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ABSTRACT
Aim: The aim of this study was to compare the translucency
parameter (TP) of ultratranslucent multilayered (UTML) zirconia
according to thickness and layer level.
Materials and methods: Rectangles of UTML zirconia with four
layers [dentin layer (DEL), first transitional layer (FTL), second
transitional layer (STL), and enamel layer (ENL)] and four different thicknesses (0.4, 0.6, 0.8, and 1 mm) were milled from blanks.
Digital images were taken in a dark studio against white and black
backgrounds under simulated daylight illumination and international commission on illumination (CIE) Lab* color values recorded
using Photoshop Creative Cloud software. The TP was computed
and compared according to thickness and layer level using analysis
of variance (ANOVA) followed by Bonferroni post hoc analysis for
multiple comparisons. Significance was set at p < 0.05.
Results: In each thickness, TP values were similar between
any two layers. The significant effect of thickness on the TP was
observed only in the first two layers. In the DEL, translucency
was significantly greater at 0.4 mm than all other thicknesses. In
the FTL, differences were significant between 0.4 and 0.8 mm
and between 0.4 and 1 mm.
Conclusion: The investigated zirconia does not seem to show
gradational changes in relative translucency from dentin to
enamel levels regardless of the thickness used. Thickness
affected the TP only in the first two layers with better translucency at 0.4 mm.
Clinical significance: Since relative translucency does not
seem to be significantly different between layers, clinicians can
modify the apicocoronal positioning of the UTML layers within
the restoration according to the desired Chroma without any
implications on the clinically perceived translucency. While the
thickness of 0.4 mm may be suggested for anterior esthetic
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veneers because of its higher translucency, the other thicknesses of 0.6 to 1 mm can be used to mask colored abutments
in full contour restorations.
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INTRODUCTION
Partially stabilized yittrium tetragonal zirconia polycrystals (Y-TZP) have been used in fixed partial dentures as
a substitute to traditional metal-based and metal-free
materials for its superior toughness, strength, excellent
wear, and biocompatibility.1,2 The base material is white
and can be shaded by adding colorants of different types
and concentrations.3-5
The major drawback of zirconia is its relative opaque
appearance when compared with glass ceramics.6 This
poor optical property can be addressed by veneering
the opaque core with porcelain or making full contour
monolithic restorations with more translucent ZrO2
materials.7,8 Despite multiple improvements in the translucency of monolithic zirconia, it is still far from being
considered as an alternative to enamel or even dentin in
the esthetic zones.9
Two parameters are used to evaluate the translucency
and opacity of esthetic restorative materials: Absolute
translucency (T%) representing the percentage of total
light transmittance and relative translucency indicating
the masking ability.10-12 Absolute translucency is usually
assessed using radiometers or spectrophotometers that
measure the total light transmitted through a specimen
along with the scattered light. Intensity of transmitted and
scattered lights is compared with that of the light source
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generated from a split beam and expressed in percentages.13,14 Relative translucency is expressed as contrast
ratio or TP. Translucency parameter corresponds to the
visual perception of translucency expressed as a value
ranging from 0 to 100.15 Greater TP values correspond to
higher levels of translucency.16 Translucency parameter is
based on differential colorimetric assessment of materials
on white and black backgrounds and is generated according to the international CIE L*a*b* color scale.12,17 The
coordinate L* corresponds to lightness, while a* and b*
define hue. The coordinate a* represents greenness (−a*)
and redness (+a*), while b* corresponds to yellowness
(+b*) and blueness (−b*).18
In addition to the traditional radiometer and spectrophotometer, computer analysis of digital images represents a substitute for CIE L*a*b* color coordinates reading.
This method has been used in various investigations to
assess differences in color perception between teeth,19
shade guides,20,21 and observers.22,23 Moreover, image
analysis is applied in shade matching,24-26 communication
between dentists and laboratory technicians,27,28 diagnosis of gingival inflammation,29-31 oral lesions detection,32
and evaluation of bleaching results.33-37 A very high and
statistically significant correlation was found between
the spectrophotometer and digital imaging analysis for
all CIE L*a*b* color values.27,38
Translucency is material- and thickness-dependent 9,39,40 and vary according to the measuring
techniques.41 Values of zirconia TP reported with spectrophotometer are highly variable and range from 0.23
to 9.66 at 1.5 mm of thickness42 and from 15.1 to 5.5 for
thicknesses varying between 0.4 and 1 mm.43
Recently, multilayered monolithic Y-TZP zirconia
materials with gradational Chroma and gradational
translucency reproducing esthetic enamel and dentin
effects have been introduced. The UTML zirconia
material (KATANA™, Kuraray Noritake Dental Inc.,
Miyoshi, Japan) has been suggested to have 43% of light
transmittance capability and different levels of transmittance across layers. According to the type of restoration,
UTML is designed to have minimal thicknesses: 0.4 mm
for veneers, 0.8 mm for anterior crowns, and 1 mm for
full-coverage posterior single units and inlays/onlays.
Harada et al44 demonstrated that UTML has higher
transmittance (T%) when compared with other types of
zirconia commercialized by the same manufacturer (High
Translucent and Super Translucent; Katana). Ueda et al45
reported that this material showed different transmittance values of the different layers. Limited information
is currently available on the relative translucency of the
UTML material.
The objectives of the present study are to assess the TP
of the UTML according to thickness and layer level. The
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hypotheses tested in the study were that: (1) the layers
in UTML have different TP values at similar thicknesses
and (2) TP of the UTML material is affected by thickness.

