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ABSTRACT

Statement of problem: Veneered polyether ether ketone (PEEK) is a recent alternative choice
for fixed dental prostheses. There is a lack of data about the color stability of veneered CAD/CAM
PEEK crowns using different veneering composite techniques.

Purpose: To verify the effect of thermocycling and different mouth rinses on color stability of
CAD/CAM composite versus conventional nanohybrid composite veneered PEEK crowns.

Methods: Forty-two duplicated epoxy resin dies of prepared mandibular first molar to receive
a ceramic crown were fabricated. 42 CAD/CAM PEEK cores were fabricated and divided into
two groups (n=21) based on the veneering technique; group (C): nanohybrid crea.lign composite
veneered PEEK cores (control) and group (H): HIPC veneered PEEK cores. Each group was
further subdivided based on the mouth rinse into 3 groups (n=7): Listerine-alcohol free, Hexitol and
Distilled Water (control). The color at baseline, after thermocycling equivalent to clinical 6 months
service and 1-week immersion in mouth rinses were measured utilizing a spectrophotometer. The
data were statistically analyzed using ANOVA, pair-wise Tukey’s post-hoc and student t-tests to
reveal the significance between groups (P < 0.05).

Results: All specimens showed visually unperceptible color differences after thermocycling and
immersing in mouth rinses (AE*<3.3). Based on material, C group showed statistically significant
higher color change values than H group. ANOVA test revealed that the highest color change was
for Hexitol followed by Listerine then Distilled Water (p=<0.0001<0.05). Tukey’s post-hoc test
showed a non-significant difference between Hexitol and Listerine. The interaction between the
effect of mouth rinses and type of veneering composite materials was statistically non-significant
for C group (P>0.05) while significant for H group (P<0.05).

Conclusions: Although visually nonperceptible, HIPC or nanohybrid composite veneered
PEEK crowns showed a color difference after thermocycling and immersion in different mouth

rinses.
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INTRODUCTION

Polyether ether ketone (PEEK) is introduced
in the dentistry as a revolutionary material of
choice for fixed and removable prostheses due to
its promising mechanical and biological behaviors
which arise from the chemical composition nature.!
It was found that it met the needed requirements
for the restorative field on the basis of mechanical
stability and bonding to veneering materials.>® The
veneering is a prime concern when restoring with
PEEK material due to its low translucency and
grayish white color that affect the esthetic outcomes
and make its use as a monolithic restorative material
questionable, especially if the intended area is the
esthetic zone.

Oral environment plays a rule in the performance
of the veneering materials through two main path-
ways: the first pathway is the extrinsic coloring of
the consumed food like caffeine, acidic rich products
or mouth rinses where the chemical adhesion results
in their discoloration effect. The second pathway is
the intrinsic factors related to ageing, genetics and
processing moods of placed restorations.*” There-
fore, further investigations on the color stability of
veneered restorations are still needed.

Several tools as spectrophotometers, calorimeters
and digital cameras were used to detect the color.
Spectrophotometric technology is widely used in
dental color studies due to its optimal and accurate
technique for qualitative color analysis.®

To date, according to the authors’ knowledge,
there is a shortage in the available findings about the
color stability performance of CAD/CAM PEEK
substructures veneered with composite resins after
thermocycling and immersion in different mouth
rinse solutions. Therefore, the aim of the study was
to examine the color stability of two differently
manufactured composite resins veneering CAD/
CAM PEEK substructures after their interactions
with thermocycling and different mouth rinses. The
null hypothesis of the current research was that the
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thermocycling and mouth rinses would have no
effect on the color stability of differently veneered
PEEK crowns.

MATERIALS AND METHODS

Sample size calculation

To determine large effect sizes for the main
effects and pair-wise comparisons, sample size was
calculated to be 7 specimens per a tested group that
was large enough. 80% power and 95% confidence
levels were set.

