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Introduction:
 
All ceramic restorations are commonly used for single crowns or multiple -unit fixed partial dentures (FPD) because of their esthetic appeal as opposed to their metal -ceramic counterparts. 1  Recently, heat-pressed all-ceramic materials that contain lithium disilicate as a major crystalline phase have become available. One such system is IPS e.max Press (Ivoclar Vivadent, Schaan, Liechtenstein). This material is heat-pressed between 890° and 1120°C, with which single crowns or multiple-unit FPDs can be fabricated for both the anterior and posterior regions of the mouth. The lithium disilicate-containing ceramics possess relatively high flexural strength (350 to 400 MPa) and fracture toughness (3.2 MPa.m½), therefore extending their range of clinical applications. 2  With heat-pressed ceramics, problems that can occur with conventional sintering, such as large pores caused by non-uniform mixing, extensive grain growth, or secondary crystallization can be avoided.
An essential requirement of an all-ceramic restoration is its masking ability, the absence of which will allow the unacceptable display of a discolored tooth or metal post beneath such a translucent restoration. The masking ability of an all-ceramic restoration can be determined by measuring the color different (∆E*) when it is placed over different backgrounds. 
If the masking ability of a system is perfect, there will be no color difference (∆E*=0). However, the color difference of a restoration could still be regarded as visually acceptable if ∆E* is less than or equal to 3.3Units.3  A clinical study reported that even when the mean ∆E* was 6.8 between a composite resin veneer and a tooth, the subject still regarded the difference to be clinically acceptable. 4   Vichi et al5 investigated the masking ability of ceramic restorations of various thicknesses (1.0, 1.5 and 2.0 mm). The study used a leucite-reinforced ceramic material (IPS Empress; Ivoclar Vivadent) over different opaque posts, and reported that full masking or acceptable ∆E* was achieved only with the 2 mm thick ceramic material. Koutayas et al6 also evaluated the influence of 5 different core materials on the color of 2- mm thick bilayered ceramic veneers with 0.6-mm-thick densely sintered alumina cores (Procera; Nobel Biocare AB, Gothenburg, Sweden). It was noted that all 5 materials introduced color differences, but the amount was small. Barath et al7 investigated the color difference of bilayered specimens fabricated with a heat-pressed core (Empress 2; Ivoclar Vivadent, Amherst, NY) and glass-infiltrated aluminum oxide core material (In-Ceram Alumina; VITA Zahnfabrik, Bad Sackingen, Germany) over white and black backgrounds with 3 different luting agents, and the authors reported that the Empress 2 specimens were  more translucent.The authors also reported that luting agents did not mask the dark background. 
Okamura et al8 compared the masking ability of 0.7-mm-thick bilayered specimens with densely sintered alumina cores (Procera) with thicknesses of 0.2 mm and 0.4 mm. The color difference (∆E) between the specimens with the 2 different core thicknesses was 1.67 when compared over black backgrounds. In view of this small color difference, the investigators concluded that the masking ability of specimens with 0.25 mm-thick cores would be similar to those with thicker (0.4 mm) cores. 
In addition to color differences, the masking ability of ceramic materials can be evaluated with a spectrophotometric instrument in terms of the opacity or contrast ratio (CR). CR is defined as the ratio of illuminance (Y) of the test material when it is placed over a black background (Yb) to the illuminance of the same material when it is placed over a white background (Yw) (CR=Yb/Yw). 9  Authors reported that the contrast ratios of 4 core and 4 veneering ceramic materials had a direct linear relationship with thickness, except for Vita VMK 68 (Viadent, Baldwin Park, Canada).10  Heffernan et al
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 compared the CR of 0.5 mm-thick Procera, IPS Empress, IPS Empress 2, In-Ceram Spinel, In-Ceram Alumina and In-Ceram Zirconia, and 0.8 mm-thick IPS Empress and IPS Empress 2 core materials. The authors found significant differences in CR between the various core systems. Similar to core specimens, these investigators also found significant differences in CR between bilayered ceramic specimens of various systems with the same shade and thickness. 
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Lee et al13 also found that the measured CR of Empress 2 could be increased by thermal cycling or decreased by an increase in the wavelength of incident light. Although it is accepted that increased opacity resulting from additional ceramic thickness could be more effective in masking the underlying background, the increased amount of tooth reduction thereby necessary can jeopardize pulpal health and the integrity of the tooth. Alternatively, the opacity of ceramics could be increased by the addition of opaque modifier, but the resultant color was not predictable. 14
Purpose: 
The aim of this study is to compare the CR and masking ability of the IPS e.max Press material of HT (high translucency) and LT (low translucency) by measuring their luminance and color difference over different backgrounds.

Materials and methods:
Six groups of disk-shaped specimens of 2 types of all ceramic systems will be used. IPS e.max Press (Ivoclar Vivadent), HT and LT (8 mm in diameter and 0.80, 1.20 and 1.60 mm in thickness) of shade A1 will be prepared for analysis and testing.
The total number of specimens will be 30 (5 specimens for each group).

