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Abstract: This in vitro study aimed to evaluate the final shade of translucent zirconia laminate veneers
with varying thicknesses over teeth with different shades. Seventy-five chairside computer-aided
design/computer-aided manufacturing (CAD/CAM) shade A1 third-generation zirconia dental
veneers, with thicknesses of 0.50 mm, 0.75 mm, and 1.00 mm, were placed on resin composite teeth
with shades ranging from A1 to A4. The laminate veneers were divided into groups based on thickness
and background shade. All restorations were evaluated with a color imaging spectrophotometer, to
map the veneer surface from A1 to D4. Regardless of the thickness or background shade, all dental
veneers showed color alteration from the original shade. Veneers with 0.5 mm thickness tended to
display the B1 shade, while veneers with 0.75 mm and 1.0 mm thickness primarily exhibited the
B2 shade. The thickness of the laminate veneer and background shade significantly modified the
original shade of the zirconia veneer. One-way analysis of variance was performed and a Kruskal–
Wallis test was used to determine the significance between the three veneer thicknesses groups.
The results indicated that the thinner restorations showed higher values with the color imaging
spectrophotometer, suggesting that thinner veneers may result in more consistent color matching.
This study underscores the importance of carefully considering thickness and background shade when
selecting zirconia laminate veneers, to ensure optimal color matching and overall aesthetic outcomes.

Keywords: dentistry; prosthodontics; zirconia; shade; dental veneers; laminate veneers; color
alteration; spectrophotometry; color mapping; color matching; aesthetic outcomes; CAD/CAM

1. Introduction

Dental zirconia is a popular ceramic material, due to its aesthetic outcomes, biocompat-
ibility, toughness, and low production cost [1–5]. Although zirconia was initially introduced
as a core material, its use as a monolithic restorative material has become more common,
due to concerns over chipping when layered [6,7]. A systematic review found that a zir-
conia core layered with another ceramic can have a chipping rate of 24% after 3 years of
use, leading to the switch to monolithic applications [8]. Furthermore, the composition of
dental zirconia has undergone significant changes over time [9,10]. First-generation zirco-
nia was completely opaque and used only as a core ceramic. Second-generation zirconia
(3Y-YZP) was modified by reducing the alumina content, resulting in some translucency
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and the ability to be used as a monolithic material, although it remains somewhat opaque.
Third-generation zirconia (5Y-YZP) was modified by increasing the yttria content from 3%
to 5% or more, resulting in considerably increased translucency [9–12].

To ensure the success of zirconia laminate veneers in terms of mechanical properties
and esthetic demands, it is crucial to balance their translucency and color matching with
natural teeth [13–16]. Although zirconia ceramics exhibit partial translucency, variations
in light transmission have been reported, which can impact the aesthetic outcome [17–19].
Factors such as the substrate, cement, type of zirconia, sintering thickness, and aging can
also affect the shade of zirconia restorations [20–25]. While increasing the thickness of
the zirconia restoration can improve background masking properties, it reduces translu-
cency [19,26]. Moreover, porosity, grain size, oxide additives, and light absorption during
cement polymerization can influence the dispersion and absorption of light, thereby affect-
ing the final shade of the restoration [27–29]. Thus, carefully considering the tooth shade,
shade selection, and thickness of a zirconia restoration is necessary to obtain the desired
aesthetic outcome.

Translucent zirconia (5Y-TZP) has emerged as a potential material for aesthetic veneer
restorations, but few case reports in the literature have demonstrated desirable final shades.
A recent report [30] described a patient treated with six ultra-thin zirconia veneers from the
maxillary right to left canine, with thicknesses ranging from 0.3 mm to 0.6 mm, which were
able to fulfill the patient’s aesthetic demands, even after a 1-year follow-up. Another case
series report [31] presented two patients treated with zirconia veneers, with one patient
having restorations from the maxillary right lateral incisor to the left lateral incisor, and
another patient from the maxillary right canine to the left lateral incisor. In both cases, thin
zirconia veneers with a thickness of 0.6 mm were able to address the patients’ aesthetic
concerns. Although these reports concluded that the translucent zirconia gave highly
aesthetic results, the shade of the background teeth presented no stains, so there were no
complications in matching the final color.

While companies that manufacture translucent zirconia claim that their products have
excellent optical properties, and while the initial case reports display promising aesthetic
results, limited information is available regarding the influence of different background
shades, notably darker shades, on zirconia veneers with varying thicknesses. Therefore,
this study aimed to evaluate the final shade of zirconia veneers with thicknesses of 0.5 mm,
0.75 mm, and 1.0 mm over teeth with A1, A2, A3, A3.5, and A4 shades and to test the null
hypothesis that there is no difference in the shade for veneers with different thicknesses
and background shades.

2. Materials and Methods

Three typodont (1560 Dentoform, Columbia Dentoform, Lancaster, PA, USA) maxillary
right central incisor teeth were prepared for veneers with 1.0 mm incisal reduction and with
facial reduction of 0.5 mm, 0.75 mm, and 1.0 mm. The three teeth were scanned with a chair-
side CAD/CAM system (Emerald S Intraoral Scanner, Planmeca, Helsinki, Finland) and
built-in software (PlanCAD Easy, Planmeca, Helsinki, Finland). A total of 75 veneer third-
generation zirconia restorations (Katana UTML, Kuraray Noritake, Tokyo, Japan) were
milled (n = 25 per thickness) with a dental laboratory milling machine (PrograMill PM7,
Ivoclar Vivadent). Veneers were glazed (Cerabien ZR FC, Kuraray Noritake, Tokyo, Japan),
sintered in a furnace (Programat S2, Ivoclar Vivadent), and polished (Zirconia Polisher Kerr
Corporation, Brea, CA, USA), following the manufacturer’s recommendations.

