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Do mouthwashes affect the optical s

properties of resin cement?

Nazire Nurdan Cakir Kilin¢' and Pinar Yildiz*”

Abstract

Objectives The objective of this study was to evaluate the effect of mouthwashes on the optical properties of resin
cement.

Materials and methods One hundred and 60 resin cement discs (6x2mm) were produced from 4 different brands
of resin cement (Panavia V5, Estecem I, RelyX Veneer, NX3) with the help of a Teflon mould. The discs were divided
into 4 subgroups, 1 of which served as the control group, to be immersed in mouthwashes after measuring the initial
L, a, and b values on white and black backgrounds. Colour measurements were repeated after the 1st and 7th days.
The collected data were used to calculate the AE, value to measure colour stability, the translucency parameter
(TPyo), and the contrast ratio parameter (CR) to compare translucency change. Data were statistically analysed using
mixed-design analysis of ANOVA and the Bonferroni-Dunn test. Repeated measures ANOVA was used for dependent
results (a=0.05).

Results On the AE, TPy, and CR parameters; the joint effect of resin groups, mouthwash groups, and measurement
times were found to be statistically significant. The AE,, (colour difference) parameter; the joint effect of resin groups,
mouthwash groups, and measurement times was found to be statistically significant. The TP,,; the joint effect of resin
groups, mouthwash groups, and measurement times were found to be statistically significant. The CR parameter;

the joint effect of resin groups, mouthwash groups, and measurement times was found to be statistically significant.
In the Estecem Il (Tokuyama) group, the means of Listerine Cool Mint (Johnson & Johnson) was above acceptable
limits in both time periods. In the Panavia V5 (Kuraray Noritake) group, the color change was above acceptable limits
in all time periods and in all mouthwash groups. Among the resin materials used, Estecem Il (Tokuyama) shows

the most color change. Listerine Cool Mint (Johnson & Johnson) caused more color change than other mouthwashes
at all times.

Conclusions Within the limitations of this study; the colour stability and translucency value of resin cement depend
on both the resin cement content and the mouthwash. Long-term use of mouthwash may adversely affect the opti-
cal properties of the resin cement.

Clinical relevance Clinicians should take into account the fact that mouthwash use and the composition of the resin
cement employed will have an impact on the colour of laminate veneers.
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With the developments in ceramic technology in lami-
nate veneers, which provide more conservative tooth prep-
aration, thinner and more translucent restorations can be
produced. With existing ceramic materials, the thickness
of laminate veneers can vary between 0.3 and 0.7 mm. Fac-
tors that affect the aesthetics of veneer restorations include
the underlying tooth structure, the translucency, and opac-
ity of the ceramic material used, the colour of the luting
cement, and the colour of the veneer [1].

Although there is no consensus in the literature
regarding the colour stability of the final restoration,
the colour and translucency of the resin cement used
affect the final colour of the laminate veneer after
cementation [2].

Translucency is one of the important factors in ensur-
ing the colour equality of natural teeth with restorative
materials [3]. Translucency is defined as “the property of
a material in which a large part of the transmitted light is
scattered” [3]. Additionally, translucency can be defined as
a state of partial opacity, or between full opacity and full
transparency, where the material allows the appearance of
the background as a result of the passage of light [4]. Higher
values for TP, represent greater translucency of the mate-
rial; if the material is completely opaque, the value of this
parameter is zero [5]. Translucency in aesthetic restora-
tive materials affects colour harmony with neighbouring or
adjacent teeth or restorations as well as the depth of colour
in restorations. Commission Internationale de L’Eclairage
(CIE) colour coordinates and CIE standard illuminants are
frequently employed for optical property measurements
[6]. Two indices, such as the translucency parameter (TP)
and contrast ratio (CR), have been frequently employed to
determine translucency [7, 8].

Translucency impacts colour-matching with neigh-
bouring or adjacent teeth or restorations as well as the
depth of colour in restorations. Poor shade mixing of
opaque restorative materials at the tooth interface may
affect the optical performance of restorations [9].

