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ABSTRACT

Objective: To evaluate the effect of two thicknesses of different veneering material on color reproduction of PEEK. Materials
and Methods: The samples were divided into three main groups according to their veneering material. Group A: PEEK material
veneered with IPS E.max CAD. Group B: PEEK material veneered with Visio.lign resin material. Group C: PEEK material
veneered with HIPC. Each group were divided into two sub-groups according to veneering material thickness. Subgroup I:
veneering material with 0.3 mm thickness. Subgroup II: veneering material with 0.5 mm thickness. The samples were cemented
over BioHPP specimens of dimensions 10 x 10 mm and of thickness 0.6mm with clear resin cement and then the color of the
cemented samples were examined by Aligent Cary 5000 spectrophotometer. Results: Our study detected that color change were
significantly higher in E.max particularly with 0.3 mm thickness and the least color change was Visio.lign particularly with 0.5
mm thickness. Conclusion: 1. The degree of color change of the restoration materials from their selected shade is influenced by
the thickness of veneering material. 2. Visio.lign has been found to be most suitable veneering material for veneering of PEEK
among this study.
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INTRODUCTION Core veneered restorations are the foundation for
) ) prosthetic dentistry, and the combination of a strong
Advancement in dentistry and development .

core and an esthetic veneer has proven successful

of technologies can be reached by improving
materials, biocompatibility, low plaque affinity,
good aesthetics and characteristics close to dental
structure are essential to modern dentistry. It helps
to rebuild the defects of the teeth and dentition and
pleases esthetically demanding patients.

Unfortunately, although many improvements
have been accomplished during recent years, color
or shade stability is yet an issue. As esthetic failures
standout amongst the most widely recognized
explanations behind replacing restorations, one
might want to utilize predictable materials.
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for many decades. Though veneering materials aim
to rebuild the outer body of the tooth, abutment and
core materials are required to strengthen the integrity
and stability of the restoration. However, the shade
of the last may greatly impact the appearance of
the entire restoration and may hamper adequate
esthetics.

PEEK is a biocompatible material and features
a natural tooth-colored appearance as compared
to metal restorations. However, the white-opaque
color and the low translucency of PEEK still limit
its use as a monolithic anatomic contour dental
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restoration material. Thus, additional veneering
or indirect composite resin is required to obtain
satisfactory esthetics. To date, according to the
authors’ knowledge, no studies are available, which
have investigated color characteristics and optical
properties of PEEK as compared to other currently
used Core materials in combination with veneering
materials!'-?.

Spectrophotometers are the most widely used
instrument for color measuring. They are designed
to measure the ratio of the light reflected from a
sample to that reflected from a reference white
across the visible spectrum at intervals of 1, 5,
10, or 20 nm. The present study is designed using
this technology to assess differences in optical
measurements of PEEK as a base material when
layered with three different veneering materials
with two thicknesses @

Therefore, the purpose of this in vitro study was
to determine and compare the Color reproduction of
PEEK material (Polyetheretherketone) veneered with
IPS E.max, Visio.lign and HIPC composite blocks
with two thicknesses. Our hypothesis was that there
will be a difference in color reproduction of PEEK
concerning different material and thicknesses.

MATERIALS AND METHODS
1. Materials:

In this in vitro study, two different thicknesses
of specimens were made from three dental esthetic
materials (HIPC, E.max and Visio.lign). Color
reproduction will be measured after cementation of
samples to PEEK.

2. Methods:

A total of sixty specimens were divided into three
main groups according to their veneering material:
Group A: PEEK material veneered with IPS E.max
CAD. Group B: PEEK material veneered with Vi-
sio.lign resin material. Group C: PEEK material ve-
neered with HIPC composite blocks, Table (1).
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Each group was divided into two sub-groups ac-
cording to veneering material thickness: Subgroup
I: veneering material with 0.3 mm thickness. Sub-
group Il:veneering material with 0.5 mm thickness.