Putty indexes (Splash Half-Time Set Putty Paks, Dent-Mat Holdings LLC, Lompoc) on
the three prepared teeth were fabricated, and teeth were duplicated with resin composite
(Filtek Supreme Flowable Restorative, 3M Oral Care, Saint Paul, MN, USA) with shades
A1, A2, A3, A3.5, and A4. The veneers and background teeth with different shades were
divided into the following groups, where each group had n = 25 shade evaluations:

• group 1 (0.5-A1), veneers with 0.5 mm thickness with background tooth shade A1;
• group 2 (0.5-A2), veneers with 0.5 mm thickness with background tooth shade A2;
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• group 3 (0.5-A3), veneers with 0.5 mm thickness with background tooth shade A3;
• group 4 (0.5-A3.5), veneers with 0.5 mm thickness with background tooth shade A3.5;
• group 5 (0.5-A4), veneers with 0.5 mm thickness with background tooth shade A4;
• group 6 (0.75-A1), veneers with 0.75 mm thickness with background tooth shade A1;
• group 7 (0.75-A2), veneers with 0.75 mm thickness with background tooth shade A2;
• group 8 (0.75-A3), veneers with 0.75 mm thickness with background tooth shade A3;
• group 9 (0.75-A3.5), veneers with 0.75 mm thickness with background tooth shade A3.5;
• group 10 (0.75-A4), veneers with 0.75 mm thickness with background tooth shade A4;
• group 11 (1.0-A1), veneers with 1.0 mm thickness with background tooth shade A1;
• group 12 (1.0-A2), veneers with 1.0 mm thickness with background tooth shade A2;
• group 13 (1.0-A3), veneers with 1.0 mm thickness with background tooth shade A3;
• group 14 (1.0-A3.5), veneers with 1.0 mm thickness with background tooth shade A3.5;

and
• group 15 (1.0-A4), veneers with 1.0 mm thickness with background tooth shade A4.

A color imaging spectrophotometer (Spectroshade Micro II, Oxnard, CA, USA) was
used to obtain one frontal image of each restoration seated on each tooth with different
shades. The contour of the facial surface was delineated following the borders of the
restoration but held 1.0 mm away from the gingival aspect, as required by the software, to
prevent pink gingiva color interference with the color measurement. The software provided
a color shade map for each restoration, ranging from A1 to D4.

G-power calculation was used to determine the appropriate sample size for evaluating
the ultra-translucent zirconia laminate veneers. The effect size was set to 0.25 (medium) or
0.5 (large), with an alpha of 0.05 and a power of 0.8. The evaluation involved three different
thicknesses and five shades. The analysis showed that a total of 211 samples (for a medium
effect size) or 58 samples (for a large effect size) were required. Furthermore, it was found
that between 9.7 and 35.2 samples per group were needed, leading to a decision to use
25 samples per thickness and 15 samples per shade. Statistical analysis was conducted
using a statistical software package (STATA, version 17—StataCorp, College Station, TX,
USA). The analysis was conducted in three consecutive steps. First, the percentages of each
of the output shades on the spectrophotometer shade map were calculated, by dividing the
number of pixels of each particular shade over the total number of pixels of all shades that
appeared on the shade map of each veneer image. The average percentage of each of the
output shades was calculated for each of the fifteen groups, to obtain descriptive statistics.
Second, a Kruskal–Wallis test was performed to assess the influence of veneer thickness
and background shade on the output shade percentage distribution, followed by Dunn’s
pair-wise comparison. The normality of the data was explored using the Shapiro–Wilk
test. As the data were found to be non-normal, the Kruskal–Wallis test was deemed an
appropriate statistical test for analysis. Finally, a multiple linear regression model was
run, to simultaneously check the potential influence of both the veneer thickness and the
background shade over the output shade distribution.

3. Results

The spectrophotometer analysis revealed variations in the output shade distribution
in the shade map, with the final veneer shade varying depending on the thickness and
background shade. Figure 1 presents the percentage distribution of veneer thicknesses
(0.50 mm, 0.75 mm, and 1.00 mm) across the five background shades (A1, A2, A3, A3.5, and
A4). Among the 0.50 mm thickness veneer groups, the highest percentage output shade
was B1, followed by A1 shades, with a lower percentage distribution of the B2 shade. The
results indicated that thinner veneers tended to exhibit a shade shift towards the B1 shade,
while thicker veneers primarily showed the B2 shade.
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Figure 1. Output shade percentage distribution for zirconia veneers with 0.5 mm (top left), 0.75 mm
(top right), and 1.0 mm (bottom center) thickness over backgrounds with shade A, A2, A3, A3.5,
and A4.

In contrast, the shade maps for the 0.75 mm groups showed a greater percentage
distribution of the A1 shade, followed by the B2 and B1 shades. The shade maps for
the 1.00 mm thickness groups showed a higher percentage distribution of the B2 shade,
followed by the A1 and A2 shades. Notably, the shade maps across all groups showed no
or a low percentage distribution of the B3, B4, and C1 shades. To facilitate the analysis, the
four main shades that appeared were the focus in the shade maps across all groups, namely
A1, A2, B1, and B2. Examples of the shade maps for each of the three thickness groups are
presented in Figure 2.
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A Kruskal–Wallis test was run to accommodate the non-parametric data, to determine
whether there was a statistically significant difference in the output shade distribution
between each of the three veneer thicknesses groups. The same test was conducted to
check the difference between the groups based on the background shades. Whenever the
results were statistically significant, Dunn’s pair-wise comparison test with Bonferroni
correction was run to determine which output shades showed a significant difference across
the veneer thickness and the background shade groups.

The results in Table 1 show a statistically significant difference across all thickness
groups for each of the output shades (n = 125 for each thickness group—25 samples over
5 background shades).

Table 1. Distribution of the percentage of output shades according to veneer thickness. The table
shows the results of the Kruskal–Wallis test for multiple comparisons of non-parametric data. 1:
N = 125 samples (25 samples per veneer thickness*5 background shades) IQR: Interquartile range.