MATERIALS AND METHODS
Multilayered and colored presintered zirconia blanks
(KATANA™, EA2, T18, UTML) with four layers from top
to bottom (35% for the body DEL, 15% for the FTL, 15%
for the STL, and 35% for ENL) were used. Sixteen digital
models of rectangles with four different thicknesses were
designed using Dental Wings Ivoclar software (Zino; CAD
4.3.2.2.23298 Powered by DWOS™) and milled using a
five-axis milling machine (Zenotec Select Wieland; IvoclarVivadent) (Fig. 1). The specimens were subsequently
sintered at 1550°C in a furnace (Programat S1, IvoclarVivadent) according to manufacturer’s recommendations. The linear shrinkage of 24.6% associated with the
sintering process was accounted for during design to yield
final thicknesses of 0.4, 0.6, 0.8, and 1 mm. Samples were
divided into four groups of four specimens each according to thickness: G1 (n = 4) with thickness of 0.4 mm; G2
(n = 4) with thickness of 0.6 mm; G3 (n = 4) with thickness
of 0.8 mm; and G4 (n = 4) with thickness of 1 mm.
Following sintering, all specimens were sandblasted
with 50 μm Al2O3 particles at 2.5 bar for 1 minute. The
postsintering rectangular samples were 14.76 mm in
height and 13.41 mm in width. Their thicknesses were
measured using an electronic digital caliper (Holex®,
Ivoclar-Vivadent) with an accuracy of 0.02 mm. Thickness
adjustments were applied where needed to obtain samples
of uniform thickness using abrasive trimmer (P.ZR 12/4,
5.220. HP-1, Frank Dental GmbH). Subsequently, surface
roughness and scratches were lightly polished with a
twin-speed ball-bearing polishing motor (Red Wing 26,
Handlers Co.) running at 1725 rpm and using grade (00)
wet pumice aluminum silica stone powder (Protechno)

Fig. 1: Schematic representation of digitally designed
Zirconia rectangles
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Table 1: Specifications of the equipment and settings
used in image capturing
Camera and lens
Body: Canon EOS 5D Mark III,
Nagasaki, Japan
Digital sensor: CMOS
(22.3 megapixels)
Processor: DIGIC 5+
Lens: Macro 105 mm
(Canon EF 1:2.8, USM)
Lighting equipment
specifications
Portable fixture: Kino Flo®, CA,
USA
Lamps: Bi-pin fluorescent Kino
Flo® F40T12/HO/80040W/KF55
Lumens: 1600
Color temperature: 55 K
Color Rendering Index: 95

