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ABSTRACT

Objectives: The purpose of this study was to investigate the effect of material and
thickness on the translucency parameters (TP) and opalescence parameters (OP) for
resin matrix ceramic blocks.

Materials and Methods: 90 disc-shaped specimens (8 mm diameter and A2 shade,
High Translucency) were fabricated from Vita Enamic, Lava Ultimate and GC
Cerasmart resin-matrix ceramic blocks and prepared to thicknesses of 0.5 mm, 1 mm
and 1.5 mm (n=10). A dental spectrophotometer (VITA Easyshade Advance) was
used to calculate the TP and OP. All specimens were placed on white and black
backgrounds. The color measurements were repeated three times for each of the
specimens and the mean values of L, a and b were calculated. Data were analyzed by
a two-way analysis of variance (ANOVA) and Tukey’s test.

Results: For the 0.5 mm thickness groups, GC Cerasmart had the highest and Vita
Enamic had the lowest TP values. For the 1 mm thickness groups, GC Cerasmart had
the highest TP, whereas Vita Enamic had the lowest TP. For the 1.5 mm thickness
groups, Lava Ultimate had the highest TP, whereas Vita Enamic had the lowest TP.
For the 0.5 mm thickness groups, Vita Enamic, and GC Cerasmart had the highest and
lowest OP, respectively. The OP values in the 1 mm thickness group of Vita Enamic
groups were higher than the GC Cerasmart and Lava Ultimate groups. The OP values
in the 1.5 mm thickness group Lava Ultimate group were higher than the GC
Cerasmart and Vita Enamic groups. In all groups, the OP values showed an increase
in parallel with the increase in thicknesses, in contrast, the TP values showed a
decrease.

Conclusions: Type and thickness of the resin matrix ceramics affect the optical
properties of the materials.
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Optical Properties of Resin Matrix Ceramics

INTRODUCTION

The goal of restorative and prosthetic dentistry is
to restore the lost tooth structure using aesthetic
materials that mimic the physical and structural
properties of natural teeth.! While ceramic and
composite materials have been used in
restorations for many years, both materials have
several disadvantages. In order to eliminate these
disadvantages, more studies have investigated the
production of materials with  improved
properties.>

While ceramics have advantages, such as
high bending strength, biocompatibility, and color
stability, they also have disadvantages, such as
abrasion of the antagonist teeth and the
consequent loss of tooth structure. These negative
properties of ceramics are better for resins, but the
material wear is higher.> Nowadays, new materials
known as resin matrix ceramics (RMC) have been
developed that combine the positive properties of
ceramics and composites.*

Novel ceramic reinforced polymers, a
combination of the ceramic and polymer phases,
have been developed with innovative processes.®
For this purpose, a new polymer infiltrated
ceramic network (PICN) material has been
developed that mimics the structure of natural
teeth and improves their physical properties.t This
material (Vita Enamic, Vita Zahnfabrik, Bad
Sackingen, Germany) consists of a double
network system comprised of a feldspathic
ceramic network (86% by weight/75% by volume)
and a polymer network (14% by volume/25% by
weight).” Another resin matrix ceramic, Lava
Ultimate, which is a resin nanoceramic, consists
of nano-ceramic particles in the resin matrix of
80% by weight. High nanoceramics consist of a
combination of discrete silica nanoparticles (20
nm in diameter), zirconia nanoparticles (4 nm to
11 nm in diameter), and zirconia-silica
nanoclusters.* GC Cerasmart, one type of
nanoceramic RCM, is a high-intensity material
containing 71% filler particles by weight.® Lava
Ultimate, Vita Enamic, and GC Cerasmart
materials have indications for use in inlay, onlay,
and veneer restorations.®
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The appearance of materials is evaluated by
the amount of light that they transmit or reflect.
The translucency of the material is one of the
most important factors in providing aesthetics,
and it is an important factor in the choice of the
material used in the restoration.® Translucency is
the state between transparency and opacity that
allows for the transition of light through the
material.** Increased light transmission through
the material demonstrates that the material is more
translucent.'? In dentistry, the translucency of the
materials is usually determined by the
translucency parameter (TP), which is the
measurement of color differences on the black and
white background of the sample. A high TP value
indicates that the materials have high
translucency.®®

Another important optical characteristic of
ceramic materials is opalescence, which refers to
the scattering of shorter wavelengths of visible
light. This feature provides a bluish appearance
when the color is reflected, and an orange/brown
appearance when the color is transmitted.**

RMC blocks are novel materials; thus, very
few previous studies have investigated their
translucency. This study aimed is to examine the
translucency and opalescence values of different
RMC materials at different thicknesses. The first
null hypothesis of this study is that there is no
difference between the translucencies of different
RMC materials at different thicknesses. The
second null hypothesis is that there is no
difference between the opalescence properties of
different RMC materials at different thicknesses.

