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ABSTRACT

Objectives: To evaluate the translucency, contrast ratio and masking ability of a translucent zirconia with different thicknesses.
Methods: Disc shaped specimens (n= 3) with 10 mm (&) x 1.5 mm, 1 mm and 0.7 mm (thickness) were manufactured simulating
all-ceramic simplified restorations. Substrate discs (n=2; @: 10 mm); thickness: 2 mm) were simulated with composite resin shades: A2
(positive control) and C4; and metal alloys: silver (Ni-Cr) and golden (Cu-Al). Optical properties of the 9 translucent zirconia specimens
placed on the 3 different substrates were analyzed by a spectrophotometer. The color variation (AE00) between each ceramic structure
over the positive control substrate (A2) and over the dark backgrounds (C4, silvery, golden) were obtained as to their ceramic masking
ability and subjected to non-parametric Kruskal Wallis test (5%). The translucency parameter (TPOO) and contrast ratio (CR) of the
different thicknesses of the ceramic discs were also collected and analyzed by one-way ANOVA and the Tukey test (5%). Results: The
translucent zirconia showed greater opacity in the thickness of 1.5 mm, although it was not statistically different between 0.7 and 1.0
mm. All dark backgrounds significantly affected the final color of the simplified restoration in all evaluated thicknesses. However, the
increase in ceramic thickness showed a decrease in AEOO values for all substrates. Conclusion: The translucent zirconia was not able
to mask the dark substrates, independent of the evaluated thickness.

Indexing terms: Ceramics. Color. Composite Resins. Computer-aided design.

RESUMO

Objetivos: Avaliar a translucidez, razdo de contraste e capacidade de mascaramento de uma zircénia transltcida com diferentes
espessuras. Métodos: Espécimes em forma de disco (n=3) com 10 mm (@) x 1,5 mm, T mm e 0,7 mm (espessura) foram confeccionados
simulando restauracées simplificadas em cerdmica pura. Discos de substrato (n= 2; @: 10 mm, espessura: 2 mm) foram simulados
com as cores de resina composta: A2 (controle positivo) e C4, e ligas metalicas: prata (Ni-Cr) e ouro (Cu-Al). As propriedades dpticas
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dos 9 espécimes de zircénia transltcida posicionados nos 3 substratos diferentes foram analisadas por um espectrofotémetro. A
variacado de cor (AE0O) entre cada espécime cerdmico sobre o substrato controle positivo (A2) e sobre os fundos escuros (C4, prateado,
dourado) foi calculada quanto a capacidade de mascaramento da cerédmica e submetida ao teste ndo paramétrico de Kruskal Wallis
(5%). O pardmetro de translucidez (TPOO) e a razdo de contraste (CR) das diferentes espessuras dos discos ceramicos também foram
coletados e analisados por ANOVA de uma via e teste de Tukey (5%). Resultados: A zirconia translicida apresentou maior opacidade
na espessura de 1,5 mm, embora ndo tenha sido estatisticamente diferente entre 0,7 e 1,0 mm. Todos os fundos escuros afetaram
significativamente a cor final da restauracdo simplificada em todas as espessuras avaliadas. No entanto, o aumento da espessura da
cerdmica mostrou uma diminuicdo nos valores de AEQO para todos os substratos. Conclusdo: A zircénia translucida nao foi capaz de
mascarar os substratos escuros, independente da espessura avaliada.

Termos de indexacado: ceramicas. Cor. Resinas compostas. Desenho assistido por computador.

INTRODUCTION

Dentistry currently has different materials for prosthetic rehabilitation of dental elements with extensive coronary
destruction [1]. Yttrium-stabilized zirconia (YSZ) has been used to manufacture all-ceramic restorations to avoid the risk
of chipping, which is one of the main reported failures of bilayer-based of fixed dental prostheses (FDPs) with zirconia
infrastructure [2,3]. The use of a new class of ceramic material, namely third generation zirconia, has been proposed for
use in restorative dentistry [2].