Camera settings
Mode: Manual
Exposure time: 1/15 s
Aperture: f6.3
ISO speed: 100
White balance: 6500 K
Image format: raw
Image resolution: 5760 × 3840
Lighting conditions
Number of lamps: 4 (2 left and
2 right)
Distance to specimen: 20 cm
Angulation: 45°

coated on a soft horsehair laboratory brush (Suprema,
Polirapid). This was followed by fine polishing with a
muslin white rag wheel (Renfert® GmbH) and white
aluminum oxide-based polish compound (Dialux®).
The specimen was firmly positioned on a flat stand
in a darkened studio. All photographs were taken under
standardized shooting conditions and using simulated
daylight for image capturing (Table 1). The camera was
positioned 20 cm from the top of the samples along a
vertical line to simulate eye-level visualization (Fig. 2).
Two digital images were taken for each specimen, one
with a pure white background (L* = 93, a* = 0, and b* = 1)
and the second with a black background (L* = 2, a* = 0,
and b* = 0). All images were transferred to a computer for
analysis in Photoshop Creative Cloud software version
14.0 × 64 (Adobe Systems, Inc.). Images were opened in
the raw format and light shooting conditions at 6500°K
were verified. Images were then saved in JPEG format
and reopened using the grid in the view menu with vertical and horizontal metric rulers set in millimeter. Five

Fig. 2: Photographic setup in a darkened studio with specimen
positioned on white background and light sources placed on the
right and left sides of the stand

horizontal fictive lines were inserted along the specimen,
two through the upper and lower borders and three to
delimit the consecutive layers of the UTML according to
the above-mentioned percentages specified by the manufacturer (Fig. 3). Before recording, the tolerance setting
was adjusted to 1 pixel to force the tool to limit assessment
of color coordinates specifically to the one single selected
point.25 In each specimen, 18 points were selected within
the central areas in the DEL and ENL layers and 9 in the
intermediate layers FTL and STL. The transitional regions
between layers and the peripheral bordering rows and
columns (0.5–1.5 mm away from the borders of each layer)
were excluded from the study. The L*, a*, and b* values
of each point were recorded from the dialogue box with
(L*) representing lightness on a scale from 0 to 100. The
coordinate ranges were from −90 to 70 for a* and from
−80 to 100 for b*.
All L*, a*, and b* measurements were imported into an
Excel spreadsheet, and descriptive statistics with means
and standard deviations (SDs) were generated per layer
and per group of thickness separately for the white and
black backgrounds.
Using mean L*, a*, and b* values, the relative TP was
computed for each layer in all groups according to the
following formula:12
TP = [ΔL*2 + Δa*2 + Δb*2]1/2

where ΔL* = L*b − L*w, Δa* = a*b − a*w, and Δb* = b*b − b*w
and the subscripts “b” and “w” refer to black and white
backgrounds respectively.
Repeated measures ANOVA tests followed by
Bonferroni post hoc analyses for multiple comparisons
were used to assess differences in TP according to layers
and thicknesses. Homogeneity of variances was tested
for each set of comparisons, and when violated, Welch’s
robust ANOVA and Games-Howell post hoc tests were
applied instead. Statistical significance was set at 0.05.

