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ASSESSING THE COLOR DIFFERENCE AND TRANSLUCENCY
OF BILAYERED RESTORATIONS AFTER VARYING
THE FRAMEWORK MATERIAL AND THICKNESS RATIO
BETWEEN THE FRAMEWORK AND VENEERING LAYERS

Mennatallah M. Wahba™'*" and Tarek Salah Morsi™

ABSTRACT

Objective: To assess the influence of changing the thickness ratio between the framework
material which was either 3-YTZP or PEEK, and the veneering milled lithium disilicate on color
difference and translucency parameter of bilayered restorations.

Materials and Methods: Sixty disc-shaped specimens composed of partially stabilized
tetragonal nano-crystalline zirconia or PEEK veneered with milled lithium disilicate (IPS e.max
CAD) were randomly divided into two groups (n=30) according to the framework material
implemented. Each group was split into 3 subgroups based on the thickness ratio between the
framework and the overlying lithium disilicate. The thickness ratios of the framework to the lithium
disilicate (Tp,: T, ;) were 0.5mm:1mm,0.7mm:0.8mm, and Imm:0.5mm. Color difference (AE) and
translucency parameter (TP) of all specimens were measured using a laboratory spectrophotometer.

Results: Two-way ANOVA results showed that the type of framework, the thickness ratio,
and the interaction between both variables, had a significant effect (p<0.001) on (AE). T, ;: T,
=0.5mm: 1mm subgroup showed the lowest (AE) values in both groups. For (TP), two-way ANOVA
results showed that only the framework material and thickness ratio had a significant effect (p<0.001)
on (TP). (ZIR) group specimens showed statistically significantly (p<0.001) higher (TP) values
than (PK) group specimens when all thickness ratios were considered. T, ;: T, =0.5mm:Imm
subgroup in both groups displayed the highest (TP) values.

Conclusions: Changing the ratio between the framework thickness and that of IPS e.max CAD
had a significant impact on color difference and translucency parameter with both materials in all
thickness ratios.
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INTRODUCTION

Nowadays, with the expeditious and ongoing
innovations taking place in the field of CAD/
CAM technology together with the versatility of
dental materials, implant-supported fixed partial
dentures as well as implant-supported full-arch
rehabilitations have become a predictable treatment
modality”. However, it has been documented
in the literature that mechanical and biological
complications are more likely to happen in implant-
than
supported fixed prostheses; a thing that intensifies

supported restorations in natural tooth-
the supreme importance of a proper design of the
implant-supported restoration as well as the careful
selection of the prosthetic materials .

One major reason behind the importance of
proper prosthetic material selection and its pivotal
role in determining the long-term clinical success
and stability of the implant-supported prosthesis
is the effect of the material on the transmission
mechanism of stress created during function .

For decades, base metal alloys have served as
the gold standard framework material for implant-
supported fixed restorations because of their good
mechanical properties in terms of high modulus
of elasticity, and fracture strength, as well as the
bond
9. Nevertheless, the greyish shadow of such
base metals serving as frameworks limited their
esthetic performance and called for the necessity
to implement more esthetic substitutes, especially
when considering the esthetic zone 7.

outstanding porcelain-to-metal strength

Consequently,  Yttria-stabilized
zirconia polycrystalline (3Y-TZP) frameworks

tetragonal

were introduced as an esthetic alternative to metal
frameworks for implant-supported fixed dental
prosthesis owing to the high flexural strength (900-
1200 MPa), as well as the high fracture toughness
(6.4 Mpa m'?) of 3Y-TZP. However, it displays a
major drawback of having a very high modulus
of elasticity (200-210 GPa), and a relatively high
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density (6.05 g cm-3) ©@. Moreover, 3-YTZP
frameworks display high strain concentration which
implies careful use in situations that might display a
potential risk for mechanical complications such as
parafunctional habits (9,

Recently and with the ongoing attempts trying
to overcome the drawbacks of metal and zirconia
frameworks, Polyetheretherketone (PEEK) has ap-
peared as an alternative. It is a high-impact poly-
meric material with reduced weight, high biocom-
patibility, and low modulus of elasticity (4 Gpa); all
of which promoted its use as an alternative to metal
alloys and zirconia, especially with the implant-sup-
ported prosthesis, to reduce the risk of mechanical
complications by allowing gentle transmission of
the chewing pressure to the bone and consequently
reducing the risk of failure '!"'¥. Additionally, it has
a lower density compared to zirconia frameworks
which is reflected clinically as less weight of the
restoration, a thing that may be favorable in patients
requiring extensive full arch prosthesis 419,

