2. A colorimeter was used to evaluate the illuminance (Y) 
and color difference (ΔE) in regards to white and black backings. 
They found that the contrast ratio was significantly different within 
the ceramics tested sample: Procera (0.500.02) Empress 2 
(0.460.05) Vitadur Alpha (0.390.02). 

The effect of resin luting cements on ceramic restorations' 
translucency had been investigated by various studies; Terzioglu et 
al. (2009) studied the effect of different colors of luting agent ma-
terials with different thicknesses of IPS Empress ceramic materials. 
The color of the tested samples was measured by a colorimeter. 
They found that there was a significant difference in ΔE values be-
tween baseline and cemented samples. However, they found no sig-
nificant difference between two shades of the luting cement (A1, 
A3). The authors reported that increase of ceramic thickness and 
types of resin luting cement were reduced specimens illumination 
and finally affected the color of ceramic veneers materials. 

Herandes et al. (2016) reported that darker luting resin cement 
produces more distinct changes in the translucency, chroma, and 
shade of porcelain veneer materials. However, these changes may 
be insignificant in clinical applications. Nevertheless, luting cement 
should be carefully selected to get better clinical results. This is in 
particular when using high translucent ceramic laminate veneers. 
In this condition, darker shade of resin cement should be avoided. 
Silami et al. (2016) investigated the effect of accelerated aging 
(AAA) on the color stability of resin cements used with IPS e-max 
Ceram laminate veneers (LVs) of diverse thicknesses. They re-
ported that the thickness of the laminate veneer material affected 
the color and translucency of conventional cement, dual-cured ce-
ment and light-cured cements. Bubteina et al. (2017) have studied 
the effect of luting cement on different types of ceramic veneer ma-
terials, they found that the luting cement reduced the translucency 
and the aesthetic outcome of ceramic veneer restorations. 

Light wavelength was found to affect the translucency of tooth 
structure (enamel and dentin); the larger translucency value re-
sulted from the higher wavelength (Yu et al., 2009). Consequently, 
the experimental work of the current study included the use of the 
ready-made mould for veneer fabrication and the resin luting ce-
ments were bonded to ready-made veneers instead of bonding to a 
natural tooth structure. The natural tooth translucency is pre-
sented when a visible amount of light passes through its structure; 
a high content of enamel, which is more translucent, and underly-
ing dentin, in the area of the cervical third of the teeth, where the 
dentin is thicker, therefore the light transmission will be less in this 
area. 
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Acceptable color matching as well as good translucency, usually 
give excellent aesthetics of the restoration. Clinicians should take 
the most care to select a good color and proper translucency of ce-
ramics and the underlying resin cement to avoid clinically unac-
ceptable color alteration and to achieve excellent aesthetics of the 
restoration. (Chu et al., 2007). Further investigations are required 
to assess the translucency of LVs using different types and shades 
of resin cements utilizing different instruments. 

5. Conclusion 

Contained by the limits of this study; it can be concluded that; 
the resin luting cement slightly affect the translucency of veneer 
material, however, the two resin cements found to be acceptable 
and no significant effect on the translucency and transparency of 
esthetic IPS e.Max empress veneers. The clinical significance of the 
choice of resin cement is important in obtaining the excellent es-
thetics of laminate veneers. 

References 

Alqahtani, M. Q., Aljurais R. M., Alshaafi M.M. (2012) ‘The effects of dif-
ferent shades of resin luting cement on the color of ceramic ve-
neers’, Dent Mater J, 31(3), pp. 354-361. 

Azer, S. S., Ghada, M. A., Johnston, W. M., Khalil, M. F. (2006) ‘Rosenstiel 
SF. Effect of esthetic core shades on the final color of IPS Empress 
all-ceramic crowns’, J Prosthet Dent., 96(6), pp. 397-401. 

Baldissara, P., Llukacej, A., Ciocca, L., Valandro, F. L., Scotti, R. (2010) 
‘Translucency of zirconia copings made with different CAD/ CAM 
systems’, J. Prosthet Dent., 104, pp. 6-12. 

