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Abstract

Objective: The aim of this in vitro study is to evaluate the masking ability of polymer-
infiltrated ceramic-network materials (PICN) with different translucencies and thick-
nesses on multiple types of substrates.

Materials and Methods: Ceramic samples were prepared of VITA ENAMIC blocks in
two different translucencies (2M2-T, 2M2-HT) in a thickness range of 0.5-2.5 mm
(£0.05 mm). Layered specimens were obtained using composite substrates in nine
shades and transparent try-in paste. Spectral reflectance of specimens was measured
using a Konica Minolta CM-3720d spectrophotometer and D65 standard illumina-
tion. CIEDE2000 color difference (AEqo) between two samples was evaluated using
50%:50% perceptibility and acceptability thresholds. Specular component of the
reflection was examined with Specular Component Excluded (SCE) and Included (SCI)
settings. Statistical evaluation was performed by linear regression analysis, Kruskal-
Wallis test, and multiplicative effect analysis.

Results: An increase in thickness of 0.5 mm reduces AEqg of HT samples to 73.5%, of
T samples to 60.5% (p < 0.0001). Five substrates with HT specimens, and three sub-
strates with T specimens had significantly different results from average (p < 0.05).
There is a significant difference between SCE and SCI data depending on the wave-
length (p < 0.0001).

Conclusions: Masking ability of PICN materials is influenced by the thickness and
translucency of the ceramic, and by the substrate. Reflection of the examined PICN
material is characterized by both diffuse and specular reflection.

Clinical Significance: Although PICN materials have been available on the market for
10 years now, there is a lack of information regarding their masking ability. Acquiring
in-depth data and thereby practical experience of the factors affecting the esthetics

of PICN materials is essential for creating perfectly lifelike restorations.
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1 | INTRODUCTION

Esthetic dentistry has undergone enormous development in recent
decades thanks to digital technology and modern materials.>® The
goal of digital dentistry has been clear from the beginning: to achieve
planable, reproducible quality through a process consisting of the few-
est possible steps.* The widespread use of intraoral and laboratory
scanners and the rise of CAD/CAM technology define today's
dentistry,> and its success has resulted in the continuous develop-
ment of available materials.” Until the appearance of hybrid ceramics,
metal-free materials that could be processed by milling and were suit-
able for making permanent dental restorations could basically be clas-
sified into two groups: ceramics and composites.2 The main goal of
developing hybrid ceramics was to create a material that combines
the beneficial properties of ceramic and composite materials and is
similar in mechanical and optical characteristics to natural tooth tis-
sues. The two main groups of hybrid ceramics are resin nanoceramics
(RNC) and polymer-infiltrated ceramic-network materials (PICN). VITA
ENAMIC (VITA Zahnfabrik, Bad Sackingen, Germany) is the only PICN
on the market since its release in 2013.7 Its structure consists of a sin-
tered, porous ceramic matrix (86% in weight) and an infiltrated poly-
mer matrix (14% in weight), which is polymerized at high temperature
and high pressure during its production.’® A big advantage is that the
material does not require burning or sintering after milling, so it can
be an ideal choice for chair-side dentistry. According to the manufac-
turer the indications of PICN are single tooth restorations: anterior
and posterior crowns (implant-supported as well), inlays, onlays, par-
tial crowns, table tops, veneers.'! Several studies concluded that
properties of PICN materials are close to those of dentin and
enamel, 8127 it causes less abrasion on antagonistic teeth surfaces
than other dental ceramic materials,*® but its hardness is greater than
that of composites, therefore it is more wear-resistant.”*%%¢