Further improvements were made to pure PEEK
through the incorporation of 20% nano-ceramic
fillers and resulted in the introduction of BioHPP
which is a modified PEEK material reported to have
improved mechanical properties, a better degree
of polishability, and superior color stability over
time (119,

Considering that 3-YTZP, even its nano-
crystalline variant, is a relatively opaque material
and that modified PEEK is characterized with a
distinctive highly opaque greyish color; an esthetic
downfall emerges that makes veneering of both
materials indispensable particularly in the esthetic
zone. @19, However, the inertness of both materials
represents a challenge during the conventional
framework veneering process @121¢18 To eliminate
such veneering problems, as well as to improve the
mechanical, biological and esthetic performance
of implant-supported fixed prosthesis, a design
composed of single monolithic lithium disilicate
full-contour crowns cemented on top of the CAD-
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milled high-strength 3-YTZP or modified PEEK
frameworks was introduced 1129, Consequently, in
addition to omitting the veneering step and problems
associated with it, an esthetic gain was achieved
through the individually cemented lithium disilicate
glass-ceramic crowns since lithium disilicate
glass-ceramic consists of approximately 70% of
lithium disilicate crystals (Li,Si,0,) embedded in a
glassy matrix. The glass matrix and crystals have a
comparable refractive index of light as well as one
similar to that of the dental structure, thus resulting
in high translucency @".

However, multiple studies showed that thickness
and combination of ceramic layers affect the
esthetic outcome of the final restoration through
exerting an effect on color and translucency which
are deemed as two highly correlated properties.
In bilayered restorations, both the framework
material as well as the overlying veneer affect the
color match as well as the translucency of the final
restoration.?>3%. However, through literature, there
has been a debate regarding the perceptible and
acceptable thresholds for color difference where the
perceptibility threshold denotes a limit for the color
difference identified by an expert clinician while the
acceptability threshold points to the amount of color
difference detected by an untrained observer >3, On
the other hand, multiple methods have been verified
in the literature for translucency measurement. One
of those methods is the translucency parameter (TP)
that is correlated directly to the common visual

TABLE (1) Materials used in the study

(2105)

evaluation of translucency where as the (TP) value
increases, the translucency of the material is said to
increase 329,

Though several studies had emphasized the ef-
fect of the framework material and thickness on the
final color and translucency of the restoration, very
limited data are available comparing both 3-YTZP
and modified PEEK regarding their esthetic out-
come when used in combination with milled lithi-
um disilicate *72#%89_ Consequently, this study was
carried out with the aim of investigating the effect
of changing the ratio between 3-YTZP or modified
PEEK frameworks, and the overlying CAD milled
lithium disilicate on color difference and translu-
cency parameter of the bilayered structure. The null
hypothesis was that neither the framework material
nor the thickness ratio would have an effect on color
difference or translucency parameter.

MATERIALS AND METHODS

For the current study, a total of sixty bilayered
disc-shaped specimens 12 mm in diameter and 1.5
mm thick were implemented. The specimens were
randomly divided into two equal groups (n=30)
according to the type of the framework material
that was either 3-YTZP (Group ZIR) or modified
PEEK (Group PK). Each of the two groups was then
split into three equal subgroups (n=10) based on the
difference in the thickness ratios of the framework
material and the milled lithium disilicate (Tablel).

Material Type Composition Shade Manufacturer

Bre.CAM BioHPP  Modified Poly- e Poly-Ether-Ether Keton 80% Dentin Shade Bredent GmbH &
Ether-Ether ¢ Aluminum Oxide & Zirconuim Co KG. Germany
Ketone Oxide 20%

Nacera Pearl Nano-crystalline ZrO, + HfO, + Y,0,>99%,Y,0,4,5%  Pre-shaded A2 Doceram GmbH.

Shaded partially stabilized —6% Dortmund,
tetragonal Zirconia Germany

IPS e.max CAD Lithium disilicate Si0, 57.0-80.0 %,Li,0 11.0-19.0%, A2, High Ivoclar Vivadent.
glass-ceramic K,00.0-13.0%,P,0,0.0 - 11.0%, Translucency Schaan,
(CAD-milled) 7r0,0.0 - 8.0%,7Zn0 0.0 — 8.0% Other  (HT) Liechtenstein

and coloring oxides 0.0 — 12.0%
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Thickness ratios of the framework (T,,): veneering
lithium disilicate (T, ) were 0.5:1 mm, 0.7:0.8
mm, and 1:0.5mm. Such sample size was selected
based on the results of previous studies with an 80%
power and a .05 level of significance “*4V.