Output Shades Veneer Thickness = 0.5 mm Veneer Thickness = 0.75 mm Veneer Thickness = 1.00 mm p-Value

A1, median (IQR) 30.00 (25.00, 41.00) 59.00 (47.00, 69.00) 22.00 (17.00, 28.00) <0.001

A2, median (IQR) 0.00 (0.00, 0.00) 0.00 (0.00, 6.00) 10.00 (8.00, 12.00) <0.001

B1, median (IQR) 57.00 (48.00, 64.00) 6.00 (4.00, 8.00) 0.00 (0.00, 2.00) <0.001

B2, median (IQR) 8.00 (6.00, 12.00) 28.00 (21.00, 40.00) 66.00 (61.00, 70.00) <0.001

B3, median (IQR) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.002

B4, median (IQR) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) <0.001

C1, median (IQR) 0.00 (0.00, 4.00) 0.00 (0.00, 3.00) 0.00 (0.00, 0.00) 0.028

A pair-wise comparison Dunn test showed that all pair groups showed statistically
significant differences for each of the main output shades appearing on the shade maps
(A1, A2, B1, and B2). Comparing the output shade distribution across the five background
shade groups (n = 75 samples each) showed a statistically significant difference across the
five background shade groups for all the output shades, except B2. Pair-wise comparisons
showed that the output shade A1 was significantly higher with the background shade A1
than all other background shade groups. The results comparing the output shades across
the five background shade groups are summarized in Table 2.

Table 2. Distribution of the % of output shades according to background shade. The table shows the
results of the Kruskal–Wallis test for multiple comparisons of non-parametric data.

Output Shades A1 A2 A3 A3.5 A4 p-Value

A1, median (IQR) 45.00
(30.00, 66.00)

30.00
(18.00, 44.00)

33.00
(18.00, 50.00)

30.00
(23.00, 41.00)

28.00
(20.00, 50.00) <0.001

A2, median (IQR) 0.00
(0.00, 6.00)

7.00
(0.00, 10.00)

5.00
(0.00, 10.00)

0.00
(0.00, 8.00)

0.00
(0.00, 10.00) 0.010

B1, median (IQR) 7.00
(0.00, 44.00)

6.00
(0.00, 54.00)

3.00
(0.00, 41.00)

5.00
(2.00, 56.00)

10.00
(3.00, 63.00) 0.013

B2, median (IQR) 22.00
(9.00, 58.00)

34.00
(7.00, 63.00)

39.00
(11.00, 70.00)

31.00
(13.00, 58.00)

22.00
(12.00, 60.00) 0.220

B3, median (IQR) 0.00
(0.00, 0.00)

0.00
(0.00, 0.00)

0.00
(0.00, 0.00)

0.00
(0.00, 0.00)

0.00
(0.00, 0.00) 0.004

B4, median (IQR) 0.00
(0.00, 0.00)

0.00
(0.00, 0.00)

0.00
(0.00, 0.00)

0.00
(0.00, 0.00)

0.00
(0.00, 0.00) <0.001

C1, median (IQR) 0.00
(0.00, 0.00)

3.00
(0.00, 7.00)

0.00
(0.00, 0.00)

0.00
(0.00, 4.00)

0.00
(0.00, 0.00) <0.001
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To investigate the simultaneous influence of both veneer thickness and background
shade on the shade map distribution, a multiple linear regression model was conducted
considering the veneer thickness and the background shade as covariates and the percent-
age of the output shade as an outcome. The multiple linear regression analysis results are
summarized in Table 3.

Table 3. Multiple linear regression analysis for percentage of output shades as outcome, considering
both the veneer thickness and background shade as covariates.

Output Shade Level Coefficient 95% CI Lower 95% CI Upper p-Value

A1

Veneer Thickness

0.50 mm Reference

0.75 mm 24.6619 21.6870 27.6369 <0.001

1.00 mm −8.6821 −11.657 −5.7071 <0.001

Background Shade

A1 Reference

A2 −13.8000 −17.6169 −9.9831 <0.001

A3 −10.7916 −14.6215 −6.9617 <0.001

A3.5 −10.6049 −14.4482 −6.7617 <0.001

A4 −11.9333 −15.7503 −8.1164 <0.001

A2

Veneer Thickness

0.50 mm Reference

0.75 mm 2.6793 2.0575 3.3011 <0.001

1.00 mm 9.8073 9.1855 10.4291 <0.001

Background Shade

A1 Reference

A2 2.173333 1.3755 2.9711 <0.001

A3 2.043213 1.2427 2.8437 <0.001

A3.5 0.224597 −0.5787 1.0279 0.583

A4 0.253333 −0.5445 1.0511 0.533

B1

Veneer Thickness

0.50 mm Reference

0.75 mm −48.8392 −50.9970 −46.6814 <0.001

1.00 mm −54.8312 −56.9890 −52.6734 <0.001

Background Shade

A1 Reference

A2 3.4400 0.6715 6.2085 0.015

A3 −0.8845 −3.6624 1.8933 0.532

A3.5 4.5765 1.7889 7.3641 0.001

A4 8.5867 5.8182 11.3552 0
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Table 3. Cont.