Other optical properties evaluated in resin-based
materials are opalescence and fluorescence param-
eters. When light reflects off the restorative material, it
should appear blueish, and when light passes through it,
it should appear orange. Opalescence is a phenomenon
that is crucial for accurately replicating the actual struc-
ture of enamel. The opalescence parameter (OP) controls
it [10]. Natural teeth seem whiter and brighter in daylight
because they glow blue under ultraviolet (UV) light. The
emission of light by healthy teeth that have absorbed
light is known as fluorescence. Using a spectrophotom-
eter, it is possible to evaluate whether dental materials are
fluorescent by comparing their color in the presence and
absence of UV radiation. This data is called the fluores-
cence parameter [11].
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For a long time ensuring colour harmony and aesthet-
ics in restoration and maintaining this harmony has been
one of the most important success criterion. The percep-
tible discolouration of resin-based materials can cause
patient dissatisfaction and the need to renew the restora-
tion, thus resulting in additional treatment costs.

Colour changes in resin-based materials are related to
their chemical structure or to external factors to which
they are exposed. The colouring of resin-based materi-
als depends on many factors, including intrinsic and the
extrinsic colouration factors. In term of internal colour
changes; there is a correlation between colour stability
and the degree of conversion. The oxidation of unreacted
amines from the aromatic tertiary amines involved in the
curing reaction of polymerized materials is the main cause
of the internal colouration of the restoration. These amines
are used in large amounts in order to chemically cure resin-
based materials while light-curing resin-based materials are
in smaller amounts. However, incompletely polymerized
resin-based materials are more susceptible to colouration.
With regard to water solubility and water absorption; they
cause swelling, plasticization and softening oxidation, and
hydrolysis of the resin matrix. As a result, colour stability
decreases, and sensitivity to colouration increases [12, 13].

External colour changes occur either on the surface or
at the edges of the restoration and may occur as a result
of insufficient polymerization, incorrect finishing and
polishing, poor oral hygiene, and consumption of colour-
ing substances such as tea, coffee, and cigarettes [14—16].

Mouthwashes contain water, antimicrobial agents, colour-
ing agents, salts, preservatives, and sometimes alcohol in
their structure and have different pHs according to the dif-
ferences in their concentrations; In addition to preventing
caries, they are widely used in terms of reducing bad breath,
protecting periodontal health and providing a fresh breath
[17]. However, they can have harmful effects on restorative
materials depending on their pH as influenced by; active
ingredients, and alcohol concentration. The low pH value of
mouthwashes plays a key role in this mechanism [18].

It is stated that mouthwashes used for controlling
intraoral infection and which provide antimicrobial
activity may cause external discolouration of dental tis-
sues and dental restorations [19]. Nowadays, with the
increase in the use of very thin laminate veneers, the
resin cement used has become very important in deter-
mining the final colour of the restoration, and colour sta-
bility may be affected by mouthwashes. In the literature,
there are studies investigating the effects of mouthwash
on resin-based materials, but no studies investigating the
effects on resin cement discolouration have been found.
Therefore, the aim of this study is to evaluate the effect
of different mouthwashes on the optical properties of dif-
ferent types of resin cement. The initial hypothesis tested
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was that different mouthwashes would not make a differ-
ence in the colour stabilization and the optical properties
of different types of resin cement.

Materials and methods

This in vitro experimental study consisted of a consid-
eration of 4 resin cement groups; (Panavia V5 (Kuraray
Noritake, Okayama, Japan), Estecem II (Tokuyama, Den-
tal Corp., Tokyo, Japan) RelyX veneer (3M ESPE, St.
Paul, USA), NX3 (Kerr, Corp., CA, USA) and 4 mouth-
wash groups 1 of which was the control group; (Con-
trol, Kloroben (Drogsan, Ankara, Turkey) Listerine Cool
Mint (Johnson & Johnson, New Brunswick, N.J.) (Lister-
ine CM), Listerine Total Care (Johnson & Johnson, New
Brunswick, N.]J.) (Listerine TC)). The materials used and
their contents are shown in Table 1.