For the construction of the bilayered specimens,
different disc designs for the 3-YTZP and modified
PEEK, according to the previously selected thick-
nesses, were CAD designed (Exocad GmbH, Ger-
many), and saved as standard tessellation language
(STL) files. The designs made for the 3-YTZP discs
had a diameter of 15mm and thicknesses of 0.65mm,
0.9mm, and 1.5mm to permit a 20% shrinkage dur-
ing sintering. On the other hand, modified PEEK
discs were designed with dimensions of 12 mm di-
ameter and thicknesses of either 0.5 mm, 0.7 mm or
1 mm. All STL files were then sent for wet milling
(CORITEC 250i, imes-icore GmbH. Germany) of
the discs from their respective blanks.

To fabricate the IPS e.max CAD discs, a
cylindrical form was designed using the same CAD
software as that used for designing the framework
discs. The generated STL file was then exported
for milling of the IPS e.max CAD block into a
cylindrical form with a 12 mm diameter utilizing
the same milling machine. Thirty discs having the
same 12 mm diameter and 3 different thicknesses
(0.5,0.8,and 1 mm) were cut from their respective
cylinders (Isomet 4000 precision cut, Buchler.
USA) under water coolant.

Following the verification of each disc thickness
for all three materials using a digital caliper, all
3-YTZP discs were sintered in a high-temperature
zirconia furnace (Tabeo-1/M/ZIRKON-100, MIHM-
VOGT GmbH&C) following the manufacturer’s
specifications. On the other hand, IPS e.max CAD
discs were placed in a special ceramic furnace;
Programat P300/G2 (Ivoclar Vivadent, Schaan,
Liechtenstein) for crystallization as per the
manufacturer’s recommendations. Subsequently,

all IPS.emax CAD discs received their intended
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surface treatment according to the manufacturer’s
instructions. One surface of each disc was acid
etched with 5% hydrofluoric acid (BISCO, USA) for
20 seconds, washed, and air dried. A layer of silane
coupling agent (BISCO, USA) was then applied to
the etched surface and left to air dry for 60 seconds.

On the other hand, all 3-YTZP and modified
PEEK discs were sandblasted on the surface
designated for veneering with 50 xm alumina
powder at a distance of 10 mm and 0.25 MPa with
the help of a specially fabricated holder for the sake
of standardization. Following sandblasting, a thin
layer of Visio.link (Bond.lign; bredent GmbH & Co
KG) was applied on the air abraded surface of all
modified PEEK discs and light polymerized (bre.Lux
Power Unit, bredent GmbH & Co KG) for 2 minutes
following the manufacturer’s recommendations.
Simultaneously, a thin layer of universal adhesive
(All-Bond Universal, BISCO, USA) was applied on
the air-abraded surface of all 3-YTZP specimens,
air dried for 10 seconds and then light cured for 10
seconds according to the manufacturer’s guidelines.

For creation of the bilayered specimens, a
special mold 12 mm in diameter and of thickness
1.56 mm, thus preserving a cement space of 60 ym
was used. Each zirconia disc, for the group (ZIR)
and each modified PEEK disc for the group (PK)
was assembled with an IPS e.max CAD disc of
the corresponding thickness according to the pre-
specified thickness ratios, and the two discs were
luted together using dual-cured resin cement of
universal shade (Duo-Link, BISCO, USA). For
standardization of the pressure applied during
cementation, the luted discs were pressed together
between two glass plates under a 5 Kg loading
device. Excess cement was removed and the IPS
e.max CAD surface of all specimens was polished
according to the manufacturer’s instructions with
OptraFine ceramic polishing system (Ivoclar
Vivadent, Schaan, Liechtenstein) with a low-speed
handpiece under water coolant for 15 seconds.
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Measurement for all specimens for color differ-
ence (AE) was executed in Agilent Cary 5000 UV-
Vis-NIR spectrophotometer (Agilent Technologies,
USA) against a white background and the CIELab
color parameters for each specimen were calculated
by using the spectrophotometer pre-set color soft-
ware. (AE) was subsequently calculated through
the equation;

AE=[( AL)?+( Aa)*+( Ab)?]%2

Where; L* value is the lightness-darkness of
an object, a* value is the chroma along the red-
green axis, and b* value expresses chroma along
the yellow-blue axis. AL, Aa* and Ab* denote the
differences between the color parameters of the A2
shade tab of the Vita Classical shade guide (Vita,
Zahnfabrik H. Rauter GmbH&Co. KG) and the
measured color parameters for each specimen.