Output Shade Level Coefficient 95% CI Lower 95% CI Upper p-Value

B2

Veneer Thickness

0.5 mm Reference

0.75 mm 22.6229 20.1951 25.0507 <0.001

1.00 mm 55.5749 53.1471 58.0027 <0.001

Background Shade

A1 Reference

A2 3 −0.11491 6.1149 0.059

A3 9.0195 5.8940 12.1449 <0.001

A3.5 4.3956 1.2592 7.5320 0.006

A4 1.5467 −1.5682 4.6616 0.329

B3

Veneer Thickness

0.50 mm Reference

0.75 mm −0.1789 −0.2938 −0.0641 0.002

1.00 mm −0.1789 −0.2938 −0.0641 0.002

Background Shade

A1 Reference

A2 0.1867 0.03932 0.33401 0.013

A3 −0.0517 −0.1996 0.0961 0.492

A3.5 −0.0501 −0.1984 0.0983 0.507

A4 −0.0533 −0.2007 0.0940 0.477

B4

Veneer Thickness

0.50 mm Reference

0.75 mm −0.4314 −0.6481 −0.2147 <0.001

1.00 mm −0.4714 −0.6881 −0.2547 <0.001

Background Shade

A1 Reference

A2 0.3333 0.0553 0.6114 0.019

A3 −0.2493 −0.5282 0.0297 0.080

A3.5 −0.2451 −0.5250 0.0348 0.086

A4 −0.2533 −0.5314 0.0247 0.074

C1

Veneer Thickness

0.50 mm Reference

0.75 mm 0.1345 −0.7897 1.0588 0.775

1.00 mm −1.0095 −1.9337 −0.0852 0.032

Background Shade

A1 Reference

A2 3.8933 2.7075 5.0792 <0.001

A3 0.1769 −1.0130 1.3668 0.770

A3.5 0.8655 −0.3285 2.0596 0.155

A4 1.1333 −0.0525 2.3192 0.061

The results showed that, while adjusting for the background shade, increasing the ve-
neer thickness from 0.5 mm to 0.75 mm resulted in a significant increase in the percentage of
the output shades A1, A2, and B2 on the shade map, by 24.7%, 2.7%, and 22.6%, respectively
(p < 0.001); and a significant decrease of the B1 shade by 48.8% (p < 0.001). When increasing
the veneer thickness from 0.5 mm to 1.00 mm, there was a statistically significant increase
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in the percentage distribution of shades A2 and B2, by 9.8% and 55.5%, respectively, over
the veneer shade map (p < 0.001), and a significant decrease in the percentage of output
shades A1 and B1, by 8.7% and 54.8%, respectively (p < 0.001).

While adjusting for the veneer thickness, as compared to the A1 background shade,
having darker background shades resulted in a significant decrease in the shade distribution
of the output shade A1, by 13.8%, 10.8%, 10.6%, and 11.9% for the background shades (A2,
A3, A3.5, and A4), respectively (p < 0.001). Darkening the background shades from A1 to
A2 and A3 resulted in a statistically significant increase in the output shade A2 of around
2% for both background shades (p < 0.001). The percentage distribution of the B1 shade
on the spectrophotometer shade map significantly increased, by 3.4% and 4.6%, with the
background shades A2 and A3.5 compared to the A1 background shade (p-value = 0.015
and 0.001, respectively). Similarly, the percent distribution of the output shade B2 increased
by 9% and 4.4% with the background shades A3 and A3.5 compared to the background
shade A1 (p-value < 0.001 and p = 0.006, respectively). A final summary of the shades by
percentage obtained in each group is shown in Table 4.

Table 4. Summary of the percentage distribution of output shades across different subgroups of
background shades after adjusting for veneer thickness.

Background Shades

A1 A2 A3 A3.5 A4

Zirconia

Shade

A1

Veneers
with

0.50 mm
thickness

Output
Shades

Group 1
(0.5-A1)

Group 2
(0.5-A2)

Group 3
(0.5-A3)

Group 4
(0.5-A3.5)

Group 5
(0.5-A4)

A1 43% 30% 41% 24% 21%

A2 1% 0% 0% 0% 0%

B1 44% 57% 48% 62% 67%

B2 10% 6% 8% 11% 10%

B3 0% 1% 0% 0% 0%

B4 1% 2% 0% 0% 0%

C1 1% 4% 3% 2% 2%

Veneers
with

0.75 mm
thickness

Output
Shades

Group 6
(0.75-A1)

Group 7
(0.75-A2)

Group 8
(0.75-A3)

Group 9
(0.75-A3.5)

Group 10
(0.75-A4)

A1 63% 51% 51% 57% 65%

A2 2% 5% 5% 2% 0%

B1 9% 6% 3% 5% 5%

B2 25% 30% 42% 35% 29%

B3 0% 0% 0% 0% 0%

B4 0% 0% 0% 0% 0%

C1 0% 7% 0% 1% 0%

Veneers
with

1.00 mm
thickness

Output
Shades

Group 11
(1.0-A1)

Group 12
(1.0-A2)

Group 13
(1.0-A3)

Group 14
(1.0-A3.5)

Group 15
(1.0-A4)

A1 32% 18% 16% 26% 24%

A2 7% 12% 11% 9% 11%

B1 1% 0% 0% 1% 1%

B2 59% 67% 73% 62% 64%

B3 0% 0% 0% 0% 0%

B4 0% 0% 0% 0% 0%

C1 1% 3% 0% 2% 0%
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4. Discussion

Replicating natural teeth is challenging for clinicians working in the aesthetic area.
Achieving optical, biological, and anatomical outcomes that mimic the natural dentition
and satisfy patient demands is hindered by current restorative materials and color-matching
techniques [32–34]. Color matching is a complex process that begins with selecting the
appropriate tooth shade, which can be achieved through either visual assessment or with
digital devices [35,36]. Traditionally, dentists have relied on prefabricated shade guides for
visual assessment; however, this method is susceptible to various external factors that can
compromise the accuracy of the outcome, such as the level of experience, eye fatigue, and
lighting conditions [37].

Novel digital devices for shade selection have demonstrated improved reliability,
by providing more consistent and accurate color values [38,39]. One such device is the
spectrophotometer, which has been shown to produce accurate results for tooth color
matching [40]. Some spectrophotometers divide the tooth or restoration into gingival
thirds, middle third, and incisal third, and display the values on a black and white monitor,
while more advanced devices provide a full shade map with a wide range of colors [41,42].
In our study, we utilized an advanced digital spectrophotometer (SpectroShade Micro II),
which boasts a high-resolution LCD with a touch screen capable of handling 2 million
image data points, for a complete mapping of the entire tooth or restoration for color
assessment.