MATERIALS AND METHODS

Preparation of the specimens

The three different RCM blocks (12x14x18 mm),
Vita Enamic (Vita Zahnfabrik, Bad Sickingen,
Germany), Lava Ultimate (3M ESPE, St. Paul,
MN, USA), and GC Cerasmart (GC Dental
Products Corp., Aichi, Japan), used in the present
study are shown in Table 1. The A2 color and
high translucency (HT) of these blocks were
investigated.
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Table 1. Material, material type, composition, manufacturer and shade of all tested materials in the study

Shade

Material Material type Composition Manufacturer
Polimer Polymer-infiltrated-feldspathic-ceramic-network . .
Vita Enamic  infiltrated material (UDMA, TEGDMA) with 86 wt% ceramic \S/;';iinzj:ngeg?nﬁn Bad HT 2M2
resin ceramic (SiO2, Al203, Na20, K20, and other oxides) gen, y
Composite resin material (Bis-MEPP, UDMA, GC  Dental Products
GC Cerasmart Nanoceramic DMA) with 71 wt% silica and barium glass . HT 2M2
. Corp., Aichi, Japan
nanoparticles
Composite resin material (Bis-GMA, UDMA, Bis-
Lava Ultimate Resin nanoceramic EMA, TEGDMA) with 80 wt% silica and barium M ESPE, StPaul, MN, HT 2M2

glass nanoparticles and zirconia/silica nanoclusters

USA

First, the RMC blocks were milled in the
computer-aided manufacturing (CAM) unit
(Yenamak D50, Yenadent Ltd, Istanbul, Turkey)
and 8 mm diameter cylinder blocks were obtained.
The RMC blocks were cut into circular slices of
0.5 mm, 1 mm, and 1.5 mm thickness using a
diamond saw (Diamond cut-off wheels type LM+
@ 100 mm, Presi SA, Angonnes, France) and a
precision cutting machine (Mecatom T180; Presi
SA, Angonnes, France) at a speed of 290 rpm
under constant water cooling. All the specimens
were polished using 600, 800, and 1200 grit
silicon carbide paper (Atlas Zimpara, Istanbul,
Turkey). Then, the prepared specimens were
ultrasonically cleaned for 10 minutes in the
ultrasonic cleaner (Skymen Heatable Ultrasonic
Cleaner JP-4820, Shenzhen, China). In all, 90
circular samples (8 mm diameter) with three
different thicknesses (0.5 mm, 1.0 mm, and 1.5
mm) were prepared for each of the RMC blocks
(n=10). All the specimens were carefully
evaluated using a digital micrometer (Mitutoyo
Corporation, Kanagawa, Japan) to ensure that the
0.5 mm, 1 mm, and 1.5 mm thicknesses of each
sample were even.

Evaluation of the translucency and opalescence
parameters

The color values of all the samples were
registered based on the  Commission
Internationale de I’Elcairage (CIE) L* a* b*
system. In this system, the L wvalue is the
lightness-darkness axis, the a value is the red-
green axis, and the b value is the yellow-blue
axis'>. In present study, the translucency and
opalescence values on a black background (L=
1.06, a= -1.3, b= 0.8) and a white background
(L=96.2, a= -0.7, b= 1.8) were measured relative
to the D65 standard illuminant using a digital

178

spectrophotometer (VITA Easyshade Advance,
Bad Sackingen, Germany).

Before each measurement, the digital
spectrophotometer was calibrated based on the
manufacturer’s instructions. To ensure
standardization, all measurements were made
from the center of the samples. Each sample was
measured three times, and the mean value was
recorded.

In the present study, TP was determined using the
following formula':
TP=/(Lg — Lw)? + (ag — aw)? + (bg — by)?