Factorial Analysis:

TABLE (1) Factorial analysis of materials used.

aterial | IPS E.max CAD | Visio.lign | HIPC Total
Thicknes (A) (B) ©)
0.3 mm (I) Al (n=10) BI (n=10) cl 30
’ (n=10)
_ BII ClI
0.5 mm (II) All (n=10) (n=10) | (n=10) 30
Total 20 20 20 60

I. Preparation of the specimens:

All blanks and blocks used in this study were
selected with shade (A3). Specimens of BioHPP
(Bredent GmbH & Co) were cut from a BreCAM.
BioHPP blank using CAD/CAM to form square
shaped blocks of dimensions 10 mm in length,
10 mm in width and 40 mm in height. Then these
specimens were sectioned into square shaped discs
of desired thicknesses with dimensions of 10 mm in
length and 10 mm in width and 0.6mm in thickness.
Sixty samples were sectioned, using IsoMet 5000
micro saw with cooling water system to form the
core material. Sandblasting was performed on
all samples, using 110 microns Aluminum oxide
powder at an angle of 90 degrees, at a distance 2-3
cm away. For better standardization of sandblasting
of the all specimens, a cylindrical metal holding
device which allowed sandblaster tip movement
right, left, up & down directions without changing
the distance which gave us better standardization.
This was done for 20 seconds at 2.0 bar pressure for
each sample.

Specimens of HIPC (Bredent GmbH & Co) were
cut from a BreCAM.HIPC blank using CAD/CAM
to form square shaped blocks of dimensions 10 mm
in length, 10 mm in width and 30 mm in height.
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Then these specimens were sectioned into square
shaped discs of desired thicknesses with dimensions
of 10 mm in length and 10 mm in width and 0.3
and 0.5mm in thickness. Ten samples for each
thickness were sectioned, using IsoMet 5000 micro
saw with cooling water system. All samples were
finished and polished using Visio.lign finishing and
polishing tool kit.

Specimens of E.max (Ivoclar,Vivadent,USA)
were cut from two C14 blocks using CAD/CAM to
form square shaped blocks of dimensions 10 mm in
length and 10 mm in width and 16 mm in height.
Then these specimens were sectioned into square
shaped discs of desired thicknesses with dimensions
of 10 mm in length and 10 mm in width and 0.3 and
0.5mm in thickness. Ten samples for each thickness
were sectioned, using IsoMet 5000 microsaw with
cooling water system. Glazing was done for all
samples using Ivoclar Vivadent CS4 Furnace.

As for specimens of Visio.lign (Bredent GmbH
& Co), a mold was specially designed from stain-
less steel. The mold was prepared with a square
shaped space in the middle with dimensions of 10
mm in length, 10 mm in width and 0.3 and 0.5mm
in thickness for samples formation , ten samples
for each thickness. Visio.lign material was injected
inside the mold placed over a glass slap and then
pressed with another glass slab, a 1 kg force was
applied over the glass slab for 20 seconds in order
to unify the pressure over Visio.lign material. It was
then light cured for 180 seconds according to manu-
facturer instructions and then excess material was
removed. All samples were finished and polished
using Visio.lign finishing and polishing tool kit.

Sixty square shaped BioHPP specimens, twenty
E.max specimens, twenty HIPC specimens and
twenty Visio.lign specimens were prepared. The
thickness of all specimens were verified with a
digital caliper, and all the specimens which were
not in the acceptable range (+0.01) of each desired
thickness were discarded.
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I1. Cementation of the samples:

A thin layer of Visio-link (Bredent GmbH &
Co) was applied to all the BioHPP samples for
20 seconds using a micro brush. Then gentle air
drying was done for the specimens using oil free air
way syringe. Cementation was done using RelyX
veneer cement (3M ESPE) by applying a thin
layer of cement over Visio-link then the veneering
samples were placed over the cement. A loading
device was used with a weight of 5 kilograms in
order to standardize the pressure applied over the
samples and then light curing is done for a period of
90 seconds. This was done after all E.max samples
underwent an additional step of being etched using
Bisco hydroflouric acid etch 9.5% (BISCO,Inc)
for 30 seconds and silanated with Bisco Silane
coupling agent (BISCO,Inc) for 60 seconds, it was
brushed over the samples and dried with air gently
until a matt finish appears in order to improve
bonding to BioHPP , then air drying was done for

the specimens using oil free air way syringe.
II1. Spectrophotometric analysis :

Spectrophotometer was used to measure the
color reproduction of each sample and compare it
to the (A3) tab of vita classical shade guide. The
apparatus used in measurements is Cary 5000
Spectrophotometer (Agilent Technologies USA).