In the case of metal-free restorations, in addition to the mechanical
properties, the similarity to natural tooth tissues and the esthetic, pre-
dictable result are the decisive factors. Requirements and expectations
of both patients and dentists are constantly increasing the focus of
researchers to examine the optical properties of the ceramic materials
used.’ In the case of materials with translucent properties, the appear-
ance of the restoration is not determined solely by its material, but by
everything that is located behind or under it. In the case of all-ceramic
systems, several studies have examined factors affecting the esthetics of
the final restoration, such as the color of the abutment, the thickness
and translucency of the ceramic, and the color and layer thickness of the
luting cement.?®%° During the examination of lithium-disilicate glass
ceramics, it was found that the color of the abutment, the thickness of
the ceramic and the color of the cement significantly influence the color
of the restoration.'®?° Regarding the final appearance of monolithic zir-

conia restorations, studies emphasize the effect of abutment color,

ceramic thickness, and their combined effect.'??22® A research that
compared the masking ability of monolithic zirconias and zirconia-
reinforced lithium-silicate glass ceramics with different layer thicknesses
confirmed the influence of layer thickness and abutment color in addition
to the better masking ability of monolithic zirconias.?* Although PICN
hybrid ceramics have been available on the market for 10 years, there is
a lack of information regarding their masking ability.¢~3*

Color perception is greatly influenced by the surface of the
ceramic, its reflective properties, beyond the aforementioned parame-
ters. Light reflection can be specular, diffuse, or a mixture of these in
different proportions.®2 Since spectrophotometers determine the
color of an object by illuminating it with its own light source and then
measuring the reflection, the correct measurement setting is crucial
during the procedure. Laboratory spectrophotometers with integrat-
ing spheres are suitable for high-precision examination of various den-
tal materials because, depending on the setting, they can include or
exclude the specular component of the reflection.

The aim of this in vitro study is to evaluate the masking ability of
PICN hybrid ceramics with different translucencies and layer thick-
nesses on multiple types of substrate materials.

The following hypotheses were tested in the study:

PICN reflects light only diffusely, without specular component.
Masking ability of PICN is not influenced by its layer thickness.
Masking ability of PICN is not influenced by the substrate.

H LR

Masking ability of PICN is not influenced by its translucency.

2 | MATERIALS AND METHODS

2.1 | Specimen preparation

Hybrid ceramic specimens were prepared of PICN material in 2M2
shade and two different translucencies (translucent ‘T' and high trans-
lucent ‘HT') (VITA ENAMIC, VITA Zahnfabrik, Bad Sackingen,
Germany) for the in vitro examination. The rectangular ceramic speci-
mens were made of prefabricated blocks with side lengths of
12 mm x 14 mm in 0.5 mm; 1.0 mm; 1.5 mm; 2.0 mm and 2.5 mm
(£0.05 mm) layer thicknesses (n = 30). A diamond disc slicer (T-CG-04
01/2016, Tenzi, Hungary), a grinding machine (T-CG-05 04/2018,
Tenzi, Hungary) and SiC800 grinding powder were used to cut and
size the ceramic slices. Afterwards the specimens were polished with
0.5 um cerium oxide powder. Thickness of the ceramic slices was vali-
dated with a digital micrometer (Mitutoyo, Kawasaki, Japan).

In addition to the ceramic specimens, substrate materials were
also used to simulate the prepared abutment. Substrates were made
from a special light-curing composite (IPS Natural Die Material, Ivoclar
Vivadent, Vienna, Austria) in nine shades (ND1, ND2, ND3, ND4,
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FIGURE 1 Ceramic and substrate
materials used in the study. (A) PICN
block; (B) Translucent PICN specimens in
0.5, 1.0, 1.5, 2.0, and 2.5 mm thicknesses
(from left to right); (C) Light-curing
composite substrates in 9 shades
(ND1-ND9 from left to right).

FIGURE 2

ND5, ND6, ND7, ND8, and ND9). Using transparent silicone impres-
sion material (Exaclear, GC, Tokyo, Japan) for production a template
was made of a rectangular cuboid with side lengths of
20 mm x 20 mm x 8 mm. The silicone template was filled with com-
posite substrate material and polymerization was carried out using a
light polymerization unit (EyeVolution, Dreve ProDiMed, Unna,
Germany). The surface of the substrates was polished according to
the specifications of the manufacturer (Figure 1).