To calculate the opalescence parameter (OP),
the a and b parameter values on the black
background and white background were used, as
shown in the following formula'e:

OP =/(ag — aw)? + (bg — by)?
Materials with a high OP have a higher
opalescence.’

The color parameters in the black
background were indicated with a subscript B, and
the subscript W was used for the color parameters
in the white background.®

Statistical analysis

All of the statistical analyses were conducting
using SPSS software (SPSS Inc., Chicago, IL
USA). Levene's test was used to evaluate the
homogeneity of the variances. Data from the
optical properties were statistically compared
using two-way analysis of variance (ANOVA)
and the Tukey’s Honest Significant Difference
(HSD) post-hoc test. The analysis was performed
with a confidence level of 0.05.

RESULTS

TP values varied from 28.93 to 32.67 in the 0.5 mm
thickness group. GC Cerasmart specimens showed
higher TP values than Lava Ultimate specimens,
while Lava Ultimate specimens showed higher TP
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values than Vita Enamic specimens (Table 2).
Significant differences were observed between all
groups in 0.5 mm thickness (p<0.05).

In the 1.0 mm thickness group, TP values
varied between 20.14 to 24.40. GC Cerasmart had
the highest TP, whereas Vita Enamic had the
lowest TP. Although there was no significant
difference between Lava Ultimate and GC
Cerasmart (p>0.05); Lava Ultimate and GC
Cerasmart indicated significantly higher TP
values than Vita Enamic (p<0.05).

For the 1.5 mm thickness groups, Lava
Ultimate had the highest TP, whereas Vita Enamic

had the lowest TP. Although a significant
difference wasn’t observed between Lava
Ultimate and GC Cerasmart (p>0.05); Lava
Ultimate and GC  Cerasmart indicated

significantly higher translucency values than Vita
Enamic (p<0.05).

When different thicknesses of the same
material group were compared, a statistically
significant difference was observed between 0.5
mm, 1 mm, 1.5 mm groups of all material groups
(p<0.05).

The results of the mean translucency values
of the different RMC blocks in different thickness
are shown in Table 2 and Figure 1.

For the 0.5 mm thickness groups, Vita
Enamic, and GC Cerasmart had the highest and

lowest OP, respectively. Vita Enamic specimens
showed higher OP values than Lava Ultimate
specimens, while Lava Ultimate specimens
showed higher OP values than GC Cerasmart
specimens (Table 2). Between the all groups had
significantly different values (p<0.05).

The OP values in the 1 mm thickness group
of Vita Enamic groups were higher than the GC
Cerasmart and Lava Ultimate groups. Although
there was no significant difference between Lava
Ultimate and Vita Enamic (p>0.05); Lava
Ultimate and Vita Enamic showed significantly
higher opalescence values than GC Cerasmart
(p<0.05).

The OP values in the 1.5 mm thickness group
Lava Ultimate groups were higher than the GC
Cerasmart and Vita Enamic groups. Although there
was no significant difference between Vita Enamic
and GC Cerasmart(p>0.05); Lava Ultimate showed
significantly higher opalescence values than GC
Cerasmart and Vita Enamic (p <0.05).

The results of the mean opalescence values of
the different RMC blocks in different thickness
are shown in Table 2 and Fig. 2.

In all groups, the OP values showed an
increase in parallel with the increase in
thicknesses, in contrast, the TP values showed a
decrease.

Table 2. The mean translucency and opalescence values of the groups and their comparisons

TP oP
Material 0.5 mm 1mm 1.5mm 0.5 mm 1mm 1.5 mm
Lava Ultimate 31.27(£1.04)A2 23.73 (£0.73)"0 18.03 (£0.77)"°  4.93 (£0.25)"% 6.85 (£0.31)"° 8.35 (£0.27)"°
VitaEnamic 28.93 (£1.31)B2 20.14 (£0.48)Bb 14.82 (£0.52)8¢ 559 (£0.31)B2 7.03 (£0.17)"° 6.78 (£0.18)BP

GC Cerasmart  32.67 (£0.90)°? 24.40 (£0.96)°

17.87 (+0.98)A¢

3 (041  5.46(£0.23)8  6.54 (£0.15)5°

Superscripts with capital letters show the differences between material types and lower case letters show differences between thicknesses.

