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ABSTRACT 

STATEMENT OF PROBLEM: 
It has been reported that the color of the substrate can influence the final shade of translucent restorations. 
Such effect is dependent on the thickness and translucency of the restorative ceramic material. While 
studies have explored the effect of substrate on the final shade of silica-based ceramics, there is limited 
researches on such effect on translucent zirconia. 

PURPOSE: 
The purpose of this research was to evaluate the effect of restoration thickness and underlying substrates 
on the final shade of translucent tetragonal zirconia. 

MATERIALS AND METHODS: 
Forty discs of Y-TZP were prepared from Zenostar zirconia blocks (lvoclar Vivadent). Ten discs were 
distributed into one of four groups (n=lO/group), each group of different thickness as following; 0.6, 1, 
1.5, 2 mm. Color measurements were done using spectrophotometer for the control and each of the 
zirconia specimen against four different substrates: titanium, gold hue, dark shade resin composite (ND8) 
and white opaque zirconia. Mean ~E and ~L were calculated between the control and test groups. The 
clinical significance thresholds were set as following; perceptible threshold ~E=1; acceptable thresholds 
~E=3.7, ~L= 1±21. 

RESULTS: 
Mean~E for all test groups were clinically perceptible ( ~E> 1 ). Clinically unacceptable results ( ~E> 3. 7, 
~L > 1±21) were observed with the titanium substrate (0.6, 1 and 1.5mm) and for dark resin and zirconia 
substrates with 0.6mm of the tested zirconia. Unacceptable ~L (~L > 1±21) were also observed with gold 
hue and dark resin with 0.6 and Imm specimens. Titanium substrate resulted in the highest ~E and ~L; 
while the lowest ~E values were measured with the gold hue and white opaque zirconia substrates. As 
zirconia thickness increased, ~L and ~E fell within the acceptability threshold for all substrates (~L < 
1±21, ~E < 3.7). 

CONCLUSIONS: 
Achieving clinically acceptable shade matching with titanium substrates was challenging with 
translucent zirconia. Increasing the thickness of translucent restorations was necessary for shade 
matching with discolored substrates. Opaque zirconia and gold hue abutments could be considered most 
predictable implant abutments in the esthetic zone. The minimum thickness recommended to achieve a 
clinically- acceptable color match exceeded the minimum thickness recommended by the manufacturer 
for sufficient fracture resistance of the restoration. 
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1. INTRODUCTION 

1.1 : BACKGROUND 

Dental ceramics have long been the material of choice for esthetic restorations. The plethora of 

ceramic materials available currently offer a range of physical, mechanical and esthetic properties. 

Polycrystalline ceramics possess the highest mechanical properties among ceramic systems, however, this 

comes at the expense ofoptical properties.[!, 2] Translucency is one of the most critical criteria for material 

selection in the esthetic zones; allowing for a life-like appearance of ceramic restorations.[2, 3] However, 

as the material becomes more translucent, it is more susceptible to the color of the underlying substrate.[4, 

5] The ability to mask an underlying discolored substrate while maintaining a natural appearance is not 

easily achieved with a monolithic restoration. 

Dental implants have become a reliable treatment option for prosthetic rehabilitation. However, 

restoration of implants in the esthetic zone is challenging. The metallic color of titanium imposes a grayish 

discoloration to the peri-implant mucosa, compromising the esthetic outcome.[6-8] Further, the dark hue 

of titanium abutments can show through translucent ceramic restorations, lowering their value. To 

overcome these concerns, titanium abutments with gold hue coating and high strength ceramic abutments 

have been developed and used as altematives.[8, 9] 

1.2: COLOR IN DENTISTRY 

Achieving natural optical properties using artificial materials is one of the main challenges in 

restorative dentistry [ 5]. Color is undoubtedly one of the parameters with the greatest weight when patients 

judge the quality of the restoration, particularly in the esthetic zone. 
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Color systems have been developed to quantitatively describe color and allow better 

communication in dental research. Two main color systems are used to describe color, the Munsell Color 

Order System and the International Commission on Illumination System (CIE). The Munsell system is 

based on three color coordinates: value that describes the lightness, hue that describes the nature of the 

color, and chroma that describes color saturation. The CIE system is based on the coordinates L*, a*, b*, 

and hence it's referred to CIE L*a*b*. The L* coordinate represents the brightness of an object, the a* 

coordinate represents the red (positive value) or green (negative value) chromacity, and the b* coordinate 

represents the yellow (positive value) or blue (negative value) chromacity.[10-12] 