Barath, V. S., Faber, F. J., Westland, S., and Niedermeier, W. (2003) ‘Spec-
trophotometric analysis of all-ceramic materials and their interac-
tion with luting agents and different backgrounds’, Advan Dent Res., 
17, pp. 55-60. 

Braga, R. B., Cesar, P. F., Gonzaga, C. C. (2002) ‘Mechanical properties of 
resin cements with different activation modes’, J Oral Rehab, 29(3), 
pp. 257-262. 

Bubteina, N. H., Mohamed, R. A., Mohamed, S. H. (2017) ‘Evaluation of 
transparency and translucency of laminate veneer materials’, Lib-
yan J Science & Technology, 6(1), pp 1 4 

Chaiyabutr, Y., Kois, J. C., Lebeau, D., Nunokawa, G. (2011) ‘Effect of 
abutment tooth color, cement color, and ceramic thickness on the 
resulting optical color of a CAD/CAM glass ceramic lithium disili-
cate reinforced crown’, J Prosthet Dent.,105, pp. 83-90. 

Chang, J., Da Silva, J. D., Sakai, M., Kristiansen, J., Ishikawa-Nagai, S. 
(2009) ‘The optical effect of composite luting cement on all ceramic 
crowns’, J Dent., 37, pp. 937-43. 

Chen, X. D., Hong’ G., Xing, W. Z., Wang, Y. N. (2015) ‘The influence of 
resin cements on the final color of ceramic veneers’, J Prosthodont 
Res., 59(3), pp. 172-177. 

Chu, F. C., Chow, T. W., Chai, J. (2007) ‘Contrast ratios and masking abil-
ity of three types of ceramic veneers’, J Prosthet Dent., 98(5), pp. 
359-364. 

Chu, S. J., Trushkowsky, R. D., Paravina, R. D. (2010) ‘Dental color 
matching instruments and systems. Review of clinical and search 
aspects’, J Dent., 38s, e2-16. 

Dhir, LCV. (2015) ‘Porcelain laminate veneers for a conservative aes-
thetic enhancement of smile’, IJRID., 5(4), pp. 96-101 

Etman, M. K., and Woolford, M. J. (2010) ‘Three-year clinical evaluation 
of two ceramic crown systems: A preliminary study’, J Prosthet 
Dent., 103, pp. 80- 90. 

Heffernan, M. J., Aquilino, S.A., Diaz-Arnold, A. M., Haselton, D. R., Stan-
ford, C. M., Vargas, M. A. (2002) ‘Relative translucency of six all-ce-
ramic systems Part II Core and veneer materials’, J. Prosthet Dent., 
88, pp. 10-15. 

Herandes, DKL., Arrais, CAG., de Lima, E, Cesar, P. F., Rodrigoues, J. A. 
(2016) ‘Influence of resin cement shade on color and translucency 
of ceramic veneers’, J Appl Oral Sci., pp. 391-396. 

Hitz, T., Stawarczyk, B., Fischer, J., Hämmerle, C. H., Sailer, I. (2012) ‘Are 
self-adhesive resin cements a valid alternative to conventional 
resin cements? A laboratory study of the long-term bond strength’, 
Dent Mater., 28, pp. 1183-1190. 

Igiel, C., Weyhrauch, M., Wentaschek, S., Scheller, H., and Lehmann, K.M. 
(2016) ‘Dental color matching: A comparison between visual and 
instrumental methods’, Dent Mater., 35(1), pp. 63-69 

Johnston, W. M., Ma, T., Kienle, B. H. (1995) ‘Translucency parameter of 
colorants for maxillofacial prostheses’, Inter J Prosth., 8, pp. 79-86. 

Kilinc, E., Antonson, S. A., Hardigan, P. C., Kesercioglu, A. (2011) ‘Resin 
cement color stability and its influence on the final shade of all-ce-
ramics’, J. Dent., 39, Suppl 1, e30-6.  