35004 material

— lava ullimate
~vita enamic
cerasmart

30,00

3
@
=
S
1

Estimated Marginal Means
B .
8
i

15,004

10,009

T
05mm

T T
1mm 15mm
thickness

Figure 1. Translucency values of the groups

Estimated Marginal Means

179

material
— lava ulimate
— via enamic:

cerasmant
8,00

5,007

2,007

T
05mm

T T
1mm 15mm
thickness
Figure 1. Translucency values of the groups



Optical Properties of Resin Matrix Ceramics

DISCUSSION

Two null hypotheses were rejected because there
were significant differences between the TP and
OP values of the various thicknesses of the tested
RMC blocks.

Novel hybrid dental materials, called RMC,
combine the clinically useful properties of
ceramics and composites.’® In the present study,
the optical properties of Vita Enamic, GC
Cerasmart, and Lava Ultimate RMC materials,
which are indicated for laminate veneer
restorations, were evaluated.

Vita Enamic, a polymer-infiltrated resin
ceramic, contains an 86% ceramic matrix and a
14% polymer network.'® The flexural strength of
Vita Enamic is 150-160 MPa, and the elastic
modulus and stiffness (hardness) of this material
are 30 GPa and 2.5 GPa, respectively.?’ The nano-
ceramic particles in the resin matrix constitute
80% of the weight of the Lava Ultimate material,
a resin nano-ceramic.” The flexural strength of
Lava Ultimate is 200 MPa, and the elastic
modulus has been reported as 29.8 GPa.?! For GC
Cerasmart, a nano-ceramic, 71% of its weight is
filler particles (silica and barium), and the resin
matrix consists of BiSMEPP, UDMA, and DMA.?
The flexural strength of GC Cerasmart is 238
MPa,? and the elastic modulus is 12.1 GPa.?

Previous studies®**2” have evaluated the effect
of thickness on the translucency of materials.
Wang et al.® researched the TP values of 2 mm-
thick specimens of glass ceramics and 1 mm-thick
specimens of zirconia ceramics, and they stated
that the translucency of all materials increased as
the thickness decreased. Barizon et al.?® examined
the effect of thickness on the translucency of
restorative materials and concluded that TP
increased as thickness decreased. Vichi et al.?
investigated the translucency properties of Cerec
CAD-CAM materials with thicknesses of 0.5 and
1.0 mm and found that there were decreases in
translucency due to increases in thickness.

The total refractive index and thickness of a
material are directly related to each other. Since
light transmission decreases due to increases in
thickness, the TP value of a material decreases. In
our study, as the thickness of the materials
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increased, the TP values decreased, and the OP
values increased.

In the present study, the mean TP values in
the 0.5 mm thickness group were evaluated as
28.93 for Vita Enamic, 31.27 for Lava Ultimate,
and 32.67 for GC Cerasmart. The GC Cerasmart
specimens showed higher TP values than the Lava
Ultimate specimens while the Lava Ultimate
specimens had higher TP values than the Vita
Enamic specimens. There were significantly
different values among all groups (p<0.05). The
TP values in the 1 mm thickness group of Vita
Enamic (20.14) were lower than the GC
Cerasmart (24.40) and Lava Ultimate (23.73)
groups. The TP values in the 1.5 mm thickness
groups both of GC Cerasmart (17.87) and Lava
Ultimate (18.03) were higher than in the Vita
Enamic (14.82) group. Lava Ultimate and GC
Cerasmart  showed significantly ~ higher
translucency values than Vita Enamic (p<0.05) in
the 1 mm and 1.5 mm thickness groups.

In the present study, for the 0.5 mm thickness
groups, Vita Enamic (5.59) and GC Cerasmart (3)
had the highest and lowest OP values,
respectively, and there were significantly different
values among all the groups (p<0.05). The OP
values in the 1 mm thickness group of Vita
Enamic (7.03) were higher than in the GC
Cerasmart (5.46) and Lava Ultimate (6.85)
groups. Although no significant difference was
observed between Lava Ultimate and Vita Enamic
(p>0.05), Lava Ultimate and Vita Enamic showed
significantly higher opalescence values than GC
Cerasmart (p<0.05). The OP values in the 1.5 mm
thickness group of Lava Ultimate (8.35) were
higher than in the GC Cerasmart (6.54) and Vita
Enamic (6.78) groups. Although no significant
difference was observed between Vita Enamic and
GC Cerasmart (p>0.05), Lava Ultimate showed
significantly higher opalescence values than GC
Cerasmart and Vita Enamic (p <0.05).