Specimen preparation

For the study, a total of 40 resin cement discs, 10 from
each group, were obtained. The disc-shaped specimens
were 6mm in diameter and 2mm thick. The samples
were produced with the help of Teflon moulds placed
between two sheets of glass. Dual polymerized resin
cement was placed into Teflon moulds on the glass using
their own mixing tips, while the light-cured resin cement
was placed directly into the Teflon moulds on the glass
and compressed between another sheet of glass placed
on top of it. Light pressure was applied to the mould,
which was compressed between two cement glasses, and
a smooth surface was obtained by overflowing the excess
material. All samples were polymerized for 20seconds
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with an LED light device (Valo LED, Ultradent Products,
South Jordan, USA) at a light intensity of 1000 mW / cm?.
To standardize the distance between the sample and the
light device, the light device was kept in contact with the
glass placed on the samples. The prepared samples were
kept in distilled water at 37°C for 24 hours.

Spectrophotometer measurements

The initial colour L, and, a, and b values of the samples were
measured with the help of a spectrophotometer (Spectro-
shade Micro, MHT Optic Research AG, Goteborg, Switzer-
land). Measurements were made by a single researcher on a
white background (L, a,, b,,) and a black background (L,
ay, by,) after the calibration of the device according to the
company instructions, at a certain time of the day and in
daylight. To prevent light from entering the samples from
the environment, a silicone model compatible with the
spectrophotometer was prepared around the samples. The
model was placed on a flat surface. Measurements were
made by touching the spectrophotometer to the model
and positioning it vertically. Three L, a, and b values were
measured from each sample’s entire surface area, and the
average was accepted as the starting value. Afterward, the
resin cement samples were kept in two different types of
mouthwash Listerine Cool Mint (Johnson & Johnson) and,
Listerine Total Care (Johnson & Johnson) and 1 antiseptic
mouthwash (Kloroben, Drogsan) and distilled water for
1day, each of which was prepared in 20mL volume on the
digital rotator (DSR-D-N1, Digisystem Laboratory Instu-
ments Inc., New Taipei City, Taiwan). After the waiting
process, the samples were washed with pressurized water

Table 1 Resin cements used in the study, polymerization type, color, composition and lot number

Resin cement Manufacturer

Polymerization Type Colour

Composition Lot Number

Panavia v5 Kuraray Noritake, Okyama, Japan Dual Cure

Estecem |l Tokuyama Dental Corp. Tokyo, Dual Cure

Japan

RelyX veneer 3 M ESPE, St.Paul, USA Light Cure

NX3 KERR CORP, CA,USA Light Cure

Clear Bis-GMA, TEGDMA, Hydrophobic AQ0025
aromatic dimethacrylate, hydro-

philic aliphatic dimethacrylate,

Initiators, Accelerators, Silanated

barium glass filler, Silanated fluoro-
aluminosilicate glass filler, Colloidal

silica, Silanated aluminium oxide

filler, dl Camphorquinone, Pig-

ments

Bis-GMA, TEGDMA, Bis-MPEPP,
silica-zirconia filler (74 wt%), cam-
phorquinone

Bis-GMA,TEGDMA, zirconia/silica
filler.

Uncured methacrylate ester
monomers, inert mineral fill-

ers, activators and stabilizers,

and radiopaque agent glycerine,
water, fumed silica and inert glass
powder, gelatin.