Spectrophotometers are considered among the most accurate instruments for color measurement in 

dentistry.[10-12] Color is measured and expressed in 3 coordinate values (L*, a*, b*), which describe the 

object's color within the CIE L*a*b* color space.[12] (figure 1) 

White 
L• 

Green Red 
-a• +a• 

Black 

Figure 1: The L *a*b* color space 

Color difference (~E) of two objects is determined by comparing differences between respective 

coordinate values of the objects. Compared with subjective visual observations, spectrophotometers offer 

33% increased accuracy, and a more objective color match in 93.3% of patients. [10, 13] 
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Considering the fact that color perception and acceptability are subjective, the clinical relevance 

of color studies in dentistry depends on pre-determined perceptibility and acceptability thresholds. The 

50:50% perceptibility threshold is defined as the color difference that can be noticed by 50% of 

observers. [ 14] It is widely agreed that LlE > 1 is perceptible. The difference in color that is acceptable for 

50% of observers corresponds to the 50:50% acceptability threshold.[14] . 

Color formulas are designed to provide a quantitative representation of color differences between 

two objects within dental research. The most extensively used LlE formula is derived from the CIE 

L*a*b* system, which approximates uniformed distances between color coordinates; [15] 

LlEab= ✓ [(LlL * )2 + (Lla * )2 + (Llb * )2 
]. 

Among different color parameters, it is generally accepted that the value (L) is the most critical 

parameter for shade matching. It has been reported that a LlL of 1±21 is the clinical acceptability 

threshold.[16] On the other hand, changes related to the a* and/orb* coordinates are better tolerated 

when clinically assessing color match. [ 17] 

1.3 : ZIRCONIA IN DENTISTRY 

Zirconia is a highly sintered ceramic that has been applied in restorative dentistry for approximately 

two decades. [ 18] It maintains a distinctive place among dental ceramics because of its superior mechanical 

properties like high flexural strength, fracture toughness, and low elastic modulus .[18, 19] Zirconia is a 

polymorphic material that has three crystalline structures (cubic, tetragonal and monoclinic). These 

structures are stable at different temperatures [20]. The monoclinic phase predominates at temperatures 

lower than 1170°C. At higher temperatures (1170 °C -2370 °C), zirconia is stable in the tetragonal phase. 

The addition ofmetal oxides like CaO, Y2O3 stabilizes zirconia in the tetragonal phase at room temperature, 

hence the name Yttria-Stabilized Tetragonal Zirconia (Y-TZP). The tetragonal phase can transform to the 

3 



monoclinic phase under the influence of a crack initiation in the ceramic. This tetragonal to monoclinic 

phase transformation is associated with 4-5 % volumetric expansion which results in compressive forces 

at crack tip slowing its propagation. This unique phenomenon is termed "Transformation Toughening" and 

contributes to zirconia' s high fracture toughness compared to conventional brittle ceramics [21]. 

The introduction of computer-assisted design, computer assisted manufacturing (CAD/CAM) 

facilitated the fabrication of zirconia-based restorations. Zirconia is milled in its partially sintered state to 

facilitate the milling procedure. After milling, Zirconia restorations are sintered to the final crystalline 

structure. 

When first introduced into restorative dentistry, zircoma was extremely opaque and had 

applications limited to substructures and frameworks. Zirconia substructures required veneering with 

feldspathic porcelain to achieve an esthetic outcome. Over the past few years, the microstructure and 

sintering of zirconia was modified to enhance translucency, thus eliminating the need for a veneering 

ceramic.[22] Anatomic-contour (monolithic) zirconia has been increasingly used for single and multiple 

unit fixed dental prostheses over the past decade. Due to the reduced cost and ease of fabrication, anatomic

contour zirconia restorations are becoming a very popular restorative option. 

Various brands ofanatomic contour zirconia have been introduced into the market to meet increased 

demands. Products vary in composition, processing and shading techniques, and their level of translucency. 

Due to the dynamic nature of the market, dental zirconia does not have a universal classification based on 

mechanical properties and translucency. Clinicians need to be aware that as zirconia becomes more 

translucent, its ability to mask underlying substrates is reduced. Further, as the content of cubic zirconia 

increases in more translucent formulations, it is less likely to exhibit the transformation toughening 

phenomenon, with resulting lower fracture toughness. Zenostar T (lvoclar Vivadent, Inc.) is a translucent 

tetragonal zirconia that maintains high fracture toughness and flexural strength. Considering its mechanical 
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properties, this material is indicated for single and multi-unit fixed dental prosthesis. The (T) shade of this 

pre-shaded zirconia is a precursor to the final shades Al, and A2. 