The CRs and masking ability of the IPS e.max Press HT and LT will be determined by measuring their luminance (Y) and color difference (∆E) by using a spectrophotometer (color i5, X-Rite, Michigan).
The CR (CR=Yb/Yw), will be determined.

The masking ability of a specimen will be evaluated by calculating the color difference (∆E) of the material over 3 different natural die materials(Ivoclar Vivadent) of different shades (ND1, ND5 and ND8). Both CR and ∆E data will be analyzed with 1-way analysis of variance (ANOVA) and the Tukey HSD tests. Wax pattern disc’s (Crowax, Renfert, Germany) 8 mm in diameter and 0.80, 1.20 and 1.60 mm in thickness will be fabricated from IPS e.max Press HT and LT with a vinyl polysiloxane putty matrix (Reprosil; Dentsply International Inc, Milford, Del.) Two wax patterns will be invested in each ring. The wax patterns will be sprued in a 100 gm IPS Investement Ring System (Ivoclar Vivadent). The sprue wire will be 2.5 mm in thickness and a minimum length of 3 mm will be maintained. The sprue will be attached along the disc’s circumference and will make an angle of 45-60° to the ring base. A distance of at least 10 mm will be maintained between wax discs and the silicone ring. The maximal height of the sprue and the wax disc will be 16 mm. The investing will be accomplished using IPS Press VEST (Ivoclar Vivadent). The ratio of powder to liquid will be 100 gms of powder will be mixed with 22 mm diluted liquid (13 ml liquid and 9 ml distilled water). The material will be hand mixed for 20 seconds and then vacuum mixed for 60 seconds at room temperature. The material will be applied onto the wax patterns with a disposable plastic brush. Subsequently, the IPS silicone ring will be placed on the ring base and the investment material will be poured up to the marking by using mild vibration. The IPS ring gauge will be placed above it with a hinge action. The assembly will be allowed to set undisturbed for 60 minutes.
Following this investing procedure, the ring will be prepared for pre-heating by removing the ring gauge and the ring base. This investment ring will be placed into the furnace at room temperature, towards the rear wall and tipped with the sprue opening facing down. The final temperature after heating will be 850°C and the holding time at this temperature will be 60 mins. The Press furnace (Pro Press 100, Porcelain Furnaces, Whip Mix, USA) will be preheated. The press program for IPS e.max Press and the 100 gm ring size will be chosen. The investment ring will be removed from the furnace and a small ingot of HT or LH (shade B1) ceramics (Ivoclar Vivadent) will be placed into the hot investment ring. Then, the IPS Alox Plunger, which will be pre-coated with IPS Alox Plunger Separator (Ivoclar Vivadent), will be placed inside the ring. This completed investment ring will be placed in the center of the press furnace and the selected press program will be started. At the end of the press cycle, the investment ring will be removed from the press furnace with tongs and placed on a cooling grid. It will be allowed to cool to room temperature (approximately 60 minutes). A part of the investment ring will be separated with a large separating disc. Rough and fine divestment will be carried out by using polishing beads at 4 bar (60 psi) and 2 bar (30 psi) pressure, respectively.

Following this divesting procedure, the reaction layer will be removed by immersing the invested discs in Invex Liquid in a plastic cup and placing this plastic cup in an ultrasonic cleaner (2000 PRO-SONIC, Sultan Healthcare, and New York) for 20 mins. The remaining liquid will be removed by rinsing under running water. The sprues will be separated by using a fine diamond disc. All specimens will be airborne particle abraded with 50-µm aluminum oxide at 3 bar pressure to create a similar matte surface finish.

The specimens will be cleaned by ultrasonic immersion (2000 PRO-Sonic) for 10 minutes in distilled water before being measured with the color i5 with CIE illuminant D65 calibrated and reflectance aperture of 6 mm. Each specimen will be tested 5 times. 
A quantitative measurement of translucency will be made by comparing reflectance of light (ratio of the intensity of reflect radiant flux [light] to that of the incident radiant flux) through the test specimens over a backing with a high reflectance to that of  low reflectance or high absorbance. This procedure produces a CR. This ratio tends toward unity for opaque materials and toward zero for transparent materials.15
In CIE L*a*b* colorimetry, the color of an object is expressed in 3 coordinates, that is, L* for brightness (white-black), a* for redness to greenness, and b* for yellowness to blueness.16
The masking ability of a specimen will be evaluated by calculating the color difference of the material over 3 different natural die materials by using the equation: 

∆ E * = [(L*1- L*0)² + (a*1 - a*0)² + (b*1 – b*0)²]½
Where L*1, a*1 and b*1 represent color coordinates of the specimen over the ND5 and L*0, a*0 and b*0 represent the color specimen over the ND8.
The differences in CRs and color difference among the materials will be determined by using 1-way analysis of variance (ANOVA) and Tukey HSD tests (α=.05).
Null hypothesis:
1. There will be no differences in CRs o the groups when measured over white and black backgrounds.
2. There will be no differences in masking ability of groups when placed of 2 different shades of die material.
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