Universal 037E49

Al-light yellow shade NA28673

Clear 7,287,052

Bis-GMA, bis-phenol A diglycidylmethacrylate; TEGDMA, triethyleneglycoldimethacrylate; Bis-MPEPP, Bisphenol A polyethoxymethacrylate
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for 3minutes and removed from the solutions. Then, the
colour measurements of the samples were then repeated
as at the initial stage, and the colour change (AE,) values
were calculated. The solutions of all samples were changed
on a daily basis and the samples were kept in solutions for
7 days on the digital rotator. Continuous mouthwash expo-
sure for 12hours has been reported to be equivalent to
1year of daily use (1 minute twice a day) by patients [20]. In
this study, rinsing the samples in mouthwash for 1day sim-
ulated 2years of use, and rinsing in mouthwash for 7days
simulated 14years of use. In this study, as stated by Para-
vina et al. [21], the clinically perceptibile/ acceptable limit
was accepted as AE,,=0.8/1.8.

Colour stability (AE,) were calculated according to the
CIEDE2000 formulation as follows [22].
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set to 1 in this study. Discontinuities resulting from mean
hue computation and hue-difference computation, both of
which were identified and described by Sharma et al. [23],
were taken into consideration when computing utilizing
the CIEDE2000 colour difference formula.

The change in translucency that occurred at the end of
the 1st day and the 7th day was calculated using the following
formulaes.

ATP; = TPyyl — TPyo0

ATP7; = TPog7 — TPo0

In this study, the accepted perceptibility threshold was
0.62 and the acceptability threshold was 2.62 for ATP
(translucency changing value) [24].

N Y 2+ AC’ 2+ AH' 2+R AC’ AH'
0= K;Sp KcSc KySy T KcSc KySy

with this formula, the CIELAB values were converted into
CIEDE2000 L, C” (chroma), and h” (hue) values. Based
on the CIEDE2000 uniform colour space, AL, AC’, and
AH’ are estimated as metric differences between the sam-
ples’ corresponding values. To correct (weight) the metric
differences to the CIEDE2000 differences for each coor-
dinate, three empirical terms were used: KLSL, KCSC,
and KHSH. RT stands for the rotation function, that is,
the interaction between chroma and hue differences in
the blue region. The parametric factors of the CIEDE2000
colour difference formula were set to in this study.

The translucency parameter (TP,;) was calculated with
the same formula from the data measured on white and
black backgrounds [23].

The translucency parameter (TP,,) was additionally
calculated using the CIEDE2000 colour difference for-
mula as follows:

Lw and Lj coordinate values measured on white and
black background were used to calculate the luminance
as follows (Yn is equal to 100):

3
vy — (L + 16) XY,
116
The property known as CR assesses the transpar-
ency or opacity of materials by dividing the specimen’s
reflectance against a black background by its reflectance
against a white background [9]. The Contrast Ratio (CR)

was calculated using the Y values of samples recorded on
white (Yw) and black (Yb) backgrounds as follows:

Y,
CR=-L
Yw

Lig — Ly 2 Crg —Cr 2 Hrg — H/ 2 Crg—Cr Hrg — H/
TPoo = 2 B w n B w n B w + Ry B w B w
K; Sy KcSc KySy KcSc KySy

The subscripts “B” and “W” in this formula represent the
specimens’ lightness (L), chroma (C), and hue (H") over
the black and white backgrounds, respectively. The rotation
function (RT) explains how chroma and hue differences
interact in the blue region. The parametric factors KL, KC,
and KH are correction terms for the experimental condi-
tions, while the weighting functions SL, SC, and SH adjust
the total colour difference to account for variation in the
placement of the colour difference specimen over the B and
W backgrounds in L, a, and b coordinates. The parametric
factors of the CIEDE2000 colour difference formula were