In comparison to the second generation, the newest generation of zirconia contains an increased percentage of
yttrium oxide resulting in the presence of cubic phase in its crystalline microstructure [2]. The cubic crystals have a higher
volume compared to tetragonal crystals, allowing the light to scatter less strongly at the grain boundaries and making
the material more translucent [2]. Moreover, the presence of crystals in the cubic phase presents greater isotropy in its
composition when compared to crystals stabilized in the tetragonal form of previous generations, thereby significantly
influencing translucency [2]. The third generation used in all-ceramic restorations is less translucent than glass ceramics,
but also less sensitive to the variation of thickness in terms of translucency [4,5].

Reproducing natural characteristics of teeth is an important aspect that influences the success of restorative
dental treatments. The esthetic success of a ceramic restoration not only depends on its size, shape and texture, but
also on optical properties such as translucency and color [6,7]. In this sense, a ceramic system with more translucent
characteristics provides a natural appearance due to greater light transmission through the restoration. However, the final
color of more translucent ceramics could easily be influenced by the shade of the underlying structures [7]. Prosthetic
preparations may be done on different materials such as composite resin, metal alloys and dentin reminiscent, presenting
significant differences in mechanical behavior and esthetic parameters between these options [8].

Moreover, another clinical advantage of fixed prostheses in all-ceramic zirconia is the significantly reduced
material thickness compared to conventionally produced ceramics or other all-ceramic ceramics [4]. This can allow all-ceramic
restorations to have minimal thickness, presenting satisfactory behavior under load application and consequently greater
preservation of the remaining dental structure [9]. However, it is imperative to evaluate the translucency degree of the
translucent zirconia and their ability to mask the substrates when applied in different restoration thicknesses.

Therefore, the aim of this study was to compare the contrast ratio and the translucency parameter of translucent
zirconia-based restorations with different thicknesses, as well as to evaluate their influence in masking substrates with
different color and materials. The null hypotheses of this study are: (1) no translucency difference may be observed in
different thicknesses of zirconia simplified restorations; and (2) different thicknesses promote similar masking of substrates
with different colors and materials.

METHODS

This in vitro study had a design with the following two factors: all-ceramic zirconia thickness (in three levels - 1.5
mm, 1T mm and 0.7 mm) and substrates (in three levels - C4, silvery and golden). The A2 substrate was used as control.
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Thickness influence on translucency of a cubic zirconia

The materials (commercial name, manufacturers, batch numbers and composition) used in this study are described in
table 1.

Table 1. Commercial name, manufacturer, batch number and composition of the materials used in this in vitro study.

Material Commercial name, manufacturer (batch number) Composition

Zr0, 86 - 93.5Wt%, Y,0, > 6.5 % — < 8.0 Wt%, HfO, < 5.0 Wt%, Al,0, <

Zirconia IPS e.Max ZirCAD MT Multi, Ivoclar Vivadent (W82689) 1.0 Wt%, other oxides < 1.0 wt%

Composite Resin 7350, 3M ESPE (A2:761679; C4: 1812600567) UDMA, Bis-GMA, Bis-EMA, PEGDMA, TEGDMA, Silica, Zirconia

Silvery Metallic alloy 4all, lvoclar Vivadent (T32718) Ni 61.4%, Cr 25.7%, Mo 11.0%, Si 1.5%, Mn <1.0%, Al <1.0%, C <1.0%
Golden Metallicalloy ~ Golden Cast, Talmax (10010180220) Al9%, Cr 4%, Si 2%, Cu: Balance

Preparation of ceramic discs

Pre-sintered blocks of translucent all-ceramic zirconia ceramic (IPS e.Max ZirCAD MT Multi; Ivoclar Vivadent,
Schaan, Liechtenstein) were shaped into cylinders using 600-1200 grit SiC paper (3M, St Paul, USA) under water cooling.
The resulting zirconia cylinder was then sectioned using a precision cutting machine (ISOMET 1000; Buehler, Lake Bluff,
USA) and slices of 12 mm (&) x 1.86 mm, 1.2 mm and 0.87 mm (thickness) were obtained. The disc surfaces were
polished with 1200 grit SiC paper to remove the irregularities inherent to cutting, and then sintered (Zyrcomat 6000
MS; Vita Zahnfabrik, Bad Sackingen, Germany) according to the manufacturer’s instructions. After sintering contraction,
the final dimensions of the discs were 10 mm x 1.5 mm, 1 mm and 0.7 mm simulating all-ceramic restorations. Any
specimens presenting discrepancies in the dimensions above the recommended deviation (0.1 mm) were discarded.
Finally, 3 discs of each evaluated thickness (1.5 mm, 1.0 mm and 0.7 mm) were selected for the study (N=9).