To fix the ceramic specimens on the substrates, transparent try-in
paste was used in a layer thickness of 100 um (Variolink Esthetic Try-
In Paste [Neutral], Ivoclar Vivadent, Vienna, Austria). In order to
ensure that the try-in paste layer thickness is standard a 100 um thick
steel spacer and an automatic pipette were used (Figure 2).

Each PICN sample was combined with all the substrates, so a

total of 90 types of layered specimens were examined.

2.2 | Spectrophotometric measurements

Spectrophotometric measurements were performed using a Konica
Minolta CM-3720d (Konica Minolta, Tokyo, Japan) spectrophotome-
ter in a wavelength range from 360 to 740 nm at 10 nm pitch, with
d/8 (diffuse illumination/8° viewing angle) measurement geometry.

Ceramic

* Cement space

* Steel spacer

* Substrate

Layered specimen consisting of a ceramic sample, try-in paste, and substrate.

N 2+ AC 2+ AH' 2+R AC' AH'
00 kr St kcSc kg Sy " koSo kuSu

FIGURE 3 CIEDE2000 formula.

The device has a 6-inch barium sulfate coated integrating sphere with
superior optical characteristics, and can measure the spectral reflec-
tance of the samples, from which it calculates the L*, a*, b* values
according to D65 standard illumination. Three measurements were per-
formed without replacement, and the results were averaged. Color dif-
ference (AEgg) between two samples was calculated using the
CIEDE2000 formula (valid since 2000)%® recommended by the Interna-
tional Commission on lllumination (Commission Internationale de
I'Eclairage, CIE),** as it had been proved to provide higher degree of fit
to visual perception than CIE76 (Figure 3).3° AL/, AC’, and AH' parame-
ters in the formula are differences in lightness, chroma, and hue values
of two samples, Ry is the hue rotation term applied to weighted hue
and chroma differences. S;, Sc, and Sy are weighting factors, parametric
factors ki, k¢, and ky are correction terms for variation in experimental
conditions.®* PTsoss50% = 0.8 (50%:50% perceptibility threshold) and
ATs00.50% = 1.8 (50:50% acceptability threshold) AEy, values were

applied to evaluate color difference results.>¢%”
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FIGURE 4 Schematic figure of the
(SCE) spectrophotometer's integrating sphere
with specular component included (SCI)
and specular component excluded (SCE)
settings.

Specimen

Reflectance spectra of PICN with SCI and SCE settings
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FIGURE 5
component included (SCI) settings of the spectrophotometer.

1. The integrating sphere has two ports: the viewing port and the
specular port (Figure 4). Detectors measuring reflected light are located
behind the viewing port, while the specular port can be opened or closed
depending on the setting. In open setting (Specular Component Excluded,
SCE) the light is not reflected onto the surface of the sample from the
area of the sphere corresponding to the port, but leaves the integrating
sphere, therefore the component of the reflection that would be specu-
larly reflected from the sample does not even reach it, and is excluded
from the measurement. So, if our sample was a mirror the reflection of
which is 100% specular, the spectrophotometer would measure the
object's color as black. If we use the closed setting of the specular port
(Specular Component Included, SCI), the specular component of the
reflection would be reflected from the inner surface of the sphere and
would reach the sample, making it detectable to the spectrophotometer.
With SCI setting, the real color data of the sample can be measured
regardless of the surface properties. To examine the specular component
of the reflection, spectral reflectance of the 2.5 mm thick T ceramic speci-
men was measured using SCI and SCE settings of the spectrophotometer.

To evaluate the difference between the two settings, obtained

Reflectance spectra of translucent PICN sample of 2.5 mm thickness with specular component excluded (SCE) and specular

reflectance spectra were compared with each other, and statistical evalu-
ation was performed by linear regression analysis (p < 0.05).

2., 3., 4. The effect of translucency, layer thickness and substrate
on the masking ability of PICN were examined using layered specimens.
To demonstrate the masking ability, color differences (AEqq) were calcu-
lated between individual layered samples and specific reference sam-
ples. The results of layered specimens containing T ceramic were
compared with the results of the T ceramic block (as a target color), and
the results of layered specimens containing HT ceramic were compared
with the results of the HT ceramic block. The analysis of the distribution
of AEqy values was performed using the Kruskal-Wallis test, and the
effect of layer thickness and substrate on the masking ability was ana-
lyzed using multiplicative effect analysis (p < 0.05).