It has been reported that the color of the substrate can influence the final shade of translucent 

restorations. Such effect is dependent on the thickness and translucency of the restorative ceramic 

material. [5, 23-25] While studies have explored the effect of substrate on the final shade of silica-based 

ceramics, there is limited researches on such effect on translucent zirconia. [5, 23-25] 

2.PURPOSE 

The purpose of this research was to evaluate the effect of restoration thickness and 

underlying substrates on the final shade of translucent tetragonal zirconia. 

3. MATERIALS AND METHODS 

3.1 ZIRCONIA SPECIMEN PREPARATION 

Cylinders measuring 20mm in diameter were milled from anatomic contour zirconia pucks 

(Zenostar Full Contour Zirconia, Shade Tl, Weiland, Ivoclar Vivadent, Inc.). (Figure 2). A straight slow 

speed electric motor handpiece (DLT SOK series 2, Brasseler USA) was used for cutting the connectors 

to retrieve the cylinders. (Figure 3). 
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Figure 2: Milled Zenostar Full Contour Zirconia Puck, Shade Tl. 

Figure 3: Milled zirconia Cylinders, 20mm in diameter. 

The cylinders were cut into discs with the approximate thicknesses of 1, 1.5, 2 and 2.5 mm using 

an electrical high precision saw (lsoMet 1000 precision saw, Buehler Ltd, Lake bluff IL) with a diamond 

wafering blade (4" wafering blade, high concentration, M412H; Metlab Corp, Niagara Falls, NY) under 

water cooling (Figure 4). Initial disc dimension was designed to accommodate finishing, polishing 

procedures and the approximate 25 % shrinkage associated with sintering. Ten specimens were prepared 

for each thickness. A mounting jig was used to stabilize the cylinders through the cutting process. (Figure 

5 & 6.) 
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Figure 4: IsoMet 1000 precision saw with a diamond wafering blade 

Figure 5: Zirconia cylinders on the mounting jig. 

Figure 6: Zirconia specimen in pre-sintered stage 

Specimens were finished and polished on one side using silicone carbide waterproof abrasive 

grinding discs (Premium abrasive grinding discs, Grits 400, 600, 800, 1200; MetLab Corp) manually, in a 

circular motion. 
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The discs were sintered in a zirconia sintering oven (Programat SI; Ivoclar Vivadent) at 1530 °C 

for 9 Hours, (Figure 7). Final polishing was done using a1200 grit abrasive grinding disc (Premium 

abrasive grinding discs, Grit 1200; MetLab Corp). A digital caliper was used to monitor the thickness of 

the specimens to measure 0.6, 1.0, 1.5 and 2.0 mm throughout the polishing procedure (Figure 8) 

Figure 7: Programat SI zirconia sintering oven; Ivoclar Vivadent 

Figure 8: Zirconia discs after sintering, before (left) and after polishing (right). 

3.2 SUBSTRATE PREPARATION 

In order to simulate different clinical scenarios, the following substrates were prepared: 

1. Milled white opaque zirconia (Zircad, Ivoclar Vivadent, Inc.), used to represent white 

zirconia implant abutments. A 20x30 mm disc was milled from zircad block and sintered 

using a zirconia sintering oven (Programat SI) at 1530 °C for 9 Hours. 
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2. Titanium alloy (grade 5 Ti-6Al-4V), to represent titanium implants abutments. A 20x20 mm 

disc was cut from a titanium bar. 

3. Cast Type 3 gold-based metal-ceramic alloy to represent cast gold and gold hue nitride

coated or anodized titanium abutments. A 30x30 mm wax pattern was invested and cast 

(Aquarius -rich yellow; Ivoclar vivadent) according to manufacturer's instructions. 

4. Dark-shade resin composite to represent a discolored tooth. A silicon mold measuring 

30x30x4 mm was filled with a dark shade resin material (Natural die material, ND 8, Ivoclar 

vivadent, Inc.). A glass slab was applied with pressure on top of the mold to eliminate voids 

and provide a flat surface. The resin was light-polymerized using a light-emitting diode 

(Bluephase light cure unit, with intensity of 1740 mW/cm2 for 30 sec.) 