Consequently, each specimen was measured
against a white and a black background in Agilent
Cary 5000 UV-Vis-NIR spectrophotometer for
translucency parameter (TP), and (TP) was

calculated through the equation;
TP = (L*-L*))* +(a*-a*))* + (b* -b*  )*)"?

Where; the subscript “B” denotes the color
coordinates over a black background while the
subscript “W” denotes the color parameters over a
white background

After all (AE) and (TP) values were recorded,
numerical data were represented as mean, standard
deviation (SD), median an interquartile range values.
Shapiro-Wilk’s test was used to test for normality.
The homogeneity of variances was tested using
Levene’s test. Data showed parametric distribution
and variance homogeneity for both (AE) and (TP).

Data were analysed using two-way ANOVA
followed by Tukey’s post hoc test. Comparisons of
simple main effects were done utilizing the error
term of the two-way model with p-values adjustment
using Bonferroni correction. The significance level
was set at p<0.05 within all tests.
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RESULTS

Two-way ANOVA results presented in table (2)
showed that the framework material, the thickness
ratio, as well as the interaction between both
variables had a significant effect (p<0.001) on (AE).
It was clear that there was a statistically significant
difference (p<0.001) between the three thickness
ratios in either (ZIR) or (PK) groups with the T, :
T, =0.5mm:Imm subgroup showing the lowest
(AE) values of 9.43+0.37 for (ZIR) group and
9.66+0.31 for (PK) group. On the other hand, T_:
T, , =Imm:0.5mm subgroup showed the highest
(AE) values which were 13.10+0.12 for the (ZIR)
group and 14.49+0.21 for the (PK) group. However,
there was only a statistically significant difference
(p<0.001) in the amount of color difference between
the two framework materials when T, : T

VLD
=1mm:0.5mm was used as presented in table (3).

TABLE (2) Two-way ANOVA results for the effect
of different variables on mean color

difference (AE).
Sum of Mean
Parameter f-value  p-value
squares square
Material 1.53 1 1.53 13.66 0.001*
Thickness
. 92.20 2 46.10 41229  <0.001*
ratio
Martial *
. 3.62 2 1.81 16.18  <0.001*
ratio
Error 2.68 24 0.11
*significant (p<0.05)

Looking at the (TP) results, two-way ANOVA
results shown in table (4) revealed that only the
framework material and thickness ratio had a
significant effect (p<0.001) on (TP) values, yet
their interaction was not statistically significant
(p=0.142). Results showed that
with 3-YTZP framework showed statistically
significantly (p<0.001) higher (TP) values than

specimens
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specimens with the modified PEEK framework thickness displayed the highest (TP) values, while
when all thickness ratios were considered. For both  that with the greatest framework thickness showed

materials, the subgroup with the lowest framework  the lowest values of (TP) as shown in table (5).

TABLE (3) The mean, standard deviation (SD) values, and Bonferroni’s post hoc test results for comparison
between (AE) of the two framework materials with different thickness ratios

Material Color Difference (AE) (Mean+SD)

Thickness Ratio ZIR PK p-value
TFM: TVLD =0.Smm:1mm 9.43+0.37¢ 9.66+0.31¢ 0.288
TFM: TVLD =0.7mm:0.8mm 11.26+0.518 11.00+0.358 0.219
TFM: TVLD =1mm:0.5mm 13.10£0.124 14.49+0.214 <0.001*
p-value <0.001* <0.001*

Means with different superscript letters within the same vertical column are significantly different  *significant (p<0.05)

TABLE (4) Two-way ANOVA results for the effect of different variables on mean (TP)

Parameter Sum of squares df Mean square f-value p-value
Material 162.83 1 162.83 1489.46 <0.001*
Thickness ratio 4.71 2 2.36 21.55 <0.001%*
Martial * ratio 046 2 0.23 2.12 0.142
Error 2.62 24 0.11
*significant (p<0.05)