Fig. 3: Fictive lines delimiting the consecutive layers of UTML
according to the percentages specified by the manufacturer
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The IBM® Statistical Package for the Social Sciences
version 20.0 statistical package was used to perform all
statistical analyses. The variable ΔTP which represents
the differences of instrumental TP values between layers
was computed and compared with the recognized visual
perceptibility threshold of differences in restorative
materials’ translucency (ΔTP = 2).46,47

RESULTS
Means and SDs of the variables L*, a*, and b* with black
and white backgrounds are listed in Table 2. Descriptive
statistics of ΔL*, Δa*, Δb*, and TP with their relative
correlations are reported in Table 3.
For all layers within each group of thickness, a strong
correlation was found between ΔL* and TP with r2

Table 2: Summary of means and SDs of the L*, a*, b* variables according to layer and group on black and white backgrounds

L*w

White background
Mean (SD)
a*w

b*w

L*b

Black background
Mean (SD)
a*b

b*b

DEL
88.68 (1.20)
88.47 (1.41)
86.94 (1.62)
84.19 (1.30)

0.74 (0.48)
1.25 (0.75)
1.89 (0.74)
3.14 (0.79)

10.25 (1.45)
12.74 (2.23)
14.83 (1.85)
19.29 (2.32)

72.00 (3.28)
74.33 (3.59)
74.06 (2.77)
73.28 (2.20)

−2.19 (0.83)
−1.42 (0.82)
−0.67 (0.89)
  0.11 (0.62)

5.94 (1.69)
9.38 (2.13)
11.37 (1.39)
13.40 (1.83)

88.36 (1.18)
88.28 (1.41)
87.03 (1.95)
85.25 (1.27)

0.94 (0.53)
1.11 (0.62)
1.64 (0.90)
2.72 (1.00)

9.86 (1.31)
11.61 (2.21)
13.47 (1.78)
16.22 (2.24)

72.78 (2.02)
75.03 (2.46)
76.19 (2.89)
74.86 (1.79)

−1.94 (0.72)
−1.25 (0.65)
−0.36 (0.83)
  0.33 (0.93)

6.67 (1.17)
8.33 (1.93)
10.17 (1.61)
12.03 (1.36)

89.22 (1.33)
88.25 (1.57)
87.61 (1.68)
85.61 (1.05)

0.72 (0.66)
0.94 (0.79)
1.39 (0.80)
2.61 (0.99)

7.97 (1.08)
10.31 (1.83)
11.17 (1.23)
14.19 (2.01)

74.33 (3.09)
75.81 (2.60)
75.83 (2.82)
75.11 (1.17)

−1.72 (0.88)
−1.06 (0.58)
−0.72 (0.78)
−0.06 (0.75)

4.94 (1.22)
7.11 (1.09)
8.94 (1.39)
10.64 (1.27)

89.75 (1.61)
89.07 (1.50)
88.43 (1.85)
86.32 (1.25)

0.71 (0.57)
0.50 (0.69)
0.68 (0.53)
1.26 (0.58)

5.13 (0.87)
6.31 (1.00)
7.42 (1.36)
9.26 (1.32)

74.85 (3.69)
75.81 (3.26)
76.54 (2.94)
74.17 (1.86)

−1.25 (0.73)
−1.12 (0.77)
−0.81 (0.66)
  0.82 (0.76)

2.43 (0.92)
4.14 (0.83)
4.74 (0.99)
6.52 (1.12)

FTL

STL

ENL

Table 3: Means and SDs of ΔL*, Δa*, Δb*, and TP according to layer and group. Correlation coefficients between
TP and the three parameters ΔL*, Δa*, and Δb* are reported
Layer
DEL
G1
G2
G3
G4
FTL
G1
G2
G3
G4
STL
G1
G2
G3
G4
ENL
G1
G2
G3
G4

1102

ΔL*

ΔL*, Δa*, Δb* Mean (SD)
Δa*

Δb*

TP mean (SD)

Correlation coefficient (r2)
ΔL*
Δa*
Δb*

16.68 (2.08)
14.14 (2.18)
12.88 (1.15)
10.91 (0.9)

2.93 (0.35)
2.67 (0.07)
2.56 (0.15)
3.03 (0.17)

4.31 (0.24)
3.36 (0.1)
3.46 (0.46)
5.89 (0.49)

17.50 (0.86)
14.81 (0.83)
13.69 (1.80)
12.92 (0.64)