Each substrate disc was mounted in an acrylic jig to facilitate polishing and handling against 

the spectrophotometer. Using an automated grinder and polisher (EcoMet 250, Ivoclar 

Vivadent), substrate surfaces were finished and polished with silicone carbide waterproof 

abrasive grinding discs (Premium abrasive grinding discs; MetLab Corp) at a speed of 130 

rpm. A surface finish of 800 Grit was achieved for the substrates, except the dark-shade 

resin substrate which was finished to a 320 grit to provide a surface finish similar to that 

obtained with a finishing diamond bur (figure 9, 10) 
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Titanium Gold Dark White 
hue Resin Opaque 

composite Zirconia~s 
0.6mm 10 10 10 10 

Imm 10 10 10 10 

1.5mm 10 10 10 10 

2mm 10 10 10 10 

Table 1: Test groups used in this study 

Figure 9: Automated grinder and polisher (EcoMet 250, Ivoclar Vivadent) 
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Figure 10: Substrates mounted in acrylic molds. Left to right: white zirconia, titanium, gold hue and 

dark resin. 

3.3 CONTROL AND THE TEST GROUPS 

Combinations between zirconia thicknesses and substrates resulted in 16 groups (n=lO) (table 

1). A polyvinyle siloxane (PVS) mold was fabricated for each zirconia disc/substrate assembly. The 

mold facilitated handling and consistent positioning of the assembly against the spectrophotometer 

for color measurement. A 60-µ spacer was incorporated by applying a layer of adhesive tape 

(Scotch tape, 3M, MN) between the zirconia disc and the substrate while fabricating the PVS mold. 

This spacer created a cement space to accommodate the try-in paste during color measurement. A 

transparent try-in paste (Multilink Try-in Paste- Transparent, Ivoclar Vivadent) was placed between 

the zirconia disc and the substrate to serve as an optical connector. 

The control specimen was assembled by placing the 2mm thick zirconia specimen against a 16 mm 

thick zirconia cylinder (Zenostar Tl) with transparent try-in paste in between. 

3.4 COLOR MEASUREMENTS 

A calibrated spectrophometer (USVIS 1337, Ultrascan VIS, Hunter Lab) was used to measure 

color parameters for the control and test groups. The CIE L *a*b* color space of each reading was 

measured and recorded in terms of the 3 coordinate values (L*, a*, b*). The average of five 

readings was collected from the spectrophometer for each assembly. Mean L*, a*, b* coordinate 
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values and the standard deviation (SD) were calculated for each group (n=lO). ~E was calculated 

between the control group and test groups' means, according to this formula: 

L'lEab= .j[(~L * ) 2 +(~a*) 2 + (~b * ) 2 ]. 

~L was calculated between the control group and test groups' means, according to this formula: 

~L = L* test group - L*control . 

The clinical significance of the data was determined in reference to ~E thresholds as reported by 

Khashayar et al; where ~E > 1 was perceptible and ~E < 3.7 was considered clinically acceptable. [26] 

A ~L exceeding 2 (~L > 1±21) was considered clinically-unacceptable.[16] 

4.RESULTS 

CIE L*a*b* values, mean ~E, standard deviation and ~L oftest groups compared to the control 

are listed in (table 2). Mean ~E for all test groups was above the perceptibility threshold (~E > 1). Shade 

matching improved with increasing zirconia thickness against all substrates. 

With the titanium substrate, mean ~E of the test groups measuring 0.6, 1 and 1.5 mm was higher 

than the clinically acceptable level (~E= 7.23, 5.39, 3.94, respectively). However, for the 2 mm 

thickness, the color difference fell within clinical acceptability (~E = 2.92). ~E was predominantly 

related to L * coordinate with the titanium inflicting a lower value on the final shade. 

Against the dark shade resin composite substrate, ~E of the 0.6 mm group was higher than the 

clinically acceptable level (~E = 4.3), otherwise mean ~E of the test groups measuring 1, 1.5 and 2 mm 

fell within the acceptability threshold (~E= 3.62, 2.51, 2.52, respectively). Difference in the a* 
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coordinate (red-green) mostly contributed to ~E, with the substrate resulting in a warm (red) effect on the 

final shade. 

With the gold hue substrate, ~E values of all test groups were within the clinically-acceptable 

levels (~E < 3.7). Difference in the a* coordinate predominantly contributed to ~E, with the gold hue 

resulting in a warm (red) effect on the final shade of the tested zirconia. 

Using white opaque zirconia as a substrate, only the 0.6 mm thickness resulted in a ~E greater 

than the clinically acceptable level (~E = 4.29). In this case, ~E was predominantly related to L * 

coordinate, where the opaque zirconia substrate imposed a higher value on the final shade. ~E for the 1, 

1.5, and 2 mm groups fell within clinical acceptability and were the lowest among all groups (~E =1.92, 

1.2, 1.31, respectively). 