The shade A1 maxillary right central incisor veneers with thickness 0.5 mm, 0.75 mm,
and 1.0 mm evaluated over background shades A1, A2, A3, A3.5, and A4 presented color
alterations from the original A1. A summary of the shades by the percentage obtained
in each group is shown in Table 4. The final shade displayed for veneers with 0.5 mm
thickness was as follows: group 1 (0.5-A1) presented 44% B1, 43% A1, and 10% B2; group
2 (0.5-A2) displayed 57% B1, 30% A1, and 6% B2; group 3 (0.5-A3) presented 48% B1,
41% A1, and 8% B2; group 4 (0.5-A4) displayed 62% B1, 24% A1, and 11% B2. The final
shade presented for veneers with a thickness of 0.75 mm was as follows: group 6 (0.75-A1)
displayed 63% A1, 25% B2, and 9% B1; group 7 (0.75-A2) 51% A1, 42% B2, and 6% B1;
group 8 (0.75-A3) presented 57% A1, 42% B2, and 3% B1; group 9 (0.75-A3.5) displayed
57% A1, 35% B2, and 5% B1; group 10 (0.75-A4) displayed 65% A1, 29% B2, and 5% B1. The
final shade displayed for veneers with 1.0 mm thickness was as follows: group 11 (1.0-A1)
presented 59% B2, 32% A1, and 7% A2; group 12 presented (1.0-A2) 67% B2, 18% A1, and
12% A2; group 13 (1.0-A3) displayed 73% B2, 16% A1, and 11% A2; group 14 (1.0-A3.5)
presented 62% B2, 26% A1, and 9% A2; and group 15 (1.0-A4) displayed 64% B2, 24% A1,
and 11% A2. Therefore, the null hypothesis that there was no difference in the shade for
veneers with different thicknesses and background shades was partially rejected, because
A1 veneers with thicknesses of 0.5 mm and 1.0 mm presented a higher percentage of shade
B1 and B2, respectively.

The term "value" refers to the brightness of a color on a scale from white to black,
where a high value is bright white, and a low value is dark gray. In the traditional tooth
shade guide, the B1 shade represents the highest value, followed by A1 and B2. Our study
found that the thinnest zirconia veneers, with a thickness of 0.5 mm, provided the highest
percentage of B1 shade, which corresponds to a high value. Our findings are consistent with
previous studies, demonstrating that thicker restorations generally result in lower values.
For example, a recent study evaluated the color of ultra-translucent multilayered zirconia
specimens with thicknesses of 0.5 mm and 0.7 mm over white and black backgrounds and
found that thicker restorations had lower values [43]. Another recent study that examined
monolithic zirconia disks with thicknesses of 0.5 mm, 1 mm, 1.5 mm, and 2 mm cemented
with transparent and opaque types of cement also found that the material thickness affected
the final color, with 0.5 mm specimens showing the highest value [44].

We used resin composite to standardize the background/stump shade across groups.
However, the optical properties of resin composite and natural teeth differ based on how
light interacts with the material through specular transmission, specular reflection, diffuse
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light reflection, and absorption and scattering [45]. Nevertheless, selecting natural teeth
with standardized optical properties for comparison is challenging. Previous studies using
natural teeth to evaluate veneer color matching noted the limitation of the potentially
diverse color parameters and optical properties between different teeth [46–48]. Further
research is necessary to determine how enamel optical properties, in particular, affect final
shade matching. Furthermore, additional studies are also needed to evaluate the effect of
thickness on other variables such as flexural forces [49] and hardness [50], to allow a more
comprehensive overview of the tested ceramics.

This study aimed to guide clinicians in achieving the desired final shade for zirconia
veneers with different thicknesses over different background shades. However, limitations
were identified, such as the need for future studies on using color digital spectrophotome-
ters to compare the final shade of zirconia veneers with different thicknesses using try-in
resin cement in various shades. It would also be valuable to compare different zirconia
brands using the same methodology and to conduct a study using final resin cement in dif-
ferent shades. Additionally, differences between the spectrophotometer and human vision
were identified, but further studies are needed to evaluate the extent to which human vision
agrees with the spectrophotometer findings, considering individual differences in color
perception and the potential influence of lighting conditions. Lastly, studies comparing
the spectrophotometer findings and visual assessment by clinicians could also provide
valuable clinical data.

5. Conclusions

Based on the results of the color spectrophotometer evaluation conducted in this study,
the final shade of zirconia laminate veneers with different thicknesses was found to be
significantly influenced by the stump shade. The thinnest zirconia veneers, with 0.5 mm
thickness, tended to display a higher value shade, B1, when placed over backgrounds A1,
A2, A3, A3.5, and A4, whereas veneers with 0.75 mm and 1.00 mm thickness tended to
display a lower value shade, B2.

These findings have important implications for clinicians seeking to obtain the desired
final shade for zirconia dental veneers with different thicknesses. Future studies employing
color digital spectrophotometers are warranted, to further evaluate the effect of try-in resin
cement and different zirconia brands on the final shade of zirconia laminate veneers.

Author Contributions: Conceptualization, S.M. and C.A.J.; methodology, C.A.J. and K.I.A.; software,
J.W.; validation, S.E., F.F. and N.G.F.; formal analysis, S.E.; investigation, J.W.; resources, F.F.; data
curation, S.M. and K.I.A.; writing—original draft preparation, C.A.J.; writing—review and editing,
K.I.A. and N.G.F.; supervision, C.A.J.; project administration, S.M.; funding acquisition, F.F. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Afrashtehfar thanks the Universität Bern for partially supporting the open access
publication modality of this work.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ghodsi, S.; Jafarian, Z. A review on translucent zirconia. Eur. J. Prosthodont. Restor. Dent. 2018, 26, 62–74. [PubMed]
2. Jurado, C.A.; Tsujimoto, A.; Guzman, L.G.; Fischer, N.G.; Markham, M.D.; Barkmeier, W.W.; Latta, M.A. Implant therapy with

monolithic translucent zirconia restorations in the esthetic zone. Gen. Dent. 2020, 68, 46–49. [PubMed]
3. Afrashtehfar, K.I.; Del Fabbro, M. Clinical performance of zirconia implants: A meta-review. J. Prosthet. Dent. 2020, 123, 419–426.

[CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/29797847
https://www.ncbi.nlm.nih.gov/pubmed/31859662
https://doi.org/10.1016/j.prosdent.2019.05.017
https://www.ncbi.nlm.nih.gov/pubmed/31451193


Materials 2023, 16, 3030 11 of 12

4. Afrashtehfar, K.I.; de Souza, R.F. Comments regarding: Cooper LF, Stanford C, Feine J, McGuire, M. Prospective assessment
of CAD-CAM zirconia abutment and lithium disilicate crown restorations: 2.4 year results. J. Prosthet. Dent. 2016, 119, 313.
[CrossRef] [PubMed]

5. Igarashi, K.; Katagiri, H.; Abou-Ayash, S.; Schimmel, M.; Afrashtehfar, K.I. Double-Crown Prosthesis Retention Using Polyether-
ketoneketone (PEKK): An In Vitro Study. J. Prosthodont. 2022; Online ahead of print. [CrossRef]

6. Agustin-Panadero, R.; Roman-Rodriguez, J.; Ferreiroa, A.; Sola-Ruiz, M.; Fons-Font, A. Zirconia in fixed prosthesis. A literature
review. J. Clin. Exp. Dent. 2014, 6, e66–e73. [CrossRef]

7. Jurado, C.A.; Villalobos-Tinoco, J.; Watanabe, H.; Sanchez-Hernandez, R.; Tsujimoto, A. Novel translucent monolithic zirconia
fixed restorations in the esthetic zone. Clin. Case Rep. 2022, 10, e05499. [CrossRef]

8. Heintze, S.D.; Rousson, V. Survival of zirconia- and metal-supported fixed dental prostheses: A systematic review. Int. J.
Prosthodont. 2010, 23, 493–502.

9. Jitwirachot, K.; Rungsiyakull, P.; Holloway, J.A.; Jia-Mahasap, W. Wear Behavior of Different Generations of Zirconia: Present
Literature. Int. J. Dent. 2022, 2022, 9341616. [CrossRef]

10. Stawarczyk, B.; Keul, C.; Eichberger, M.; Figge, D.; Edelhoff, D.; Lumkemann, N. Three generations of zirconia: From veneered to
monolithic. Part I. Quintessence Int. 2017, 48, 369–380. [CrossRef]

11. Hashemi, A.M.; Hashemi, H.M.; Siadat, H.; Shamshiri, A.; Afrashtehfar, K.I.; Alikhasi, M. Fully Digital versus Conventional
Workflows for Fabricating Posterior Three-Unit Implant-Supported Reconstructions: A Prospective Crossover Clinical Trial. Int. J.
Environ. Res. Public Health 2022, 19, 11456. [CrossRef] [PubMed]

12. Stawarczyk, B.; Keul, C.; Eichberger, M.; Figge, D.; Edelhoff, D.; Lumkemann, N. Three generations of zirconia: From veneered to
monolithic. Part II. Quintessence Int. 2017, 48, 441–450. [CrossRef] [PubMed]

13. Kontonasaki, E.; Rigos, A.E.; Ilia, C.; Istantsos, T. Monolithic Zirconia: An Update to Current Knowledge. Optical Properties,
Wear, and Clinical Performance. Dent. J. 2019, 7, 90. [CrossRef]

14. Jurado, C.A.; Sadid-Zadeh, R.; Watanabe, H.; Robbins, C.; Afrashtehfar, K.I.; Fischer, N.; Lee, D. Effect of Incisal Preparation
Design on the Fracture Strength of Monolithic Zirconia-Reinforced Lithium Silicate Laminate Veneers. J. Prosthodont. 2023; Online
ahead of print. [CrossRef]

15. Souza, R.; Barbosa, F.; Araújo, G.; Miyashita, E.; Bottino, M.; Melo, R.; Zhang, Y. Ultrathin Monolithic Zirconia Veneers: Reality or
Future? Report of a Clinical Case and One-year Follow-up. Oper. Dent. 2018, 43, 3–11. [CrossRef]

16. Fathy, S.M.; Al-Zordk, W.; Grawish, M.E.; Swain, M.V. Flexural strength and translucency characterization of aesthetic monolithic
zirconia and relevance to clinical indications: A systematic review. Dent. Mater. 2021, 37, 711–730. [CrossRef]

17. Wang, F.; Takahashi, H.; Iwasaki, N. Translucency of dental ceramics with different thicknesses. J. Prosthet. Dent. 2013, 110, 14–20.
[CrossRef] [PubMed]

18. Han, S.-H.; Shimada, Y.; Sadr, A.; Tagami, J.; Tabata, T.; Nakagawa, H.; Yang, S.-E. Effects of Material Thickness and Pretreatment
on the Interfacial Gap of Translucent Zirconia Restorations with Self-adhesive Resin Cement. Oper. Dent. 2022, 47, 535–548.
[CrossRef]

19. Lee, W.-F.; Takahashi, H.; Iwasaki, N.; Peng, P.-W. Effect of thickness of externally characterized stains on optical properties of
high-translucency zirconia. Clin. Oral Investig. 2022, 27, 165–171. [CrossRef]

20. Kurtulmus-Yilmaz, S.; Ulusoy, M. Comparison of the translucency of shaded zirconia all-ceramic systems. J. Adv. Prosthodont.
2014, 6, 415–422. [CrossRef] [PubMed]

21. Sulaiman, T.A.; Abdulmajeed, A.A.; Donovan, T.E.; Ritter, A.V.; Vallittu, P.K.; Närhi, T.O.; Lassila, L.V. Optical properties and
light irradiance of monolithic zirconia at variable thicknesses. Dent. Mater. 2015, 31, 1180–1187. [CrossRef] [PubMed]