Each sample was measured 5 times using the
spectophotometer and a mean reading was given for
each samples. As per (A3) tab from Vita Classical
shade guide, it was measured 5 times and mean

reading was given for the samples.

Total color difference was calculated accord-
ing to the equation: AE = ((AL*)2 + (Aa*)2 +
(Ab*)2)1/2, Where AL , Aa and Ab are the difference
in color change between the values of the specimens
and the values of the Vita Classical A3 shade tab.
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Statistical analysis:

Numerical data were explored for normality by
checking the data distribution, calculating the mean
and median values and using Kolmogorov-Smirnov
and Shapiro-Wilk tests. Data showed parametric
distribution so; it was represented by mean and
standard deviation (SD) values. Two-way ANOVA
was used to study the effect of different tested
variables and their interaction. Comparison of main
and simple effects were done utilizing pairwise
independent t-test with Benferroni correction. The
significance level was set at P <0.05 within all tests.
Statistical analysis was performed with IBM SPSS
statistics Version 26 for Windows.

RESULTS

Thickness of samples as well as type of veneering
material had a significant effect on color change
(p<0.001), while the effect of their interaction
was not significant (p=0.087). Samples of 0.3 mm
thickness (7.9343.88) had a significantly higher
color change than 0.5 mm thick samples (6.95+3.68)
(p<0.001), Table (2).

TABLE (2) Descriptive statistics for color change
(AE) for different groups

Thickness Veneer.ing Mean S.t d'. Median | Range
material Deviation
E.max | 12.99 0.28 12.82 | 0.55
0.3 mm | Visio.lign | 4.07 0.37 4.01 0.96
HIPC 6.72 0.26 6.79 0.58
E.max | 11.81 0.27 11.81 | 0.73
0.5 mm | Visio.lign | 3.45 0.28 3.38 0.65
HIPC 5.58 0.31 5.53 0.76

There was a significant difference between sam-
ples veneered with different materials (p<0.001).
The highest value of color change was found in
samples veneered with E.max (12.40+0.67) fol-
lowed by HIPC (6.15+0.66) while the lowest val-
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ue was found in samples veneered with Visio.lign
(3.76+0.45). Pairwise comparisons showed samples
veneered with different materials to be significantly
different from each other (p<.0.001).

Interactions:

1- Effect of type of veneering material within
each thickness:

-0.3 mm: There was a significant difference
between samples veneered with different materials
(p<0.001). The highest value of color change was
found in samples veneered with E.max (12.99+0.28)
followed by HIPC (6.7240.26) while the lowest
value was found in samples veneered with Visio.lign
(4.07+0.37). Pairwise comparisons showed samples
veneered with different materials to be significantly
different from each other (p<.0.001).

-0.5 mm: There was a significant difference
between samples veneered with different materials
(p<0.001). The highest value of color change was
found in samples veneered with E.max (11.81+£0.27)
followed by HIPC (5.58+0.31) while the lowest
value was found in samples veneered with Visio.lign
(3.45+0.28). Pairwise comparisons showed samples
veneered with different materials to be significantly
different from each other (p<.0.001).

2- Effect of thickness within each veneering ma-
terial, Table (3):

e E.max: Samples of 0.3 mm thickness
(12.99+£0.28) had a significantly higher color
change than 0.5 mm thick samples (11.81%0.27)
(p<0.001).

* Visio.lign: Samples of 0.3 mm thickness
(4.07£0.37) had a significantly higher color
change than 0.5 mm thick samples (3.45+0.28)
(p=0.003).

e HIPC: Samplesof0.3 mmthickness (6.72+0.26)
had a significantly higher color change than 0.5
mm thick samples (5.58+0.31) (p<0.001).
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TABLE (3): Mean + standard deviation (SD) of
color change (AE) for different thicknesses and ve-
neering materials.

Veneering material(mean+SD)
Thickness p-value
E.max Visio.lign HIPC
0.3 mm 12.99+0.28* | 4.07+0.37€ | 6.72+0.26" | <0.001*
0.5 mm 11.81+£0.274 | 3.45+0.28¢ | 5.58+0.31% | <0.001*
p-value <0.001* 0.003* <0.001*

Different superscript letters indicate a statistically sig-
nificant difference within the same horizontal row*; sig-

nificant (p < 0.05) ns; non-significant (p>0.05)

DISCUSSION

Recently, metal-free restorations considered to
be the more esthetic alternative of the conventional
porcelain fused to metal which is related to its
biocompatibility and higher esthetic properties.
They pose higher esthetics as they simulate the
color of natural teeth accurately with the absence of
metal coping which affect light transmission.