0.96
0.96
0.90
0.70

0
0.13
0.04
0

0
0.06
0.04
0

15.58 (0.84)
13.25 (1.05)
10.84 (0.94)
10.39 (0.52)

2.88 (0.19)
2.36 (0.03)
2 (0.07)
2.39 (0.07)

3.19 (0.14)
3.28 (0.28)
3.3 (0.17)
4.19 (0.88)

16.18 (0.98)
13.88 (0.98)
11.78 (2.37)
11.62 (1.33)

0.98
0.92
0.84
0.86

0.04
0
0.02
0.16

0.11
0.12
0.25
0.33

14.89 (1.76)
12.44 (1.03)
11.78 (1.14)
10.5 (0.12)

2.44 (0.22)
2 (0.21)
2.11 (0.02)
2.67 (0.24)

3.03 (0.14)
3.2 (0.74)
2.13 (0.16)
3.55 (0.74)

15.39 (0.47)
13.10 (2.33)
12.30 (2.97)
11.46 (0.77)

0.98
0.94
0.96
0.86

0.13
0
0.10
0

0.16
0.21
0.13
0.13

14.9 (2.08)
13.26 (1.76)
11.89 (1.09)
12.15 (0.61)

1.96 (0.16)
1.62 (0.08)
1.62 (0.66)
0.44 (0.18)

2.7 (0.05)
2.17 (0.17)
2.68 (0.37)
2.74 (0.2)

15.28 (1.31)
13.49 (1.74)
12.32 (2.63)
12.65 (0.97)

0.98
0.98
0.98
0.94

0.09
0.01
0
0

0
0.15
0.16
0.05
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Table 4: ANOVA with post hoc Bonferroni analysis comparisons of TP between layers within each group
Groups
G1
G2
G3
G4

Repeated ANOVA test
F statistic
4.0882
0.793
2.005
7.374

p-value
0.044*
0.528
0.184
0.008*

DEL vs FTL
1.000
1.000
0.090
0.343

Pairwise comparisons test (Bonferroni) p-value
DEL vs STL DEL vs ENL FTL vs STL FTL vs ENL
0.146
0.084
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.093
1.000
1.000
0.783

STL vs ENL
1.000
1.000
1.000
0.459

*Statistically significant difference
Table 5: Comparison of TP between the four different groups for each layer
Layer
DEL
FTL
STL
ENL

Repeated ANOVA test
F statistic
12.692
7.864
3.044
2.231

  p-value
<0.001*
  0.004*
  0.070
  0.137

G1 vs G2
0.032*
0.325
0.726
1.000

Pairwise comparisons test (Bonferroni) p-value
G1 vs G3
G1 vs G4
G2 vs G3
G2 vs G4
0.003*
0.001*
1.000
0.211
0.009*
0.007*
0.454
0.352
0.262
0.085
1.000
1.000
0.216
0.349
1.000
1.000

G3 vs G4
1.000
1.000
1.000
1.000

*Statistically significant difference
Table 6: Means and SDs of ΔTP between layers in each group of thickness
Group
G1
G2
G3
G4

DEL–FTL
1.32 (0.17)
0.96 (0.18)
1.77 (0.20)
1.31 (0.21)

FTL–STL
0.68 (0.16)
0.80 (0.41)
0.38 (0.63)
0.21 (0.23)

ΔTP mean (SD)
STL–ENL
DEL–ENL
0.18 (0.16)
2.27 (0.17)
0.32 (0.43)
1.43 (0.22)
0.04 (0.57)
1.43 (0.36)
1.19 (0.17)
0.33 (0.13)