Llena, C., Lozano, E., Amengual, J., Forner, L. (2011) ‘Reliability of Two 
Color Selection Devices in Matching and Measuring Tooth Color’, J 
Cont Dent Pract, 12(1) pp. 19-23 

Llie, N., Hickel, R. (2008) ‘Correlation between ceramics translucency 
and polymerization efficiency through ceramics’, Dent Mater, 24, 
pp. 908-914. 

Manso, A. P., Silva, N. R., Bonfante, E.A., Pegoraro, T. A., Dias, R. A., Car-
valho, R. M. (2011) ‘Cements and adhesives for all-ceramic restora-
tions’, Dent Clin North Am., 55(2), pp. 311-32 

Mohamed, S. H., Bubteina, N. H., Mohamed, R. A. (2016) ‘Optical prop-
erties of some recently used aesthetic veneer materials’, Egyptian 
Dent J, 62, 2, pp. 1-5 

Nathanson, D., Banasr, F. (2002) ‘Color stability of resin cements - an in 
vitro study. Practical Procedures and Aesthetetic Dentistry, 14, pp. 
449-455. 

Öngül, D., Sermet, B., Balkaya, M. C. (2012) ‘Visual and instrumental 
evaluation of color match ability of 2 shade guides on a ceramic sys-
tem’, J Prosthet Dent., 108, pp. 9-14. 

Powers J. M. (2006) Restorative dental materials 12th ed. St. Louis: 
Mosby, pp.:35-42. 

Raptis N.V., Michalakis K.X., Hirayama H. (2006) ‘Optical behavior of 
current ceramic systems’, Inter J Period & Rest Dent., 26, pp. 31-41. 

Reich S., Hornberger H. (2002) ‘The effect of multicolored machinable 
ceramics on the esthetics of all-ceramic crowns’, J Prosthet Dent., 
88, pp. 44-49. 

Shiraishi, T., Wood, D. J., Shinozaki, N., van Noort, R. (2011) ‘Optical 
properties of base dentin ceramics for all-ceramic restorations’, 
Dental Materials, 27, pp. 165-172. 

Shokry, T. E., Shen, C., Elhosary, M. M., Elkhodary, A. M. (2006) ‘Effect of 
core and veneer thicknesses on the color’, J Prosthet Dent., 95(2), 
pp. 124-129. 

Silami, JFD., Tonani, R., Alandia-Román, C. C., Panzeri Pires-de-Souza, F. 
(2016) ‘Influence of Different Types of Resin Luting Agents on 
Color Stability of Ceramic Laminate Veneers Subjected to Acceler-
ated Artificial Aging’, Braz Dent J, 27(1), pp. 95-100. 

Soares, C. J., Soares, P. V., Pereira, J. C., Fonseca, R.  B. (2005) ‘Surface 
treatment protocols in the cementation process of ceramic and la-
boratory-processed composite restorations: a literature review’, J 
Esthet Restor Dent., 17(4), pp. 224-235. 

Terzioglu, H., Yilmaz, B., Yurdukoru, B. (2009) ‘The effect of different 
shades of specific luting agents and IPS Empress ceramic thickness 
on overall color’, Inter J Periodent Restor Dent., 29, pp 499-505. 

Turgut, S., Bagis, B. (2011) ‘Color stability of laminate veneers: an in-
vitro study’, J Dent., 39(3), pp. 57-64. 

Turgut, S., Bagis, B. (2013) ‘Effect of resin cement and ceramic thick-
ness on the final color of laminate veneers: An in vitro study’, J Pros-
thet Dent., 109(3), pp. 179-186. 

Vichi, A., Ferrari, M., Davidson, C.L. (2000) ‘Influence of ceramic and ce-
ment thickness on the masking of various types of opaque posts’, J 
Prosthetic Dent., 83(4), pp. 412-417. 

Yu, B., Ahn, J. S., and Lee, Y. K. (2009) ‘Measurement of translucency of 
tooth enamel and dentin’, Acta Odontologica Scandinavica., 67, pp. 
57-64.

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20XD%5BAuthor%5D&cauthor=true&cauthor_uid=25840891
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25840891
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=25840891
https://www.ncbi.nlm.nih.gov/pubmed/25840891
https://www.ncbi.nlm.nih.gov/pubmed/25840891