A bio high-performance polymer (BioHPP)
based on polyetheretherketone (PEEK) has been
introduced as a dental framework material. Because
of its excellent characteristics including outstanding
physical properties, low specific weight, low plaque
affinity, and high biocompatibility, BioHPP can
be used for a number of applications in dentistry,
including interim abutments, implant-supported
bars, and dental implants. It has also been considered
as a framework material for FDPs. Clinical reports
have suggested that BioHPP could be an alternative
framework material for complete arch restorations
to address many metal-resin related problems @,

However, BioHPP features a white-opaque col-
ored appearance. From the aesthetic point of view,
it still requires veneering owing to its low translu-
cency and whitish pigmentation ®.
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Esthetic veneering materials were introduced
with improved physical and mechanical properties
that are widely used in esthetic dentistry as ceramics
and composites. The restoration to be properly
esthetic should simulate the natural tooth color,
shape, form and contours with proper reproduction
of color. Different factors affect the proper matching
of'the restoration to the natural tooth as the shape and
contour of the restoration & ceramic material type.
It is also affected by the thickness of the restoration.

Visio.lign composite is used as veneering
material for PEEK. The exceptional material
properties adapt elasticity and hardness of Visio.lign
to the various substructure materials. The omission
of hard glass fillers results in optimized resistance to
plaque and abrasion and prevents embrittlement of
the material. Thanks to the flowability of Visio.lign
and improved masking, a gap-free transitions to the
veneer is achieved. But, due to the composite nature
of Visio.lign and the long term color instability of
composite under different oral circumstances , other
veneering materials was investigated in this study®.

HIPC (High Impact Polymer Composite) has
been used for long-term dental prosthesis. BreCAM.
HIPC is an amorphic, cross-linked composite
and therefore offers higher physical values than
conventional PMMA. Avoiding the use of dental
glass and light curing plastic ensures a high level of
color retention and plaque resistance since it is pre-
cured and offers high color stability.

Lithium disilicate is used as the restorative
material of choice for veneering restorations. Not
only is it strong but it is very versatile and lifelike. It
comes in many translucencies to maximize esthetics
in select cases and considered to be one of the most
esthetic materials used so far ©.

They all have an advantage of being used in
thin thicknesses, where the effect of the thickness
on the final color is a major concern. The optical
behavior of a the restoration is determined by the
combination of the underlying core material color
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and the thickness of the veneering material together
with the color of the cement so we used two
different thicknesses in this study. The veneering
material shade chosen for this study were all of the
same shade (A3) as being a common natural non
discolored dentition shade.

Composite discs were fabricated from composite
blanks of BreCAM HIPC while the ceramic discs
were fabricated using IPS E.maxCAD c14 blocks
to make specimens of size 10mm in length and
10mm in width to insure the size of the specimen
is bigger than the tip of the spectrophotometer used
to avoid edge loss phenomenon. All specimens
were fabricated from the same batch to avoid the
difference in color of different batches of the same
porcelain system.

Fabrication of square shaped samples was done
to ensure better reflectance of the light at the same
level and distance from the sample surface to the
lens of the spectrophotometer device & to eliminate
any other factors which may affect color and
translucency .

The BioHPP samples were cut to the dimensions
of 10mm in length, 10mm in width and 0.6mm in
thickness according to the recommended minimum
thickness of core or framework design®.

Two thicknesses of veneering material were
used in our study to evaluate the relationship be-
tween color reproduction and thickness. E.max and
HIPC samples were cut to the dimensions of 10mm
in length, 10mm in width and 0.3mm and 0.5mm in
thickness according to the recommended minimum
thickness of veneering material. Visio.lign samples
were made by using two stainless steel mold and
Visio.lign composite was injected in the mold and
another glass slab is placed over it , then a one kg
force applied over the glass slab for 20 seconds in
order to unify the pressure then was light cured for
180 seconds®.
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Finishing and glazing was done for the E.max
samples, And finishing only was done to HIPC
and Visio.lign samples according to manufacturer
instructions. It was important to avoid any rough
surfaces that would cause light scattering and affect
spectrophotometric analysis!?.