3 | RESULTS

1. Regarding the specular component of the reflection of PICN, SCE
data were respectively below SCI values (Figures 5, 6). In the case
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Connection between measurements with SCI and SCE settings

[%]

Reflectance of VE.T_2.5_SCE

T T T T T
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Reflectance of VE.T_2.5_SCI [%]

‘ ® observations line of equivalence ‘

FIGURE 6 Relationship of reflectance measurements of the PICN
sample with specular component excluded (SCE) and specular
component included (SCI) settings.

Color differences of HT layered specimens
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FIGURE 8 Dependence of AEgg values of HT layered specimens
on the ceramic thickness. Reference sample: HT block. The median of
each group is indicated by a red cross. PT5gs.504 = 0.8 and
ATs0%.50% = 1.8 are marked on the diagram.

of a match, the blue data points (‘observations’) would fit on the
red line of equivalence. At the same time, in the case of random
fluctuation, they would be randomly located above or below
it. The dependence of SCE-SCI differences on the wavelength was
examined. A U-shaped relationship was found that can be modeled
with linear regression; the shape fits the observation points very
closely (Figure 7). There is a systematic difference between SCE
and SCI data depending on the wavelength and the SCI value
(p < 0.0001). The red area matches the 95% confidence interval of
the modeled correlation.

2. The dependence of AEgo values of T and HT layered specimens on
the ceramic thickness was evaluated (Figures 8, 9). Beside every layer
thickness there is a group of nine observations corresponding to the
measurements with the nine substrates. The median of each group is
indicated by a red cross. Horizontal lines on the diagrams show the
perceptibility (PTso0:500 = 0.8) and acceptability (ATsoe.509 = 1.8)
thresholds. Results of the multiplicative effect modeling are shown in

Difference between measurements with SCI and SCE settings
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FIGURE 7 Modeled U-shaped relationship of difference between

measurements with specular component excluded (SCE) and specular
component included (SCI) settings and wavelength obtained by linear
regression analysis.

Color differences of T layered specimens
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FIGURE 9 Dependence of AEy, values of T layered specimens on

the ceramic thickness. Reference sample: T block. The median of each
group is indicated by a red cross. PTsg9.50% = 0.8 and
ATs0%:50% = 1.8 are marked on the diagram.

Figures 10, 11. The nine panels detail the results for the nine
substrates. Effect analysis revealed that in the examined range
of 0.5-2.5 mm thickness, color difference changes according to
a constant multiplier as the thickness increases. In the case of
HT specimens, by increasing the thickness by 0.5 mm (if other
factors that is, the substrate material, do not change), AEqq
decreases to 0.735 times the initial value, in other words, to
73.5% of it, according to the estimate of the model. This rela-
tionship exists for all the samples the layer thicknesses of which
differ by 0.5 mm. This effect is highly significant (p < 0.0001),
and its 95% confidence interval ranges from 0.682 to 0.791. By
increasing the thickness difference, its effect becomes stronger,
for example, an increase of 1.5 mm thickness reduces the AEgg
value by 0.735% times. In the case of T specimens, an increase
in thickness of 0.5 mm reduces the AEyy value to 60.5%,
p < 0.0001, its 95% confidence interval ranges from 0.553
to 0.661.
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FIGURE 10 Modeled multiplicative effect of ceramic thickness on AEqg values of HT layered specimens. Each panel corresponds to the
measurements of the indicated substrate.

Multiplicative effect of T ceramic thickness on color differences
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FIGURE 11 Modeled multiplicative effect of ceramic thickness on AEqg values of T layered specimens. Each panel corresponds to the
measurements of the indicated substrate.