Preparation of specimens

A preparation for an all ceramic crown was
performed to a typodont mandibular first molar
tooth. The preparation guidance included 12° total
convergence angle, 1.0 mm deep chamfer margin
circumferentially, 1.5 mm anatomical occlusal
preparation, 1.5 mm axial preparation and 3.0 mm
preparation height. All sharp points and line angles
were rounded off.” It was then replicated to have
42 dental epoxy resin dies'® to receive two types of
veneered CAD/CAM PEEK crowns. Each prepared
die was scanned using 3D dental scanner (Identica
hybrid; MEDIT corp., Seoul, Korea). Forty-two
cores were designed (exocad Dental CAD; exocad
GmbH, Germany) and milled (K5; vhf camfacture
AG, Germany) from PEEK blanks (breCAM.
BioHPP Discs; Bredent, Senden, Germany, LOT:
400177). The core thickness was set at 0.5 mm,
while the cement space was set at 50 pm. The
cores were then sandblasted (basic Quattro IS;
Renfert, Hilzingen, Germany) using 110 pm ALO,
particles at 0.25 Mpa and 45° direction with 10 mm
distance. After the air abrasion process, the cores
were drowned for 5 minutes into ultrasonic bath
(L&R Transistor Ultrasonic T14, L&R, Kearny,
NY, USA). Afterwards, the PEEK cores were
treated by visiolink (Bredent, Senden, Germany;
LOT: 141432) where a thin coat was applied and
90 seconds polymerization was done (intensity:
220 mW/cm?, Brelux Power Unit; bredent Senden,
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Germany). Then, a thin film application of the
opaquer composite (Opaker combo.lign; shade A3,
bredent, Senden, Germany) was done, followed by
360 seconds polymerization.

The specimens then were grouped into two
groups (n=21/group) in accordance with the veneer-
ing technique: (Group: C) veneered with conven-
tional veneering nanohybrid composite resin, crea.
lign (shade A3, bredent Senden, Germany; Lot No.
130513) as a control group and (Group: H) veneer-
ing with digital CAD/CAM breCAM, HIPC (shade
A3, bredent, Senden, Germany; Lot No. 406700),

For conventional nanohybrid composite resin
veneering group, a mold of transparent silicone
(visio.sil; bredent Senden, Germany) for a waxed
up master crown was made and filled with crea.lign
composite resin. Then, the epoxy resin die with the
attached PEEK core was pressed into the silicone
mold and the polymerization was carried out for
360 seconds. The obtained crown was then polished
(Opal L, Renfert GmbH, Hilzingen, Germany; Lot
No. 520-0001; Abraso Starglanz; bredent, Senden,
Germany).

For the digital veneered group, two scans
(Identica hybrid; MEDIT corp., Seoul, Korea) were
carried out, one for the PEEK core on the epoxy
resin die and one more for the master crown on the
same die which then subtracted from each other
to have the digital veneer design as the thickness
was set at 1.0 mm followed by milling (KS5; vhf
camfacture AG, Germany) from breCAM.HIPC
blanks. The veneers then were dissembled and the
mill connectors were removed. Sandblasting of
each veneer’s inner surface was done (basic Quattro
IS; Renfert, Hilzingen, Germany) using ALO,
powder of 110 pum particles size at 0.25 MPa, a 45°
angle and 10 mm distance, and later immersed for
5 minutes in an ultrasonic bath (L&R Transistor
Ultrasonic T14, L&R, Kearny, NY, USA). After
the inner surface was dried, visio.link (bredent,
Senden, Germany; LOT: 141432) was applied and
let to polymerize for 90 seconds. The manufactured
cores were placed on their corresponding epoxy
resin dies. The veneers were filled with combo.
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lign (shade A3, bredent Senden, Germany; Lot No.
132420) before pressing them on the cores utilizing
a device delivering a uniform load of 5 kg (49 N) for
10 minutes. Then, 180 seconds of polymerization
was performed with 220 mW/cm? (brelux Power
Unit; bredent Senden, Germany). Each crown was
then polished after removing the excess as same as
described previously.