Awad et al.! examined the translucency
values of the 1 mm and 2 mm thick Vita Enamic
and Lava Ultimate materials and reported that
Lava Ultimate showed higher translucency values
than Vita Enamic. In this study, Lava Ultimate
showed values of 42.10 and 24.96 in the 1 mm
and 2 mm thickness groups (respectively) whereas
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Vita Enamic showed 23.92 and 11.28 values in
the 1 mm and 2 mm thickness groups,
respectively. In the study, it was reported that Vita
Enamic showed a lower TP value due to the high
content of Al,Os; additionally, the nano-filler
particles in this material are smaller than the
wavelength of visible light, which results in less
light scatter and higher translucency. This also
explains the high TP value of the Lava Ultimate
material containing nano-filler particles.

In a similar study using 0.5 mm-thick
samples, lower translucency values were obtained
for Vita Enamic (24.95), GC Cerasmart (31.16),
and Lava Ultimate (29.84).' There were
significantly different values among all the groups
at 0.5 mm thickness (p<0.05). In the same study,
lower translucency values were obtained
compared to our study in the 1 mm samples of
Vita Enamic (14.15), GC Cerasmart (18.64), and
Lava Ultimate (17.93). Although no significant
difference was observed between Lava Ultimate
and GC Cerasmart (p>0.05), Vita Enamic showed
significantly lower translucency values than GC
Cerasmart and Lava Ultimate in the 1 mm
thickness group (p <0.05).

Sarikaya et al.® examined the TP values of 1
mm-thick Vita Enamic and Lava Ultimate
samples. As a result of this research, the Vita
Enamic group’s TP value was 19.1 and the TP of
the Lava Ultimate group was 19.2; no significant
difference was observed between the Lava
Ultimate and Vita Enamic groups. The reason for
the differences in the statistical significance
between these other studies and the current study
may be related to the L*a*b* values of the
background used in  the translucency
measurements.

Pecho et al.?® compared the TP values of 0.5
mm-thick human and bovine dentin and zirconia
systems, and they reported that no statistically
significant difference was observed between the
dentin and zirconia groups. In a study by Yu et
al.,® human dentin indicated lower TP values and
higher CIE L*a*b* values than human enamel of
the same thickness, and the mean TP values of 1
mm-thick human enamel and human dentin were
18.7 and 16.4, respectively.
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Gunal et al.’* examined the TP and OP
values of Vita Suprinity and other novel CAD /
CAM materials. As a result of research, the TP
values of Vita Suprinity with thicknesses of 0.5
mm and 1 mm were reported as 23.30 and 14.26
and OP values as 10.07 and 10.56, respectively.
Vita Suprinity showed significantly lower TP
values in the 0.5 mm thickness group compared to
Lava Ultimate, Vita Enamic, and GC Cerasmart.
While no significant difference was observed
between Vita Suprinity and Vita Enamic in 1 mm
thickness  group; Vita Suprinity showed
significantly lower TP values compared to GC
Cerasmart and Lava Ultimate. Suprinity (VITA
Zahnfabrik, Bad Sackingen, Germany), another
block of the novel CAD / CAM blocks, is a
zirconia-reinforced lithium silicate ceramic.®

Many factors such as the resin matrix and
filler composition and this composition content,
pigment, and other additives affect the optical
properties of the resin materials.®> The filler
content, shape and size of Vita Enamic, Lava
Ultimate and GC Cerasmart materials used in the
present study were different.

In most of the studies evaluating the optical
properties of materials, researchers were preferred
the use of materials of A2 color.’®? In order to
compare the optical properties of restorative
materials with other studies and to obtain
standardization, was preferred to use of A2 color
HT blocks for all groups in the present study.

The color of residual tooth structure or the
substructure material ought to be take consider
while deciding the correct prosthetic material. In
this study, the material type and thickness
significantly affected the optical properties of
RMCs. Therefore, to obtain natural looking
restorations and provide correct shade matching
with neighboring dentition especially for anterior
teeth, RMCs should be carefully chosen due to
their different optical properties.