3. The dependence of AEqyg values of T and HT layered specimens on the measurements with the five different ceramic thicknesses. The
the substrate material was evaluated (Figures 12, 13). Beside every median of each group is indicated by a red cross. Horizontal lines
substrate there is a group of five observations corresponding to on the diagrams show the perceptibility (PTsg9.50% = 0.8) and
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FIGURE 12 Dependence of AEy values of HT layered specimens FIGURE 13 Dependence of AEyg values of T layered specimens

on the substrate. Reference sample: HT block. The median of each
group is indicated by a red cross. PTsgy.509s = 0.8 and
ATs0%:50% = 1.8 are marked on the diagram.

acceptability (ATs50%.509% = 1.8) thresholds. Results of the multipli-
cative effect analysis are shown in Figures 14, 15. The five panels
detail the results for the five ceramic thicknesses. The effect of the
substrate can be modeled with a constant multiplier as a character-
istic of the material, which estimates the relationship between the
average AEgp measured in the given ceramic thickness group and
AEqg values of the layered specimens. The average color difference
within the panels (green line) varies depending on the ceramic
thickness. The effect can be modeled, is independent of the layer
thickness, and is constant. In the diagrams, the positive or negative
deviation from the mean value is significant (p < 0.05), if the mod-
eled confidence intervals marked in red do not intersect the green
line representing the mean value.

The effect of translucency was evaluated by comparing the results
of T and HT materials. During the analysis of the effect of ceramic
thickness it was found that with an increase in thickness of
0.5 mm the color difference from the reference sample decreases
to 73.5% in the case of HT ceramic, and to 60.5% in the case of
T ceramic. In Figures 14, 15 illustrating the effect of the substrate
material group averages of results measured with ceramic thick-
nesses of 0.5 mm and 1.0 mm exceed ATsgy.50% for both translu-
cencies, but at a thickness of 1.5 mm T ceramic already falls below
the acceptability threshold. Results of HT specimens with layer
thicknesses of 2.0 mm and 2.5 mm fall in the range of 0.8-1.8
AEqo, while T ceramic shows group averages below PTsgy.509 at
this thickness.

| DISCUSSION

Regarding the specular component of the reflection of the PICN
material, significant difference was found between the data mea-
sured with SCE and SCI settings, beyond the effect of random

on the substrate. Reference sample: T block. The median of each
group is indicated by a red cross. PTsg9.50% = 0.8 and
ATs0%.50% = 1.8 are marked on the diagram.

fluctuations. Thus, as specular reflection is a characteristic of the
PICN material, the first hypothesis was rejected. Previous studies
also agree on the glossy behavior of the surface of hybrid ceramics,
of which resin nanoceramics have outstanding results, but PICN is

also characterized by this property.3238

. The effect of the increase in layer thickness can already be seen in

the diagrams of descriptive analysis of the results: group medians
gradually decrease with the increase in thickness. Multiplicative
effect analysis precisely showed that as the layer thickness of the
ceramic increases, the color difference compared to the reference
sample changes (decreases) according to a constant multiplier that
is, the masking ability of the material increases. As this effect is
highly significant (p < 0.0001) for both HT and T ceramics, the sec-
ond hypothesis was also rejected. Previous studies do not provide
such a numeric model of the effect of ceramic thickness on mask-
ing ability, but they clearly prove the phenomenon, and our results
correlate with these findings.2¢%7° Ruiz-Lépez et al., during the
examination of high translucent multi-color PICN materials, found
that the lightness and chroma of the samples increases with thick-
ening, but it does not show such a clear correlation with hue.?”
Alfouzan et al. examined the masking ability of hybrid ceramics,
and a correlation was found between layer thickness and masking
ability independent of ceramic type and background.?¢ Pop-Ciutrila
et al. investigated the translucency of leucite-reinforced glass
ceramics, feldspar ceramics, zirconia-reinforced lithium-silicate
glass ceramics and PICN ceramics with different layer thicknesses.
For all materials tested, it was found that an increase in ceramic
thickness causes a decrease in translucency that is, an increase in
the masking ability of the material.>°