ranging from 0.7 to 0.98. Weak or no correlation was
demonstrated between TP and Δa* or Δb* (r2 ranging
from 0.00 to 0.25) (Table 3).
The TP values were similar across all four layers for
all groups of thicknesses (p > 0.05) with nonstatistically
significant difference between any two adjacent or nonadjacent layers (Table 4). While initial testing suggested that
TP differed significantly between at least two layers for
the thicknesses of 0.4 mm (p = 0.044) and 1 mm (p = 0.008),
the statistical adjustments inherent to post hoc multiple
comparisons resulted in subsequent loss of significance
(p ≥ 0.084). The comparisons closest to statistical significance were layer DEL vs ENL in the 0.4 mm thickness
group (p = 0.084) and layer DEL vs STL in the 1 mm thickness group (p = 0.093), favoring larger but statistically no
significant TP values for layer DEL in these comparisons.
When translucency was compared between groups,
TP generally decreased with increasing specimen thickness in comparable layers (Graph 1). There was a statistically significant effect of varying thickness on TP, but
only for DEL and FTL (Table 5). When assessing the layer
DEL, TP was significantly greater in G1 than all other
groups (p < 0.05). In the layer FTL, the differences were
statistically significant between G1 and G3 and between
G1 and G4. All other pairwise comparisons yielded nonsignificant differences (p ≥ 0.211).
Table 6 summarizes means and SDs of ΔTP between
adjacent and nonadjacent layers in each of the four groups.

DEL–STL
2.08 (0.12)
1.76 (0.39)
1.39 (0.53)
1.53 (0.14)

FTL–ENL
0.87 (0.20)
0.47 (0.24)
0.33 (0.49)
0.97 (0.23)

Graph 1: The trend of decreasing translucency parameter with
increasing thickness for all layers

When ∆TP were evaluated according to a threshold ∆TP
of 2, mean values >2 were found only in G1 between ENL
and DEL and between STL and DEL.

DISCUSSION
The first hypothesis stating that layers in each thickness
of the UTML material would have different TP values
was rejected. The second hypothesis that increasing thicknesses would affect TP was partially accepted.
While Ueda et al45 demonstrated that absolute translucency was significantly different between layers of

The Journal of Contemporary Dental Practice, December 2017;18(12):1099-1106

1103

Loubna Shamseddine, Zeina Majzoub

UTML, the present study demonstrated that relative
translucency values (TPs) were similar across all four
layers for all the different thicknesses assessed with no
statistically significant difference between any two layers
(p > 0.01). These discrepancies can be attributed to differences in the assessed parameters. The lack of significant
difference of TP between layers was associated with ΔTP
values inferior to the threshold of visual perceptibility
(ΔTP = 2).46,47 Only two ΔTP values between DEL and STL
(2.08) and DEL and ENL (2.27) were close to the threshold
value, but are not likely to be perceived by the human
eye. These results suggest that the four-layered UTML
material which should provide a more natural appearance of monolithic restorations may not demonstrate
visually perceived differences in relative translucency
between layers.
Ueda et al45 reported that L* increased from dentin to
ENL, while a* and b* values decreased across the same
layer sequence indicating that pigmentation causes a
decrease in lightness with a shift toward “red” and
“yellow.” In addition, pigmentation has been reported
to inversely affect translucency.48 It could be hypothesized that the absence of significant differences between
layers in the present investigation can be attributed to
lower lightness associated with higher chromaticity in
the first two layers, DEL and FTL, vs greater lightness
associated with less pigmentation in the last two layers,
STL and ENL.
Thickness has been confirmed as a major factor in the
translucency of a material. Light transmission has been
demonstrated to be inversely correlated with zirconia
thickness.9,40,43,49 Based on Lambert’s law, light transmission decreases exponentially with increasing thickness by
augmenting light absorption.50 Accordingly, TP values in
the present study were expected to significantly differ
between groups of thicknesses. The only significant
differences were found between 0.4 and 0.6 mm; 0.4
and 0.8 mm; and 0.4 and 1 mm for the first layer DEL.
For layer FTL, the effect of increasing thickness on TP
was observed between 0.6 and 0.8 mm and between 0.6
and 1 mm. Therefore, it seems that increasing thickness
beyond 0.6 mm does not result in further decrease of
translucency. In addition, the effect of increasing thickness on TP reduction is limited to the first two layers.
This could be explained by the fact that layers DEL and
FTL have reduced lightness with low L* values,45 which
makes their translucency more likely to be affected by
varying thickness than other two layers with higher
lightness.43 Moreover, having a higher chromaticity, they
tend to be more affected by increasing thickness.48 It can
be suggested that the four-layered UTML at 0.4 or 0.6
mm thicknesses could be a suitable restorative material
for veneers.
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The high L*b mean values ranging from 72.00 ± 3.28
to 76.54 ± 2.94 on a 0 to 100 brightness scale suggest that
the UTML material reflects most of the incident light. In
addition, all ΔL* values varied between 10.39 ± 0.52 and
16.68 ± 2.08 indicating that this material exhibits at least
50% of light transmission.14 The reported spectrophoto
meter-based TP values for 1 mm thick human enamel and
dentin were 18.7 and 16.4 respectively.46 Mean TP values
of all layers in all four groups of thickness were lower
than those of enamel and dentin. Only UTML at 0.4 mm
thickness showed TP values (15.28 ± 1.31 to 17.50 ± 0.86)
in the range of translucency of human enamel (15–19) for
all layers.46 Manufacturers’ claims that translucency of the
UTML material approximates that of enamel should be
interpreted with caution since it is only applicable to TP
values limited to the 0.4 mm thickness. While this thickness might be esthetically suitable for anterior veneers,
the mechanical properties associated with such reduced
thickness should be further investigated before large-scale
clinical application.
To the best of our knowledge, the application of
digital image analysis with the CIE L*a*b* coordinates
system to evaluate translucency has not been previously
documented. This method has been used to assess ΔE
with established accuracy.20,21,24,33,37 While ΔE which
corresponds to differences in color perception with specimens positioned on the same background is computed
according to the formula:
ΔE = [ΔL*2 + Δa*2 + Δb*2]1/2