Preparation of substrate discs

The dental substrates were simulated with composite resin specimens of 2 mm thickness with shades A2 (positive
control) and C4 (darkened dentin substrate). Composite resin discs (Tetric N-Ceram; Ivoclar Vivadent) were prepared using
a metallic matrix (10 mm (&) x 2.0 mm thickness). Each increment was inserted using a #1 spatula (Golgran, Sao Caetano
do Sul, Séo Paulo, Brazil) and photoactivated for 40 seconds (1200 mW/cm2, Radii-Cal; SDI, Bayswater, Australia). The
last layer was covered with a polyester strip and compressed using a glass slide to obtain a flat surface. The sample was
photoactivated through the glass plate with the polyester strip in contact with the surface of the composite resin.

Additional discs were fabricated from two metal alloys with silver and golden appearances. To do so, acrylic
resin discs (Duralay; Reliance Dental, S&o Paulo, Brazil) were made using a metal matrix with a 10 mm in diameter and 2
mm of thickness. The discs were regularized on both sides with 400-1200 grit SiC paper (3M) and used as standard for
casting silver (Ni-Cr; 4all White Ceramic Alloy; Ivoclar Vivadent) and golden alloys (Cu-Al; Golden Cast; Talmax, Curitiba,
Parand, Brazil). Finally, all the background specimens (composite- and metallic-based) were polished with 1200 grit SiC
paper (3M) under water.

Optical measurements

A spectrophotometer SP60 (EX- Rite; Grand Rapids, Grand Rapids, USA) was used to evaluate the optical properties
of the different ceramic thicknesses placed onto the different substrates to compare their translucency, contrast ratio and
masking ability.
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Measuring the color coordinates

The spectrophotometer was calibrated on the standard tiles provided by the manufacturer and the CIE L*a*b*
color coordinates (Commission Internationale de I'Eclairage) of A2 shade zirconia all-ceramic specimens were subsequently
measured over a gray background (CIE L*=50.30, a*=-1.41, b*=-2.37) (Mennon gray cards; Mennon photographic an
technical Co, Beijing, China). Thus, a coupling substance (glycerol, C;H,0,) (Vetec Quimica Fina Ltda, Rio de Janeiro,
Brazil) with a refractive index of 1.47 was used to minimize light scattering by eliminating the presence of an air layer
between the specimen and the background [10].

Color readings were conducted 3 times for each specimen, and the average of the CIE L*a*b* values was
recorded.

Translucency parameter

The translucency parameter of translucent zirconia in each thickness (n= 3) was estimated by the difference between
color coordinates measured over a white (CIE L*=93.07, a*=1.28, b*=5.25) (LENETA Card model 12H; Cor&Aparéncia,
S&o Paulo, Brazil) and a black (CIE L*=27.94, a*=0.01, b*=0.03) (LENETA Card model 12H; Cor&Aparéncia) background
(taking the average of three readings per coordinate) of different ceramic thicknesses, with the CIEDE2000 (1:1:1) color
difference formula also being used to calculate the translucency parameter (TP ):

L.l _ L.l 2 C.l _ C.l 2 H.l _ H.l
o [Ee) + i) -+ G
KLSL KO5C KHSH

) 1 ) f 1.2
.- C H.—H
+ RT( f= W)( I W)
KOsC KHSNH

In which: the subscripts “B” and “W" refer to lightness (L ), chroma (C ) and hue (H ) of the specimens over the
black and the white backgrounds, respectively; RT is the rotation function which accounts for the interaction between
chroma and hue differences in the blue region; SL, SC and SH are the weighting functions used to adjust the total color
difference for variation in perceived magnitude with variation in the location of the color coordinate difference between
two color readings; and KL, KC and KH are the correction terms for the experimental conditions. In this study, these
parametric factors of the CIEDE2000 formula were set as 1 [11].