Color Stability Determination

Baseline color measurements

For each specimen, a baseline color was
measured utilizing a reflective spectrophotometer
(X-Rite, model RM200QC, Neu-Isenburg,
Germany). 4 mm aperture size was set with
exactly aligned specimen to centralize the device
measurement tip in relation to the tested specimen
where a white background and standard illuminant
D65 were selected. The measurements were based
on Commission Internationale de 1’Eclairage (CIE)
L* a* b* color space mathematic coordinates which
are for lightness/luminosity, namely white-black
(L*), redness-green (a*), and yellowness-blueness
(b*). Three labial surface readings were taken and
the average L*, a*, and b* values were calculated
and tabulated as measurements of the baseline color.

Thermocycling

All tested specimens were thermocycled in a
thermocycling machine (MPC, ElQuip, Sao Carlos,
SP, Brazil) for 5000 thermocycles equivalent to 6
months clinical service."' Each cycle consisted of
5°C and 55°C water baths, 30 seconds dwell time
and 7 seconds transfer time.

Post-thermocycling color measurements

Using the identical spectrophotometer and
conditions, the color measurements were recorded as
described for the baseline measurements. AE_ , .=
(AL*? + Aa*? + Ab*?)” was the used formula to
calculate the color change (AE*) between the two
color positions (after thermocycling and baseline)
in 3D L*a*b* color space.'?
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TABLE (1) Chemical compositions of the mouth rinses.

Mouth rinse Manufacturer Chemical composition pH
Listerine Zero Johnson & Johnson Limited, Eucalyptol, Thymol, Menthol, Sodium lauryl Sulfate, 3.7
Mouthwash Maidenhead, SL6 3UG, UK Aroma, Benzoic Acid, Methyl Salicylate, Poloxamer
Mild Mint 407, Propylene Glycol, Sodium Benzoate, Sodium,
Saccharin, Sorbitol, Sucralose, Water, C1 42053, Sodium
Fluoride (0.0220%)
Hexitol Arab Drug Company 125mg/100ml chlorhexidine HCI, Glycerin, Propylene 5.8
(ADCO), Cairo, Egypt Glycol, Alcohol 96%, Anise Oil, Peppermint Red,
Cremophor, RH 40, Purified Water.
Distilled Water 6.7

Mouth rinse solutions

Three mouthrinse solutions were used in this study
(table 1): group 1 (Listerine Zero Mouthwash Mild
Mint; Johnson & Johnson Limited, Maidenhead,
SL6 3UG, UK), group 2 (Hexitol; Chlorhexidine
HCL 125mg/100 ml, Arab drug company, Cairo,
Egypt) and group 3 (Distilled Water-control). To
stimulate the oral cavity conditions, each mouth
rinse was kept in a dark environment at 37°C + 1°C.
During the whole study time (one week), the mouth
rinse solutions were changed every 12 hours. After
7 days of crowns’ immersing, the distilled water
was used to rinse specimens for 5 minutes, and then
a tooth paste (Colgate-Palmolive Arabia L.T.D,
Damam, KSA) and a soft brush (Oral-B, Procter &
Gamble UK, Weybridge, Surrey, KT13 0XP, UK)
were used to gently brush the specimens for 15
seconds. Finally, the specimens were dried using
tissue papers before the third color measurement.

Post-mouth rinses immersion color measurements

The same protocol of the baseline color
measurement was used. The color change (AE*)
between the two-color positions (after one-week
storage and baseline) in 3D L*a*b* color space was
calculated."” Clinically unacceptable color change
would be >3.3.1°

Statistical analysis

Mean and standard deviations were used to
express the variables. After confirming the homo-
geneity of variance and the normal distribution of
errors, two-way analysis of variance ANOVA was
performed. One-way ANOVA test was utilized for
comparison among different mouth rinse subgroups
followed by Tukey’s pairwise (if ANOVA showed a
significance) and student t-test for comparison be-
tween the material groups interactions. The statisti-
cal significance was considered at a value of P<0.05
with 80% power and 95% confidence levels. The
received data were analyzed using a software for
windows (GraphPad Instat 3.1; GraphPad Software,
CA,USA).