22. Suputtamongkol, K.; Tulapornchai, C.; Mamani, J.; Kamchatphai, W.; Thongpun, N. Effect of the shades of background
substructures on the overall color of zirconia-based all-ceramic crowns. J. Adv. Prosthodont. 2013, 5, 319–325. [CrossRef]

23. Oh, S.H.; Kim, S.G. Effect of abutment shade, ceramic thickness, and coping type on the final shade of zirconia all-ceramic
restorations: In vitro study of color masking ability. J. Adv. Prosthodont. 2015, 7, 368–374. [CrossRef] [PubMed]

24. Kumagai, N.; Hirayama, H.; Finkelman, M.D.; Ishikawa-Nagai, S. The effect of translucency of Y-TZP based all-ceramic crowns
fabricated with different substructure designs. J. Dent. 2013, 41, e87–e92. [CrossRef] [PubMed]

25. Tabatabaian, F.; Dalirani, S.; Namdari, M. Effect of Thickness of Zirconia Ceramic on Its Masking Ability: An In Vitro Study. J.
Prosthodont. 2019, 28, 666–671. [CrossRef]

26. Angela Mazıero Volpato, C.; Francısco Cesar, P.; Antonıo Bottıno, M. Influence of accelerated aging on the color stability of dental
zirconia. J. Esthet. Restor. Dent. 2016, 28, 304–312. [CrossRef]

27. Ebeid, K.; Wille, S.; Hamdy, A.; Salah, T.; El-Etreby, A.; Kern, M. Effect of changes in sintering parameters on monolithic
translucent zirconia. Dent. Mater. 2014, 30, e419–e424. [CrossRef]

28. Supornpun, N.; Oster, M.; Phasuk, K.; Chu, T.G. Effects of shade and thickness on the translucency parameter of anatomic-contour
zirconia, transmitted light intensity, and degree of conversion of the resin cement. J Prosthet Dent. 2023, 129, 213–219. [CrossRef]

29. Turp, V.; Turkoglu, P.; Sen, D. Influence of monolithic lithium disilicate and zirconia thickness on polymerization efficiency of
dual-cure resin cements. J. Esthet. Restor. Dent. 2018, 30, 360–368. [CrossRef]

30. Caprak, Y.O.; Turkoglu, P.; Akgungor, G. Does the translucency of novel monolithic CAD/CAM materials affect resin cement
polymerization with different curing modes? J. Prosthodont. 2019, 28, e572–e579. [CrossRef]

https://doi.org/10.1016/j.prosdent.2017.02.013
https://www.ncbi.nlm.nih.gov/pubmed/28641823
https://doi.org/10.1111/jopr.13512
https://doi.org/10.4317/jced.51304
https://doi.org/10.1002/ccr3.5499
https://doi.org/10.1155/2022/9341616
https://doi.org/10.3290/J.QI.A38057
https://doi.org/10.3390/ijerph191811456
https://www.ncbi.nlm.nih.gov/pubmed/36141729
https://doi.org/10.3290/J.QI.A38157
https://www.ncbi.nlm.nih.gov/pubmed/28497132
https://doi.org/10.3390/dj7030090
https://doi.org/10.1111/jopr.13689
https://doi.org/10.2341/16-350-T
https://doi.org/10.1016/j.dental.2021.01.022
https://doi.org/10.1016/S0022-3913(13)60333-9
https://www.ncbi.nlm.nih.gov/pubmed/23849609
https://doi.org/10.2341/21-024-L
https://doi.org/10.1007/s00784-022-04704-6
https://doi.org/10.4047/jap.2014.6.5.415
https://www.ncbi.nlm.nih.gov/pubmed/25352964
https://doi.org/10.1016/j.dental.2015.06.016
https://www.ncbi.nlm.nih.gov/pubmed/26198027
https://doi.org/10.4047/jap.2013.5.3.319
https://doi.org/10.4047/jap.2015.7.5.368
https://www.ncbi.nlm.nih.gov/pubmed/26576252
https://doi.org/10.1016/j.jdent.2012.10.005
https://www.ncbi.nlm.nih.gov/pubmed/23079282
https://doi.org/10.1111/jopr.12625
https://doi.org/10.1111/jerd.12239
https://doi.org/10.1016/j.dental.2014.09.003
https://doi.org/10.1016/j.prosdent.2021.04.019
https://doi.org/10.1111/jerd.12390
https://doi.org/10.1111/jopr.12956


Materials 2023, 16, 3030 12 of 12

31. Turp, V.; Sen, D.; Poyrazoglu, E.; Tuncelli, B.; Goller, G. Influence of zirconia base and shade difference on polymerization
efficiency of dual-cure resin cement. J. Prosthodont. 2011, 20, 361–365. [CrossRef]

32. Tabatabaian, F.; Taghizade, F.; Namdari, M. Effect of coping thickness and background type on the masking ability of a zirconia
ceramic. J. Prosthet. Dent. 2018, 119, 159–165. [CrossRef] [PubMed]

33. Basso, G.; Kodama, A.; Pimentel, A.; Kaizer, M.R.; Della Bona, A.; Moraes, R.; Boscato, N. Masking Colored Substrates Using
Monolithic and Bilayer CAD-CAM Ceramic Structures. Oper. Dent. 2017, 42, 387–395. [CrossRef]

34. Jurado, C.A.; AlResayes, S.; Sayed, M.E.; Villalobos-Tinoco, J.; Llanes-Urias, N.; Tsujimoto, A. A customized metal guide for
controllable modification of anterior teeth contour prior to minimally invasive preparation. Saudi Dent. J. 2020, 33, 518–523.
[CrossRef] [PubMed]

35. Afrashtehfar, K.I.; Assery, M.K. Five considerations in cosmetic and esthetic dentistry. J. N. J. Dent. Assoc. 2014, 85, 14–15.
36. Alikhasi, M.; Yousefi, P.; Afrashtehfar, K.I. Smile Design: Mechanical Considerations. Dent. Clin. N. Am. 2022, 66, 477–487.