2

The translucency difference threshold for acceptance is TAT , = 2.62, while translucency perceptibility threshold
is TPT, = 0.62, calculated at 50:50% level [11].

Contrast ratio

The contrast ratio (CR) of translucent zirconia in each thickness (n= 3) was obtained from the reflectance measured
for each thickness of isolated ceramic and on the black and white backgrounds, according to the formula:

In which: YB is the reflectance measure on a black background and YW is the reflectance measure on a white
background [12]. An average of three readings were considered for each specimen. Differences greater than 0.07 between
ceramic restorations are considered perceptible [12].
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Thickness influence on translucency of a cubic zirconia

Evaluation of masking ability

The masking ability of translucent zirconia in each thickness (n= 3) was estimated by calculating the CIEDE2000
color variation (AE ) between each ceramic structure over a light tooth-colored substrate (A2) and over the dark substrates
(n=2; C4, silver, golden), according to the CIEDE2000 equation used for the translucency parameter (TP88), as follows:

AL 32 AC 32 AH 32 AC g AE
) ) G o
LSL CSC HSH CSC/ \KHSH

In which: AL, AC" and AH’ are the differences in lightness, chroma, and hue between two sets of color coordinates;
RT is the rotation function which accounts for the interaction between chroma and hue differences in the blue region;
S. Sc and S, are the weighting functions used to adjust the total color difference for variation in perceived magnitude
with the variation in the location of the color coordinate difference between two color readings. The parametric factors
K. K. and K,, are correction terms for deviation from reference experimental conditions. These parametric factors of the
CIEDE2000 formula were set as 1 in this study [13].

High AE , values mean greater variation between the standard substrate (A2) and the evaluated dark substrate,
and therefore demonstrate low masking ability of the restorative material. In this sense, small AE , values are expected for
a material to be defined with high masking ability. The color difference was considered as being perceived over values of
AE,, = 0.81 (perceptibility threshold), and the color difference was considered acceptable up to AE ) = 1.77 (acceptability
threshold) [14].

The CIE L*a*b* color coordinates of substrates were obtained for the A2 composite resin (CIE L*=72.65,
a*=1.44, b* = 14.68), C4 composite resin (CIE L*=58.40, a*=3.98, b*= 19.45), silver (CIE L*=57.54, a*=0.58, b*=3.48)
and golden metallic alloy (CIE L*=53.98, a*=3.48, b*=16.19).

The average values of CIE L* a* b* obtained for the thicknesses of 0.7, 1.0 and 1.5 mm over a light tooth-colored
substrate (A2) were respectively: CIEL*=79.59, a*=0.32, b*=13.57; CIEL*=79.47, a*=0.88, b*=15.19; CIEL*=81.03,
a*=1.01, and b*=16.71. These values were used as the standard for calculating the variation (AL, Aa’, Ab’) of L*, a* and
b* among the different experimental substrates evaluated (C4 composite resin, silver and golden metallic alloy).

Data analysis

The statistical data analysis was performed using a statistical software program (IBM SPSS Software; IBM, New
York, USA). Normality and homogeneity analyses were performed for masking ability data and presented non-normal
distribution by the Shapiro-Wilk test. The Kruskal Wallis post-hoc test was used for statistical analysis considering the null
hypothesis (the distribution of AE, is the same across categories of group). The significance level was set at 5%.

One-way ANOVA and the Tukey test were used for statistical analysis of the translucency (TP ) and contrast ratio
(CR) to detect differences among the ceramic thicknesses. TP values can range from 0 (totally opaque) to 100 (totally
transparent), and CR values can range from 0 (totally transparent) to 1.0 (totally opaque).