As shown in figure 11, when comparing the test groups ( 1, 1.5 , 2 mm) against different substrates, 

~E was highest against the titanium followed by the dark shade resin, the gold hue, and then the opaque 

zirconia substrate. However, the 0.6 mm group had a higher ~E against the opaque zirconia compared to 

the gold hue. 

The relationship between ~L and zirconia thickness is illustrated in Figure 12. ~L was highest 

against the titanium substrate and lowest for the zirconia and gold hue substrates. As zirconia thickness 

increased to 2mm, ~L fell within the acceptability threshold for all substrates (~L < 1±21). All substrates 

resulted in a lower value (negative ~L) except the white zirconia substrate, which resulted in a higher value 

(positive ~L) 
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Table 2: Mean CIE L*a*b* values (standard deviation) of test groups with their color differences (~E, ~L) 

comparing to the control 

Substrates L* a* b* 
Zirconia specimens thicknesses 
The control 78.39 -1.28 6.95 AE AL 

Titanium substrate 
zirconia specimens 0.6 mm 72.80 -1.25 2.39 7.23 -5.59 

(0.39) (0.08) (0.29) (0.16) 
zirconia specimens 1 mm 74.48 -1.54 3.26 5.39 -3.91 

(0.25) (0.05) (0.13) (0.21) 
zirconia specimens 1.5 mm 75.71 -1.75 4.10 3.94 -2.68 

(0.17) (0.05) (0.14) (0.13) 
zirconia specimens 2 mm 77.51 -1.89 4.52 2.92 -0.88 

(1.23) (0.14) (0.62) (0.51) 

Dark resin composite substrate 
zirconia specimens 0.6 mm 74.48 -0.22 5.52 4.30 -3.91 

(0.37) (0.06) (0.17) (0.31) 
zirconia specimens 1 mm 75.31 -0.86 5.11 3.62 -3.08 

(0.41) (0.07) (0.08) (0.35) 
zirconia specimens 1.5 mm 76.52 -1.12 5.31 2.51 -1.87 

(0.20) (0.06) (0.18) (0.12) 
zirconia specimens 2 mm 77.31 -1.48 5.18 2.52 -1.08 

(1.44) (0.18) (0.61) (0.54) 

Gold hue substrate 
zirconia specimens 0.6 mm 76.04 0.66 5.91 3.24 -2.35 

(0.34) (0.12) (0.24) (0.22) 
zirconia specimens 1 mm 76.15 0.01 5.78 2.84 -2.24 

(0.09) (0.06) (0.10) (0.09) 
zirconia specimens 1.5 mm 76.86 -0.60 5.69 2.11 -1.53 

(0.26) (0.05) (0.19) (0.14) 
zirconia specimens 2 mm 78.08 -1.16 5.36 1.99 -0.31 

(1.22) (0.18) (0.64) (0.68) 

White opaque zirconia substrate 
zirconia specimens 0.6 mm 82.59 -1.90 7.42 4.29 4.2 

(0.34) (0.15) (0.39) (0.34) 
zirconia specimens 1 mm 80.11 -1.53 7.74 1.92 1.72 

(0.18) (0.07) (0.15) (0.14) 
zirconia specimens 1.5 mm 79.38 -1.47 7.54 1.20 0.99 

(0.26) (0.06) (0.26) (0.22) 
zirconia specimens 2 mm 79.51 -1.57 6.81 1.31 1.12 

(1.31) (0.20) (0.66) (1.34) 
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5.DISCUSSION 

Achieving life-like optical properties with artificial materials is one of the main challenges in 

restorative dentistry [ 5]. Esthetic outcome of translucent ceramic restorations is greatly influenced by the 

underlying substrate, restoration thickness and translucency. The effect of different substrates on the 

color of many ceramic materials has been previously investigated [3-5, 23-25, 27, 28]. This study 

investigated the effect of substrate on the final shade of a translucent 3- yttria stabilized tetragonal 

zircoma~ 

Color measurements in this study were made on substrate materials resembling those encountered 

in clinical situations, when restoring discolored teeth or dental implants. While the shade of the luting 

cement can minimally affect the final shade of translucent restoration [3, 29-32], this variable was 

excluded from this study to simplify the interpretation of the results. Instead, a transparent try-in paste 

was applied between the specimens/substrates as an optical connector. An optical connector eliminates 

light scattering through background-zirconia interfaces. 