RESULTS

Color change after thermocycling

As a function of thermocycling, C group showed
statistically a non-significant higher change mean
value (0.98+0.16 AE) than H group (0.93+0.182
AE) as revealed by t-test (p=0.4045> 0.05) in
table (2).
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TABLE (2) Color change results (Mean+SD) for
crea.lign and HIPC veneered PEEK crown
groups as a function of thermocycling
from baseline.

Color change (AE) Statisti
: atistics
Material  fter thermocycling
group
Mean+SD t-value P value
C group 0.98+0.16 0.85 0.4045 ns
H group 0.93+0.18

ns: non-significant.

Color changes after mouth rinses immersion

As function of mouth rinse solutions in C
group, Listerine subgroup (Group: C1) recorded
the highest color change mean values followed by
Hexitol subgroup (Group: C2), while the lowest
color change mean values were for Distilled Water
immersed subgroup (Group: C3). The difference
between mouth rinses groups was statistically non-
significant as indicated by one-way ANOVA test
(p=0.1439>0.05) as shown in table (3).

While in H group, Hexitol subgroups (Group:
H2) recorded the highest color change mean
values followed by Listerine subgroup (Group:
H1), while the lowest color change mean values
were for Distilled Water subgroup (Group: H3).
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The difference between mouth rinse groups was
statistically significant as revealed by one-way
ANOVA followed by pair-wise Tukey’s post-hoc
tests (p=<0.0001<0.05) as shown in table (3).

C group versus H group

H group recorded statistically a non-significant
higher color change mean value than C group
after immersion in Hexitol as proved by student
t-test (p=0.6291>0.05). While C group recorded
statistically a significant higher color change mean
value than H group after immersion in Listerine or
Distilled Water as demonstrated by student t-test
(p=0.0476<0.05) (p=<0.0001<0.05).

Regardless of mouth rinse solution, C group
showed statistically a significant higher color
change mean value than H group as indicated by
two-way ANOVA test (p=<0.0001<0.05).

Irrespective of material group, Hexitol subgroups
recorded the highest color change mean values
followed by Listerine subgroups while the lowest
color change mean values were for Distilled Water
subgroups. The difference between material groups
was statistically significant as revealed by two-way
ANOVA test (p=<0.0001< 0.05). Pair-wise Tukey’s
post-hoc test showed a non-significant difference
between Hexitol and Listerine subgroups.

TABLE (3) Color change results (Mean+SD) for crea.lign and HIPC veneered PEEK crown groups as a

function of different mouth rinse solutions.

Mouth rinse solution (AE) ANOVA
Material group
Hexitol Listerine Distilled Water P value

Mean 1.26% 1.334 1.124

C group 0.1439 ns
SD 0.17 0.24 0.13
Mean 1.30* 1.18 0.90¢

H group <0.0001*
SD 0.14 0.12 0.14

Student t-test P value 0.6291 ns 0.0476* <0.0001%*

letters in the same row indicating significant (P<0.05).

*: significant (P<0.05). ns: non-significant.
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DISCUSSION

Due to the low translucency and grayish white
color of PEEK which affect the esthetic outcomes
and make its use as a monolithic restorative material
questionable, using additional resin composite
as a veneering layer is required. In addition,
unanticipated color stability and susceptibleness
to staining are two dominant obstacles for esthetic
restorations. Therefore, several researches aiming
to improve the materials and fabrication techniques
were carried out.

Composite build up can be achieved by ready-
made veneers (eg: visio.lign), manual layering (eg;
crea.lign paste), or CAD/CAM veneering composite
(eg; HIPC composite blanks).

Hence the lighter shades of composites were
found to be more subjected to color change,'* a
universal shade A3 for the two veneering composite
resin materials was selected. It was evidenced that
composites tended to be significantly stained within
the first week of exposure to staining solutions.'>-!¢
Therefore, 7 days immersion period was chosen.