RelyX veneer cement was chosen in this study
as a representative of light cured resin cement.
RelyX veneer cement is very efficient in its light
curing ability as it contains a high efficiency
photo initiator system. This allows for a simplified
bonding technique and also provides excellent color
stability of the cured cement. This feature is vitally
important for esthetic restoration as most ceramic
and composite veneer are thin and translucent
enough to allow for adequate light penetration
through the veneer to completely cure the cement.

Since the color of the resin cement can affect the
overall color reproduction of the samples, RelyX
veneer resin cement which is a translucent resin
cement was selected for this study in order to have
no effect on the final color !V,

A spectrophotometer is used to measure the color
reproduction of the finished samples and compare
its color to the (A3) tab of Vita Classic Shade guide.
A large window size spectrophotometer has been
used in this study for color evaluation because
spectrophotometers with small window size may
cause edge-loss phenomenon which affects the
accuracy of measurements ().

CIE Lab measurements make it possible to
evaluate the amount of perceptible color change
in each specimen. It’s a uniform 3dimensional
color order system. The L*coordinate represents
the lightness-darkness of the specimen where the
greater the L*, The lighter the specimen is. The
a* coordinate expresses the chroma along the red-
green axis where a positive a* relates to the amount
of redness and a negative a* relates to the amount
of greenness of the specimen. The b*coordinate
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measures chroma along the yellow-blue axis where
a positive b* relates to the amount of yellowness
while a negative b* relates to the amount of blueness
of the specimen.

Because the human eye has a limited capacity to
recognize small differences in color. The interpreta-
tion of visual color comparisons is subjective and
the threshold level for visually perceivable or clini-
cally acceptable color differences varies based on
individual report ¥,

Based on a recent clinical study, it was reported
that the perceivable color difference for 50% of the
dentists was AE 2.6 while that at which 50% of the
dentists would go for remake of the restoration due
to color mismatch was 5.5 units. Depending on that
study, mean AE values below 2.6 were considered
“clinically imperceptible”, AE values between 2.6
and 5.5 were considered “clinically acceptable” and
AE values above 5.5 were considered “clinically
unacceptable”.

The results of the present study showed that the
veneering material had significant effect on color
change. Less crystalline content and refractive index
close to that of the matrix in lithium disilicate may
cause less scattering of light and more translucency
which gives higher AE values as more light has been
transferred to peek core material.

A study made by Chu et al ! showed that
higher translucency of lithium disilicate ceramics
in comparison to other types is explained by its
relatively low volume of lithium disilicate crystals
(70%) and their relatively lower refractive index.
And since HIPC and Visio.lign are both nano-filled
composites, this comes in agreement with Perez et
al " who conducted a study to compare the color
masking ability of nano-filled composite to glass
ceramic, They found out that nano filled composite
has higher masking ability than glass ceramics due
to its filler content.
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Also HIPC composite blocks shows a higher
effect on AE values in comparison to Visio.lign
because it is pre-cured. This was in agreement
with a study made by Woo et al 1 who concluded
that in most shades of direct resin composites,
the translucency parameter values decreased,

decreasing the effect of color change.

The results of the present study also showed that
the veneering material thickness had significant
effect on color change. These results were in
agreement with Rasetto et al ” who found a
significant decrease in light transmission and color
change AE with the increase of thickness of ceramic.

Also in agreement with Powers et al '® who
stated that there is an increase in opacity as the
thickness increases for composite resin. This
may be attributed to the effect of light absorption
and scattering characteristics of resin restorative
material of color change as the thickness increases
for composite resin. This may be the effect of light
absorption and scattering characteristics of the resin
restorative material.

Therefore, the
both material and thickness had an effect on final

hypothesiswas accepted as
restoration color. But further studies are needed to
conclude which the best veneering material and
in which thickness is best used with PEEK core
material.

CONCLUSION

Within the limitation of the current study, the
following conclusions can be drawn:

1. The degree of color change of the restoration
materials from their selected shade is influenced
by the thickness of veneering material.

2. Visio.lign has been found to be most suitable
veneering material for veneering of PEEK
among this study.
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