[CrossRef]
37. Jorquera, G.J.; Atria, P.J.; Galán, M.; Feureisen, J.; Imbarak, M.; Kernitsky, J.; Cacciuttolo, F.; Hirata, R.; Sampaio, C.S. A comparison

of ceramic crown color difference between different shade selection methods: Visual, digital camera, and smartphone. J. Prosthet.
Dent. 2021, 128, 784–792. [CrossRef]

38. Hardan, L.; Bourgi, R.; Cuevas-Suárez, C.E.; Lukomska-Szymanska, M.; Monjarás-Ávila, A.J.; Zarow, M.; Jakubowicz, N.;
Jorquera, G.; Ashi, T.; Mancino, D.; et al. Novel Trends in Dental Color Match Using Different Shade Selection Methods: A
Systematic Review and Meta-Analysis. Materials 2022, 15, 468. [CrossRef] [PubMed]

39. Berns, R.S.; Billmeyer, F.W.; Saltzman, M. Billmeyer and Saltzman’s Principles of Color Technology, 4th ed.; John Wiley & Sons:
Hoboken, NJ, USA, 2019; pp. 13–20.

40. Gehrke, P.; Riekeberg, U.; Fackler, O.; Dhom, G. Comparison of in vivo visual, spectrophotometric and colorimetric shade
determination of teeth and implant-supported crowns. Int. J. Comput. Dent. 2009, 12, 247–263. [PubMed]

41. Paul, S.; Peter, A.; Rodoni, L.; Pietrobon, N. Conventional visual vs spectrophotometric shade taking for porcelain-fused-to-metal
crowns: A clinical comparison. Int. J. Periodontics Restor. Dent. 2004, 24, 222–231. [CrossRef]

42. Farah, R.I. Agreement between digital image analysis and clinical spectrophotometer in CIEL*C*h◦ coordinate differences and
total color difference (∆E) measurements of dental ceramic shade tabs. Int. J. Esthet. Dent. 2016, 11, 234–245.

43. Zlatarić, D.K.; Ileš, D.; Alajbeg, M.; Žagar, M.; Knezović, D.; Illeš, I. In Vivo and in Vitro Evaluations of Repeatability and Accuracy
of VITA Easyshade® Advance 4.0 Dental Shade-Matching Device. Acta Stomatol. Croat. 2015, 49, 112–118. [CrossRef] [PubMed]

44. Mahboub, F.; Nourizadeh, A.; Izadpanah, A. The Comparison of Color Stability of Aloe Vera Gel and Chlorhexidine Solution on
Acrylic Teeth. Int. J. Dent. 2022, 2022, 6196803. [CrossRef] [PubMed]

45. Khosravani, S.R.; Kahnamoui, M.A.; Kimyai, S.; Navimipour, E.J.; Mahounak, F.S.; Azar, F.P. Final Colour of Ultratranslucent
Multilayered Zirconia Veneers, Effect of Thickness, and Resin Cement Shade. BioMed. Res. Int. 2022, 2022, 2555797. [CrossRef]

46. Bayindir, F.; Koseoglu, M. The effect of restoration thickness and resin cement shade on the color and translucency of a high-
translucency monolithic zirconia. J. Prosthet. Dent. 2020, 123, 149–154. [CrossRef] [PubMed]

47. Darling, C.L.; Huynh, G.D.; Fried, D. Light scattering properties of natural and artificially demineralized dental enamel at 1310
nm. J. Biomed. Opt. 2006, 11, 034023. [CrossRef]

48. Su, Y.; Xin, M.; Chen, X.; Xing, W. Effect of CAD-CAM ceramic materials on the color match of veneer restorations. J. Prosthet.
Dent. 2021, 126, 255.e1–255.e7. [CrossRef]

49. Cacciafesta, V.; Sfondrini, M.F.; Lena, A.; Scribante, A.; Vallittu, P.K.; Lassila, L.V. Force levels of fiber-reinforced composites and
orthodontic stainless steel wires: A 3-point bending test. Am. J. Orthod. Dentofac. Orthop. 2008, 133, 410–413. [CrossRef]

50. Pieniak, D.; Walczak, A.; Walczak, M.; Przystupa, K.; Niewczas, A.M. Hardness and Wear Resistance of Dental Biomedical
Nanomaterials in a Humid Environment with Non-Stationary Temperatures. Materials 2020, 13, 1255. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1532-849X.2011.00721.x
https://doi.org/10.1016/j.prosdent.2017.03.009
https://www.ncbi.nlm.nih.gov/pubmed/28478989
https://doi.org/10.2341/16-247-L
https://doi.org/10.1016/j.sdentj.2020.09.004
https://www.ncbi.nlm.nih.gov/pubmed/34803295
https://doi.org/10.1016/j.cden.2022.02.008
https://doi.org/10.1016/j.prosdent.2020.07.029
https://doi.org/10.3390/ma15020468
https://www.ncbi.nlm.nih.gov/pubmed/35057185
https://www.ncbi.nlm.nih.gov/pubmed/19715149
https://doi.org/10.1016/j.prosdent.2004.07.004
https://doi.org/10.15644/asc49/2/4
https://www.ncbi.nlm.nih.gov/pubmed/27688393
https://doi.org/10.1155/2022/6196803
https://www.ncbi.nlm.nih.gov/pubmed/36310818
https://doi.org/10.1155/2022/2555797
https://doi.org/10.1016/j.prosdent.2018.11.002
https://www.ncbi.nlm.nih.gov/pubmed/31027961
https://doi.org/10.1117/1.2204603
https://doi.org/10.1016/j.prosdent.2021.04.029
https://doi.org/10.1016/j.ajodo.2006.01.047
https://doi.org/10.3390/ma13051255

	1
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