Power analysis

An open-source calculator, available at www.openepi.com, was used to determine the power of this study by the
means difference of the thicker (1.5 mm) and thinner (0.7 mm) specimens to translucency parameter, contrast ratio and
masking ability. The achieved power was 100% by the normal approximation method with a 95% confidence interval
for all evaluated parameters.
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RESULTS

According to the TP, and CR values (table 2), it can be noticed that the evaluated translucent zirconia showed
a statistically significant lower opacity for the thicknesses of 0.7 mm and 1.0 mm, with no difference between them.
Thus, a statistical difference was only observed for 1.5 mm compared to 0.7 and 1.0 mm. Considering the perceptibility
thresholds values, both TP and CR presented differences considered perceptible between the different thicknesses
(higher than 0.62 and 0.07, respectively), except when considering the CR between 0.7 and 1.0 mm.

Table 2. Values of translucency parameter (TP, — mean and standard deviation), contrast ratio (CR - mean and standard deviation) and AE , for studied zirconia
ceramic thicknesses (mm) and substrates.

AE,,
Thickness TP,, CR Substrate . -
Mean (SD) Minimum Maximum

c4 4.16 (0.04) ® 411 4.24
0.7 21.30 (2.00* 0.45 (0.04)® Ni-Cr 9.96 (0.24)A 9.60 10.23
Cu-Al 8.65(0.20) B 8.40 8.95
c4 3.34(0.18) ¢ 3.14 3.65
1.0 19.17 (1.64~ 0.51(0.04)® Ni-Cr 8.08(0.39) B 7.66 8.71
Cu-Al 6.71(0.60) € 5.85 7.55
c4 2.70(0.33)F 2.41 3.26
1.5 13.64 (0.74)® 0.65 (0.03)* Ni-Cr 4.88(0.80) ° 3.85 5.63
Cu-Al 3.93(0.42)P-F 3.26 4.53

Different letters indicate statistically significant differences (P < .05).

Considering the different substrates, ceramics over silver metallic alloy (Ni-Cr) resulted in the highest AE ,
however this value statistically decreased as the thickness of the restoration increased.

Mean
12
10 -
= B o =
55 I:

2 il £ = g B ' | i il _ 177
— . = e - .. o e — — 0.El

0.7 x 04 07 aMNeCr 07 x Cu-Al 10xC4 LO0xMN-Cr L0 x Cu-Al 13204 152 Ni-Cr 1.5 % Cu-aAl

Thickness (mm) x Substrate

Figure 1.Means and standard deviations of the AE , values for the thickness and substrate groups. AE,, = 0.81 (perceptibility threshold), AE , = 1.77 (acceptability
threshold).
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Thickness influence on translucency of a cubic zirconia

In contrast, all ceramic thicknesses over substrate C4 had the lowest AE . However, the increase in thickness
for both the C4 and golden metallic alloy (Cu-Al) had the same positive effect as in Ni-Cr, with a statistically significant
difference among the thicknesses for all groups.

None of the specimens was able to reach the acceptability threshold value (AE,, = 1.77) for the masking ability
of the different ceramic thicknesses in the evaluated substrates. Therefore, all specimens suffered color impairing, which
is considered visually unacceptable (figure 1).

DISCUSSION

The present study demonstrated that all-ceramic restorations of translucent zirconia with thicknesses between
0.7 and 1.0 mm showed similar translucency, however being statistically different from the 1.5 mm of thickness. Thus,
the first null hypothesis that no translucency difference may be observed in different thicknesses of zirconia simplified
restorations was partially accepted.

It is known that all-ceramic prosthetic restorations can be made of different materials such as vitreous
ceramic, indirect composite resin, polymer-infiltrated ceramic network and polycrystalline ceramic, with a significant
difference in mechanical behavior between these options [1]. In this research line, current studies showing that
polycrystalline ceramics can guarantee better resistance due to their composition of closely linked crystals which are capable of
preventing crack propagation in the material, making them widely indicated materials for the posterior region [1,15].

However, the evolution of polycrystalline ceramics occurs in the sense of making them increasingly translucent,
and thereby imitating dental tissues to allow this material to also be applied in the anterior region [2]. Translucency
determines the relative amount of light that is absorbed, transmitted or reflected, which is an important factor in esthetics
as it affects the natural appearance of restorations [16,17]. Nowadays, translucent zirconia has been shown to be a
material with similar translucency and favorable for application in all-ceramic crowns without veneering, even when
compared to lithium disilicate as the gold standard [18,19].