The CIEL*a*b* color difference (~E ab) formula was applied to calculate color differences to the 

control (~E). Additionally, ~L was calculated between the control and the test groups. While a ~E <3.7 

may be considered clinically acceptable, it has been reported that a ~L exceeding 2 may be clinically

unacceptable. [ 16] Hence, it was important to interpret ~L in light of clinical acceptability in addition to 

~E (Figure 12). 

The titanium substrate resulted in the highest ~E values demonstrating a challenge for color 

matching with the tested zirconia. Further, ~L calculations demonstrated a significant drop in value 

(lightness) that exceeded ~L acceptability threshold (~L > 1±21). Clinicians are to practice caution when 
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restoring titanium abutments or custom cast foundations with translucent zirconia. Based on the tested 

translucent zirconia, a 2mm thick restoration was needed to achieve the clinical acceptability thresholds 

for both ~E and ~L against the titanium substrate. 

Regardless of zirconia thickness, the gold hue substrate resulted in a clinically-acceptable shade 

match (~E < 3.7). Similar to their favorable effect on peri-implant soft tissues [6-8], gold-hue abutments 

are more forgiving as substrates with translucent restorations. As anticipated, the gold hue substrate 

imposed a reddish hue (positive ~a) on the final shade of the tested zirconia. It is reported that changes 

related to the chromacity of the object are better tolerated when clinically assessing color match.[17] 

Zirconia thickness was critical for color matching with the dark resin substrate. A minimum 

thickness of 1.5mm was needed to achieve clinically acceptable ~E and ~L values. Accordingly, when 

using the tested zirconia to restore a severely discolored tooth, a minimum of 1.5mm clearance is 

suggested for a clinically-acceptable esthetic outcome. Depending on the severity of tooth discoloration, 

minimum thickness requirement may vary and will likely exceed the minimum thickness recommended 

by the manufacturer for sufficient fracture resistance of the restoration. This highlights the concept that 

achieving life-like esthetics may come at the expense of conservation of tooth structure, a decision made 

based on patients' desires and expectations. 

Best esthetic results were achieved with the opaque zirconia substrate, resembling an opaque 

white zirconia implant abutment. Although the 0.6mm thick zirconia specimen yielded a very high value 

(~L=4.2), exceeding clinical acceptability thresholds (~E> 3.7, ~L > 2), high value errors may be 

corrected with external characterization of the final restoration. The results of this study suggest that a 

predictable outcome can be achieved with the restoration measuring 2: 1mm over opaque zirconia 

abutments. Because of their favorable light interaction, zirconia abutments are considered abutments of 

choice for restoring implants in the esthetic zone.[23, 24] 
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Translucent restorative materials are influenced by the color of underlying substrates more than 

opaque ones.[3, 25, 27, 29, 33] The results of the present study demonstrated that substrate materials can 

affect the final color of the translucent zirconia. Our results are in agreement with Nakamura et. al who 

evaluated the effect of substrates on different types of composite and ceramic materials. They reported 

better shade reproduction with gold alloy compared to silver-palladium alloy and dark-shade (A4) 

ceramic substrate. While minor color differences may be corrected using shaded or opaque cements, 

studies reported that opaque luting agents may cause an undesirable effect on the definitive color of 

ceramic restorations.[5, 24, 27] 

6.LIMITATIONS 

Only one brand of translucent zirconia was evaluated in this study. Different zirconia brands may 

vary in their translucency affecting the outcome. The results of this study can only be interpreted for the 

shade evaluated. More chromatic shades may be less susceptible to the underlying substrate. Finally, the 

effect of shaded luting cements on the final shade was not investigated. 

Future in-vivo and in-vitro investigations are necessary to evaluate the effect of substrates on 

various zirconia formulations; with different shades and levels of translucency. Simulated aging may be 

helpful in assessing color stability of luting agents with translucent restorations and its effect on final 

shade consistency. 
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7.CONCLUSIONS 

Within the limitations of this study, the following conclusions were drawn: 

1. Achieving clinically acceptable shade matching with titanium substrates 1s challenging with 

translucent zirconia. 

2. Increasing the thickness of translucent restorations may be necessary for shade matching with 

discolored substrates. 

3. Opaque zirconia and gold hue abutments can be considered most predictable implant abutments in 

the esthetic zone. 

4. The minimum thickness recommended to achieve a clinically- acceptable color matching exceeds 

the minimum thickness recommended by the manufacturer for sufficient fracture resistance of the 

restoration. 
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