where ΔL* = L*1 − L*2, Δa* = a*1 − a*2, and Δb* = b*1 − b*2.
To evaluate the relative translucency of a material, TP
uses the same formula with two different backgrounds
(black and white). The color coordinates L*, a*, and b*
taken separately and assessed by computer-based image
analysis can yield values lower than those reported with
other objective methods such as dental spectrophotometer
or spectroradiometer.41 However, when L*, a*, and b*
are integrated within the formula used to compute ∆E,
method-related differences were in a range of clinical
acceptability.51 Since TP uses the same formula as ∆E,
it is likely that TP values obtained with digital image
analysis would be similar to those measured with clinical
spectrophotometer.38
The experimental setup used in the present investigation applied what is generally accepted as ideal lighting
conditions and image capturing settings,52 thus optimizing color coordinates reading. In this study, the use of
Photoshop Creative Cloud version 14.0 × 16 in which L*
values are given on a scale from 0 to 100 eliminates the
need to use conversion software for rescaling.27 In addition, software analyses were performed to validate the

JCDP
Relative Translucency of a Multilayered Ultratranslucent Zirconia Material

results and minimize errors induced by the user. One
limitation of this study is the use of CIE LAB (∆E*ab) that
was more recently replaced by CIE DE2000 (∆E00) color
difference formula. This newly introduced formula could
have provided a higher degree of fit for both color difference perceptibility and acceptability.53,54

CONCLUSION
Within the limitations of the study, the following conclusions can be drawn:
• Layer level in each thickness was not a significant
determinant of UTML translucency.
• Thickness had effect on TP only for the first two layers
from the top with greater values at 0.4 mm than all
other thicknesses.

Clinical Significance
Since relative translucency does not seem to be significantly different between layers, clinicians can modify
the apical-coronal positioning of the UTML layers
within the restoration according to the desired Chroma
without any implications on the clinically perceived
translucency. While the thickness of 0.4 mm may be
suggested for anterior esthetic veneers because of its
higher translucency, the other thicknesses of 0.6 to 1 mm
can be used to mask colored abutments in full contour
restorations.
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