Spectrophotometry  was used for color
measurement in the current study.'”*! Many studies
demonstrated the instrumental reliability of the
device.'®19222 The accuracy of color measurement
for translucent composites using an opaque
standard for evaluation is not justified and the
results theoretically could include bias. However,
many researches have used this approach.?'*®
White background was used in the present study
as it has been utilized extensively as an approved
background.”®?' In contrast, Ardu et al found
that black backgrounds could be used as optimal

backgrounds in comparison to grey and white ones.*’

The CIELAB system was used in this study, hence
color change was calculated by a special formula
using the difference in L*, a*, b* values.!*20313
It is important to differentiate between the color

perception by the human eyes and the statistically
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accepted color difference, hence it is known that
AE below 1.1 is unperidectable by human eyes,
while being above 3.3 is considered clinically

unacceptable 193334

The null hypothesis of this study was accepted as
thermocycling and different mouth rinse solutions
had no negative effect on the color stability of the
used veneering composite materials. The tested
veneering composites in this study displayed
acceptable color stability after thermocycling and
after immersion in different mouth rinse solutions
(AE*<3.3).

Thermocycling was performed to simulate the
oral condition as Ferracane et al declared that com-
posites when subjected to oral environment showed
degradation of the outer surface and subsurface of
the material, leading to microfractures, which create
easier pathways for the staining substances to pen-
etrate. 3¢ In the current study, thermocycling had
a non-significant color change between two tested
groups which was not precipitable (AE*<3.3). This
was in accordance with Lee et al who concluded
that the color change after thermocycling was neg-
ligible (AE*=0.4-1.3).3* However, Hahnel et al
mentioned that the artificial ageing had a significant
negative effect on dental composite properties.”
They also stated that the ageing time was more criti-
cal than the ageing medium.*

For the CAD/CAM composite resin, it was
shown that it had more resistance to staining with all
mouth rinse solutions in comparison to nanohybrid
composite, this explained by its processing and
polymerization procedure during manufacturing and
its greater crosslinking which decreased the porosity
defects and the homogenous polymerization during
the industrial phase.***> On the other hand, Arocha
et al noted a higher stainability of CAD/CAM
composite resins when compared with laboratory
processed ones.** Also the same results were found
in other study evaluating CAD/CAM processed
composites versus direct composites.*’ Furthermore,
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the poor aesthetic and mechanical properties of the
CAD/CAM processed composites were reported.**#°

of the mouth rinse solution,

nanohybrid veneering composite (C group) recorded

Regardless

significantly a higher color change value than HIPC
(H group) and this could be explained by different
material compositions, but it was still unperceivable
clinically (AE*<3.3). Crea.lign is 50% nanoceramic
filler composite structure that is considered to
provide the optimal stability as ceramic materials
do not exhibit any water absorption and, therefore,
no dye molecules can penetrate into the surface.*'??
As crealign is a nanohybrid composite, it was
supposed to be more resistant to water sorption by
incorporated nanoparticles where composites with
larger filler particles are more susceptible to water
sorption as well as the effect of coloring agents
on the bond quality between the matrix and filler
can cause discoloration.* In addition, it was found
that the performance of composites in the aquas
environment like oral cavity or mouth rinse solutions
is depending on the filler particles distributions in
the polymer network as the uniform distribution
of such fillers that were supposed to be better for
nanohybrid composites minimizes the filler rich and
filler depleted areas within the composites which
decreases the voids or the spaces of nonbonding
at the filler/matrix interface and this decreases
the water sorption and increases the discoloration
resistance.*’8

However, the staining susceptibility of crea.lign
composite might be related to the filler, resin and
staining agent types.?® This was in agreement with
other study that found a higher color difference
for nanocomposites than microhybrid ones after
staining.* Also, less color change with increased
particle size was reported as the of organic filler/
matrix proportion decreased.”