The translucency parameter can be defined and quantified based on the color difference between a uniform
material onto white and black backgrounds [11,20]. In this study, we compared the translucency of zirconia in different
thicknesses by calculating TP, and only the thicker one (1.5 mm) was found to have less translucency.

Thus, a perceptibility threshold is qualitatively considered when TPOO varies numerically by 0.62 between two
groups. This occurred between the 0.7 and 1.0mm specimens, however the acceptability threshold must also be taken
into account (TAT , = 2.62), which shows that the variation in the TP  values for the thinner specimens (0.7 and 1.0mm)
was within the acceptability standard (TATO0 <2.62) [11].

Taking into account another parameter (CR), a translucency perception threshold of 0.07 is considered [12].
The differences between 0.7 and 1.0 mm were imperceptible, however they were perceptible for 1.5 mm. Wang et al.
claim there is an exponential increase in the translucency of zirconia as the thickness is reduced [21]. This is partially true
according to our results; however, this effect was not sufficiently different in the 0.3 mm which differentiates the two
smallest thicknesses (0.7mm and 1.0mm) that were evaluated.

On the other hand, this color difference demonstrates that the greater thickness (1.5mm) of the restoration had
less influence on its color when placed on the dark background. This point of view demonstrates another important
characteristic of the optical propriety of ceramics, namely that the masking ability represents how much the restoration
can have an esthetic result without interference from the substrate color to which it is cemented. This parameter must be
observed according to how the human eye can perceive a color change, which is why the acceptability and perceptibility
thresholds are used [14]. This information is of great importance when we consider that prosthetic preparations may
be done on different materials such as composite resin, metal alloys, and darkened dentin reminiscent, presenting a
significant difference of color and optical proprieties among these options [8]. Teeth without discoloration are generally
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best restored with a more translucent ceramic, while teeth with discoloration or metal post-and-core require an opaque
ceramic material [21].

Our second null hypothesis regarding the masking ability of the evaluated ceramics was rejected, as the
different thicknesses presented distinct masking ability when applied on substrates with different colors. On
the other hand, our study demonstrated that the tested translucent zirconia was not able to mask the chosen
substrates considering masking ability thresholds [14], even when the greater thickness (1.5mm) was used. This
means that all the thicknesses of the evaluated translucent zirconia between a substrate with a standard color (A2)
and the substrates with darkened colors (C4, Ni-Cr and Cu-Al alloys) had a color change above the acceptability
and perceptibility thresholds.

In this sense, it is suggested to use an opaque cement which is capable of masking darkened backgrounds if
this is intended [22]. In addition, different textures on the surface of the restorations could be applied to make it as
natural as possible and consequently end up influencing the translucency [21]. In the case of polycrystalline ceramics, it
is also necessary to prepare the cementation surface with air-abrasion of abrasive particles to promote micromechanical
retention [23], thereby generating opacification of the air-abraded surface. However, both surfaces were polished in
our study in order to provide standardization. Therefore, it can be questioned whether specific surface treatments could
somehow promote better masking ability in these restorations.

As a limitation of our study, the non-use of a resin cement between the substrate and the ceramic may be
guestioned. However, our study aimed to specifically assess the capacity of ceramics without the influence of other
materials. This fact must obviously be considered in a clinical context, and based on what was found in our study, it
must be considered crucial for the esthetic success of the restoration, even in situations where there is the possibility of
a greater zirconia thickness.

Finally, it is suggested that the translucency and masking ability are different optical properties of ceramic
materials which should be known to guide clinical decisions for the material and thickness to be used. Although evolution
seeks materials with high translucency, one must work with different shades and translucencies of ceramics to achieve
the desired result. In the case of all-ceramic crowns made with machined translucent zirconia, it is important to carefully
evaluate the substrate to avoid an esthetically unsatisfactory final treatment.

CONCLUSION

- The translucent zirconia showed lower translucency in the thickness of 1.5mm and was not significantly different
between 0.7mm and 1.0mm.

- The increased thickness of the translucent zirconia was not able to produce sufficient masking ability of
all-ceramic ceramic restorations according to acceptability and perceptibility thresholds.
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