Three methods are used to evaluate the
translucency of materials used in dentistry, and
these methods can be classified as direct
transmission, total transmission, and spectral
reflection.®® TP is described as the difference
between the reflected colors of a material of equal
thickness on the background in two different
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colors, black and white, and this study the TP
value was evaluated by determining the spectral
reflections.”®* Generally, spectrophotometers have
been preferred for instrumental translucency
determination.®*3” The spectroradiometer (SR)
was introduced as an alternative color measuring
device to the spectrophotometer in dentistry.®
With the use of a spectroradiometer (SR), the
effect of edge-loss can be avoided since there is
no aperture between the spectroradiometer, the
light source, and the material.*® Lim et al.®
reported that the TP values obtained with
spectrophotometer and spectroradiometer showed
a high correlation.

In this study, the spectrophotometer was used
for the measurement of TP values since it is
simpler to use and is preferred in previous studies.
There may be differences between the
spectroradiometer and spectrophotometer
measurements. The limitation of this study is that
measurements are done with spectrophotometer
only.

The color of the teeth to be restored is
important in determining the color and
translucency of the restorative materials. While
teeth without discoloration can be restored with
more translucent materials, more opaque materials
are preferred for teeth with discoloration. In this
study, the TP and OP values of resin matrix
ceramic materials were determined and it was
investigated which materials could be more
advantageous in clinical use.

CONCLUSIONS

Choosing the right restorative material in the
anterior region is a critical issue for achieving
natural looking aesthetic restorations. According
to the findings of this study GC Cerasmart has the
highest TP value in 0.5 mm and 1 mm thickness
groups. For the 1.5 mm thickness groups, Lava
Ultimate and GC  Cerasmart indicated
significantly higher translucency values than Vita
Enamic. GC Cerasmart has the lowest OP value
for all thickness groups. As the thickness of
materials increased, TP values decreased and OP
values increased. The use of GC Cerasmart and
Lava Ultimate materials may be appropriate in
anterior aesthetic restorations, as the use of
materials with a high TP value is advantageous.
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Giincel Rezin  Matriks  Seramiklerin  Farkl
Kalinliklardaki Optik Ozellikleri

0z

Amac: Bu calismanmin amaci, rezin matriks seramik
bloklarn  materyal c¢esitlerinin ve kalimliklarinin
translusensi  parametrelerine (TP) ve opalesans
parametrelerine (OP) etkilerini arastirmaktir. Gereg ve
Yéntemler: Vita Enamic, Lava Ultimate ve GC
Cerasmart rezin matriks seramik bloklarindan olusan
90 adet disk seklindeki ornek (8 mm ¢ap ve A2 renk,
yiiksek translusensi) 0,5 mm, 1 mm and 15 mm
kalinliklarinda TP ve OP degerlerini
ol¢mek icin dental spektrofotometre (VITA Easyshade
Advance) kullanild:.

zemin tizerine yerlestivilip renk olgiimleri her ornek

hazirlandi.
Tiim ornekler beyaz ve siyah

icin 3 defa tekrarlandi ve L, a ve b degerleri
hesaplandi. Istatistiksel analizler, ¢ift yonli varyans
(ANOVA) ve Tukey
Bulgular:

analizi testleri

ile yapild:.
GC

Cerasmart en yiiksek, Vita Enamic ise en diisiik TP

0,5 mm kalimhgindaki gruplarda,

degerleri gostermistir.] ve 1,5 mm kalinligindaki
gruplarda, GC Cerasmart ve Lava Ultimate yiiksek TP
degerleri gosterirken, Vita Enamic diisiik TP degeri
gostermistir. OP degerleri ise 0,5 mm kalinlhigindaki
Vita GC
mm
Vita

gruplarda, Enamic’te en yiiksekken

Cerasmart’ta en disiik  bulunmustur. 1
kalimlhigindaki  gruplarda Lava Ultimate ve
Enamic, GC Cerasmart’a gore daha yiiksek OP
gostermistir. 1,5

gruplarda, Lava Ultimate, GC Cerasmart ve Vita

degerleri mm  kalinhgindaki
Enamic gruplarina gére daha yiiksek OP degerleri
gostermistir. Tiim gruplarda, OP degerleri kalinligin

artmasiyla paralel bir artma gésterirken, tam tersine

TP degerleri azalma gostermistir. Sonu¢: Rezin
matriks ~ seramiklerin  ¢egsitleri  ve  kalinliklar,
materyallerin  optik  ozelliklerini  etkilemektedir.

Anahtar Kelimeler: Seramikler, renk, spektrofotometri.
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