Water absorption may be a sign of color
change of composite resins as the degree of water
absorption of composite materials is directly
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affecting their response to accept staining.?' In
addition, the hydrophobic or hydrophilic nature
of the resin matrix determines the degree of
the stainability. It was found that hydrophilic
materials are more susceptible to discoloration than
hydrophobic materials when immersed in coloring
solution.* Also, the chemical composition of the
consumed food has a prime concern as it contains
water soluble pigments that can be also absorbed by
composite resins of hydrophilic resin matrix leading
to composite discoloration.23%132930  Moreover,
the resinous matrix composition affects the water
sorption of the composite resins.?'*° Previous studies
evidenced a noticeable increase of the water uptake
in bisphenol A-glycidyl methacrylate (bisGMA)
based resins from 3-6% when compared to
triethylen glycol dimethacrylate (TEGDMA) which
increases from 0-1%.* It was also reported that
urethane-dimethacrylate (UDMA) based composite
resins showed better staining resistance and less
water sorption under normal curing conditions, than
other dimethacrylates in their resin matrix.>'** Since
the matrix of CAD/CAM composites is based on
UDMA and TEGDMA, while the matrix of direct
and indirect composites is based on BisGMA that
results in their higher water sorption allowing
the water and hydrophilic colorants to penetrate
the resin matrix and explains the findings in this

53,54

study.

Chlorhexidine  (CHX)
discoloration effect on oral tissues and dental

has recorded a
restorations, this effect is exaggerated when
combined with dietary factors.”® In the current study,
Hexitol showed unpreciptible color changes. This
was in agreement with Lee et al who declared that the
color difference values were within the acceptable
range for the evaluated esthetic restorative materials
after immersion in mouth rinses (AE*<3.3).°° It was
also noted by Fay et al that chlorhexidine and water
did not promote perceivable color changes.”” On
the other hand, several previous studies reported
a perceptible discoloration of composite resins by
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CHX (AE>3.3).%%% The reported higher staining of
the specimens in the those studies compared to this
research might be assigned to the immersion duration
in CHX, CHX concentration, and different tested
restorative materials. For H group, Hexitol showed
statistically significant color change, this might be
due to the alcohol concentration in the mouth rinse
that affects the composite microhardness and leads
to the discoloration.

In this study, despite the low pH of alcohol-free
Listerine (pH=3.7), it showed greater discoloration
than other mouth rinses with crea.lign composite.
This could be explained by the effect of low pH of
solution on the roughness of the composite resins
that cause discoloration.® This was in agreement
with Giirgan et al who stated alcohol-containing and
alcohol-free mouth rinses could have an influence
on the hardness of composite materials." This
means more surface roughness that might lead to
discoloration. While it was not found a correlation
between pH and discoloration of HIPC composite,
which is in accordance with the findings of Diab et
al, who reported that the pH of test solutions did
not have an effect on discoloration of restorative
materials.%

In the current study, after immersion in Distilled
Water, no perceptible color change was found with
both composite resins but lower than was obtained
by chlorohexidine and Listerine. This was not in
agreement with Lee et al and Giirdal et al who found
more color change after immersion in distilled water
than that obtained with chlorhexidine-containing
and other mouthrinses. %

One of the limitations of the current study is
the in vitro testing, where some extent intraoral
simulation was carried out focusing on the individual
discoloration effects of each rinse. Many other
factors can affect color where being emphasized

such
65-68

that they were isolated or associated,
aspresence of saliva, poor prosthesis cleaning,
oral environment particles , fabrication technique

effect on material porosity,””’' material surface
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flaws, " and surface polishing may affect the
color stability of composite resins.”> In addition,
interference between the illuminant and the color
sensor of the spectrophotometer leads to edge loss
error.”! Further in vivo studies for better correlation
with the clinical setting should be carried out. The
chemical interactions between coloring agents and
composite resins should be also evaluated.

CONCLUSIONS

There were color changes in tested HIPC and
nanohybrid composite veneered PEEK crowns after
thermocycling and immersion in different mouth
resin solutions. However, the color difference was
within the clinically acceptable range (AE*<3.3).
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