. As aresult of the multiplicative effect analysis, it can be stated that

the results of the layered specimens differ to group averages.
Regarding the modeled confidence intervals, in the case of HT
ceramics, substrate ND1, ND2, ND4, and ND5 are average, ND6
and ND9 are significantly worse than average, and ND3, ND7, and
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Multiplicative effect of substrates on color differences of HT layered specimens
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FIGURE 14 Modeled multiplicative effect of the substrate on AEqg values of HT layered specimens. Each panel corresponds to the
measurements of the indicated ceramic thickness. Group averages are indicated by green lines.
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FIGURE 15 Modeled multiplicative effect of the substrate on AEqg values of T layered specimens. Each panel corresponds to the

measurements of the indicated ceramic thickness. Group averages are indicated by green lines.

NDS8 are significantly better. In the case of T ceramics, ND1, ND2,
ND3, ND5, ND7, and ND8 are average, ND9 is significantly worse
than average, and ND4 and NDé are significantly better. There-
fore, as the masking ability of the PICN material depends on the
substrate material, the third hypothesis was rejected. The effect of

substrate or background color is also discussed in previous studies,

albeit with a smaller number of substrate samples.2¢?® Masking
ability of hybrid ceramics was evaluated on substrates made of
amalgam, titanium, and composite filling material—simulating
enamel and dentin—by Afouzan et al. In contrast to the present
study, it was found that although the substrate material affected

the color appearance of the samples, these values were not
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statistically significant.2® Porojan et al. used three substrates made
of composite to examine hybrid ceramics. Based on the results
obtained, it was found that the color of the substrate significantly
affects the masking ability of the ceramic.2®

4. The effect of translucency on masking ability is manifested both
in the different multipliers of the multiplicative effect and in the
different group AEq averages. With T ceramics in a thickness of
2.0 mm, a result, significantly below the acceptability threshold,
can be achieved with any substrate material except ND9, while
in the case of HT ceramics, this cannot be stated with such cer-
tainty even with a thickness of 2.5 mm. Based on the aforemen-
tioned results, as translucency definitely has an effect on the
masking ability of the ceramic, the fourth hypothesis was also
rejected. To the best of our knowledge, previous studies on the
masking ability of hybrid ceramics examined the materials only in
one translucency, with the exception of one publication in
2021.%° Pop-Ciutrila et al. examined PICN materials in two trans-
lucencies (T and HT), similar to the present research. They found
that the masking ability of hybrid ceramics of the same shade and
thickness, but of different translucency, is significantly different
from one another, therefore the results correlate with the pre-

sent study.*°

Overall, the results of this study are in accordance with previous
research results discussing PICN materials. Although the literature
abounds with results regarding the factors affecting the masking abil-
ity of the most commonly used dental ceramics, there is a lack of
information about the optical properties of hybrid ceramics, even
though they are used in increasing numbers nowadays and, according
to professional opinions, have a great future. The purpose of this
study is to show that problems that arise during every day esthetic
dental care (e.g., discolored abutments, issues of material and translu-
cency choice) can become overcomeable challenges with the right
knowledge.

It is important to emphasize that the results come from an in vitro
research which need to be taken with caution outside of the experi-
mental environment. Although the method used is adequate for exam-
ining factors influencing the optical properties of PICN materials, the
perfect simulation of in vivo conditions (convex and wet surfaces, nat-

ural tooth tissues, etc.) is yet unsolved.

5 | CONCLUSIONS

Within the limitations of this current study, the following conclusions

were established:

1. Reflection of the examined polymer-infiltrated ceramic-network
material is characterized by both diffuse and specular reflection.

2. Masking ability of the examined polymer-infiltrated ceramic-net-
work material increases exponentially with the increase of layer
thickness, according to a constant multiplier, as a characteristic of

the material.

3. By examining nine substrate materials, it was found that in the
case of translucent polymer-infiltrated ceramic-network material,
three, in the case of high translucent material, five substrates sig-
nificantly influenced the masking ability of the polymer-infiltrated
ceramic-network material.

4. Masking ability of high translucent and translucent polymer-

infiltrated ceramic-network materials is significantly different.
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