TABLE (5): The mean, standard deviation (SD) values, and Bonferroni’s post hoc test results for comparison
between (TP) of the two framework materials with different thickness ratios

Material Translucency parameter (TP) (Mean+SD)
. . p-value
Thickness Ratio Zir PK
TFM: TVLD =0.5mm:1mm 6.24+0.03* 1.68+0.18* <0.001*
TFM: TVLD =0.7mm:0.8mm 6.12+0.514 1.12+0.094 <0.001*
TFM: TVLD =1mm:0.5mm 5.21+0.598 0.79+0.078 <0.001*
p-value <0.001* 0.001*

Means with different superscript letters within the same vertical column are significantly different  *significant (p<0.05)
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DISCUSSION

Esthetic restorations, especially those associated
with implant-supported prostheses, are usually
challenging for clinicians and technicians. Such
a challenge is typical in cases of fully edentulous
maxillae restored with implant-supported fixed
prosthesis where single individual lithium disilicate
full-contour crowns are bonded to a CAD-milled
high-strength framework. In such a scenario, a
challenge is manifested, especially in the anterior
region where there is a restricted restorative space
to accommodate the thickness of the abutment and
the overlying bonded superstructure while attaining
the best color match and translucency. However,
through literature, it has been documented that
multiple factors could affect the final esthetic
outcome of the fixed restoration, such as the ceramic
material type, thickness of the framework material,
and the veneering superstructure, as well as other
multiple factors #4243 Accordingly, this study was
conducted to shed the light on the role played by
the framework material, as well as the thickness of
both this framework substructure and the overlying
bonded lithium disilicate in shaping the final color
and translucency of the restoration.

According to the results obtained, the null
hypothesis was rejected where it was demonstrated
that both the framework material as well as the
thickness ratio between the framework material
and the overlying IPS e.max CAD had a significant
impact on both the color difference and translucency
parameter. Such an outcome is in accordance with
previous studies that emphasized the influence of
the ceramic thickness on the esthetic outcome of the
restorations %29,

Through the aforementioned results, it was clear
that an increase in framework material thickness
together with decreasing the thickness of the IPS
e.max CAD would lead to decreased translucency as
well as an increase in the color difference compared
to the A2 shade tab color parameters. Such results
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reveal an intertwining relationship between both
translucency and color which has been consistent
with previous studies ®>3%3239 Fahmy A et al ¥ in
one past research showed that the amount of color
difference between a restoration and the selected
shade increased when the thickness of the veneering
material decreased. They attributed that to the
increased translucency and consequently reduced
ability of the veneering layer to mask underlying core
material color when the thickness of the veneering
material was reduced. Hence, more light has been
allowed to reach the underlying core affecting the
final color. Such effect of the underlying framework
on the final color of the restoration has been best
supported by Dozic A et al “» who stated that there
was a strong correlation between the thickness ratio
of the opaque/veneering porcelain and the a* and
b* color parameters. They showed that there was a
tendency for the a* and b* values, which represent
the chromatic character of the color, to increase
associated with increasing the thickness of opaque
porcelain.

However, all (AE) values recorded in the current
study, despite the thickness ratio or the framework
material used, were beyond the perceptible and
acceptable threshold values documented in the
literature ©>-37. In the present study, the perceptibility,
as well as the acceptability thresholds adopted, were
described by Douglas et al “” who considered them
to be (AE)=2.6 and (AE)=5.5 respectively. Such
high values of color difference obtained in our study
compared to reported threshold values are possibly
multi-factorial. In accordance with our results,
Ongun S et al ® reported a pronounced mismatch
between the tested ceramic assemblies used in their
study and the A2 shade tab where all values were
reported to be beyond the acceptable threshold.
They suggested that such mismatch was due to the
combined influence of the ceramic material used,
its thickness, and the cement shade. Hernandes DK
@9 et al in a previous study have proved the impact
of the resin cement shade on the final color of the
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restoration. They stated that the cement shade could
alter the color of the restoration through affecting
the chroma and they emphasized that such effect of
the cement is influenced by the ceramic thickness
as well as its degree of translucency. Therefore,
another suggested reason for such color difference
in our study is the use high translucency IPS.emax
CAD blocks rather than low translucency ones
for the veneering super-structure. Accordingly, it
could be postulated that the high translucency of
the IPS e.max CAD allowed higher transmission of
light together with less masking of the underlying
framework and cement colors and thus emphasizing
their effect on the final shade of the restoration “'%.

Bearing in mind the precedent fact that color and
translucency are two highly correlated properties,
the translucency parameter results obtained in that
study become quite understandable when looking
at the influence imparted by the different thickness
ratios employed in the study. It was noted that the
increase in the framework material thickness and the
decrease in the thickness of the overlying lithium di-
silicate has been associated with a significant drop
in the translucency parameter of specimens in both
(ZIR) and (PK) groups. Considering that 3-YTZPis a
semi-translucent material and that modified PEEK is
a relatively opaque, therefore increase in their thick-
ness caused a decrease in the direct transmission of
light and was associated with a reduction in translu-
cency parameter values. This finding was consistent
with Wang F et al ® who reported that reducing the
thickness of zirconia led to an increase in its relative
translucency. On the other hand, IPS e.max CAD
is characterized by its high translucency due to its
relatively low volume of the spindle-shaped lithium
disilicate crystals (70%) and their relatively lower
refractive index, thus when its thickness increased
at the expense of the relatively opaque framework
material, translucency increased “7,

However, although the two framework materials
employed in the study had an impact on the
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translucency parameter, that impact was not the
same in both groups. It was evident that modified
PEEK caused a more significant reduction in (TP)
values than the 3-YTZ despite the thickness ratio
used which was probably reverted to the highly
opaque nature of modified PEEK compared to
3-YTZP. Zeighami S et al “® in their study reported
(TP) values ranging between 0.64 and 0.94 for PEEK
specimens of different thicknesses thus confirming
the high opacity of PEEK cores. However, that was
opposed by the findings reported by Stawarczyk
B et al ® who claimed comparable colorimetric
properties of PEEK to those of zirconia cores.
The different results could be due to the large core
thickness adopted in the later study causing very
low transmission of light through both materials;
where Spink et al @® affirmed that as the thickness
of the material increased, light must travel farther
within the material and therefore, the light would be
subjected to increased absorption and scattering and
decreased transmission.

Regardless of the significantly different values
of (TP) either when comparing the two framework
materials used in the study or when comparing
the different thickness ratios, they were all in the
interval of 0.79-6.24. Compared to natural teeth
translucency, such values are considered relatively
opaque where the mean (TP) values of Imm thick
human enamel and dentin were reported to be
18.7 and 164 respectively ©°. Therefore, these
differences reported in the present study may not be
significant in clinical practice.

Lately, there has been a confusion among
clinicians weighing the pros of using modified
PEEK frameworks with their favorable modulus of
elasticity and low density and their cons of relatively
poor esthetics against zirconia frameworks.
Findings drawn through the current study can help
end such confusion especially when either of those
two materials is used in conjugation with the IPS

e.max CAD as a superstructure material. That’s
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typical because although 3-YTZP frameworks
displayed better color match and translucency
parameter than modified PEEK in all thickness
ratios, this superior performance was of no clinical
significance with the AE values being perceptible
and clinically unacceptable, and the TP values being
much lower than those of natural teeth. Accordingly,
clinicians can choose the framework material based
on the functional demands of each case given that
the esthetic performance is comparable.

Though some shortcomings could have been
there in this study where the effect of the IPS
e.max CAD translucency and cement shade were
not investigated, the author was trying to limit the
variables implemented to focus on the material
and thickness effect. Additionally, disk-shaped
specimens were chosen over the intended design
of anatomical crowns over a framework thus not
typically simulating the clinical setup. However,
such a design was chosen to facilitate dimensions
standardization and assure maintaining an equal
distance between the flat specimen surface and the
lens of the spectrophotometer thus allowing accurate
measurements ©'°?. Authors, hereby advocate that
future research is carried out implementing the
specimens simulating the actual prosthesis design,
as well as investigating the effect of different
commercially available superstructure materials of
different translucencies, and cement shades.

CONCLUSIONS

Within the limitations of the present study, it was
concluded that changing the thickness ratio between
the 3-YTZP or modified PEEK frameworks, and the
veneering IPS e.max CAD had a significant impact
on color difference and translucency parameter. It
was also clear that the use of 3-YTZP as a framework
rendered better color match and translucency
compared to modified PEEK in all thickness ratios.
However, no esthetic gain is achieved from 3-YTZP
over modified PEEK when either of them is used
as a framework in combination with milled lithium
disilicate.

@2111)
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