Statistical analysis

The SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statis-
tics for Windows, Version 25.0. Armonk, NY: IBM Corp.)
statistical package program was used to evaluate the data.
The study was given descriptive statistics (mean, stand-
ard deviation, number, and percentile) for categorical and
continuous variables. In addition, the homogeneity of
the variances, one of the prerequisites of the parametric
tests, was checked using the “Levene” test. The normal-
ity assumption was checked using the “Shapiro-Wilk”
test. For repeated tests, the sphericity assumption was
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checked with the use of the “Mauchly” test and when the
sphericity assumption was met, the “Sphericity Assumed”
test was applied. For cases where the sphericity assump-
tion was not met, the epsilon value was evaluated, and
the “Huynh-Feldt” test was used for cases where it was
greater than 0.75 and the “Greenhouse Geisser” test for
cases where it was smaller was used for evaluation pur-
poses. In our analysis, mixed-design analysis of variance
and the “Bonferroni-Dunn” test, one of the multiple com-
parison tests, and the “Bonferroni-Dunn” test over time
were used to make an overall assessment between resin
groups, mouthwash groups, and repeated measurements.
One-way ANOVA was used to compare more than two
independent groups in one-way evaluations, and analysis
of variance was used for repeated measures to compare
more than two dependent groups. A significance level of
a=0.05 was considered.

Result

When Table 2 is examined, the TP, parameter, CR
parameter, and AE,, (colour stability) parameter; and
the joint effect of resin groups, mouthwash groups, and
measurement times were found to be statistically signifi-
cant. A large level effect was detected for the difference
between the obtained means. It was seen that the 0.999
power obtained for the AE, parameter and TP, param-
eters of 160 samples were above the desired level. Simi-
larly, the 0.998 power obtained for the CR parameter of
160 samples was above the desired level. The effects of
resin groups, mouthwash groups, and measurement
times on the TP, CR, and AE are examined in detail in
Tables 3, 4 and 5.

TPy, parameter results (Fig. 1)

While the measurement taken at T1 time in the Kloro-
ben (Drogsan) group had a lower TP, average than the
measurements taken at TO and T7 times, the measure-
ment taken at T1 time in the Listerine TC (Johnson
& Johnson) group had a higher TPy, mean than the
measurements taken at TO and T7 times. The mean of
the Control group at TO time was lower than that of
the Kloroben (Drogsan) group. At T1, the mean of the

Table 2 Evaluation of the joint effects of resin groups, mouthwash
groups and measurement times (n=160)

Resin x Mouthwash x Time

F+ p n2 Post Power
TPy 4702 0,001 * 0,227 0,999
CR 2783 0,001 * 0,148 0,998
AEy, 9201 0,001 * 0,365 0,999

*p <0.05; Mixed Order Analysis of Variance (F+); Effect Size (n2)
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Control and Kloroben (Drogsan) groups was lower than
that of the Listerine TC (Johnson & Johnson) group
(F=2.847; F=4.319) (Table 3).

In the Estecem II (Tokuyama) and RelyX veneer (3M
ESPE) groups, the Listerine CM (Johnson & Johnson)
group showed statistically significant differences at all
three measurement times (F*=10.213, F*=14.043).
There was no significant difference in the measure-
ment times in terms of the mouthwash groups (p >0.05)
(Table 3).

In the NX3 (Kerr) group, the control, Listerine CM
(Johnson & Johnson), and Listerine TC (Johnson &
Johnson) groups differed significantly statistically at
all three measurement times (F*=19.551; F*=7.717;
F*=12.667) (Table 3).

The translucency change value (ATP,) was observed
to be above acceptable limits in the T7 time period in
the NX3 (Kerr) group in control. In addition, ATP,
were calculated over multiple time periods in the NX3
(Kerr) group and was shown to be above perceptible
limits in the mouthwash group. ATP,, was observed
to be above the perceptible limit in the Panavia V5
(Kuraray Noritake) group in the Kloroben (Drogsan)
and Listerine TC (Johnson & Johnson) groups in the T1
time period and in the control and Listerine TC (John-
son & Johnson) groups in the T7 time period. In the
Estecem II (Tokuyama) group, ATP,, were above per-
ceptible limits with regard to the Kloroben (Drogsan)
and Listerine CM (Johnson & Johnson) groups in both
time periods. In the Rely X veneer (3 M ESPE) group, a
result above the perceptible limit was observed only in
the Listerine CM (Johnson & Johnson) group at the T7
time period (Table 3).

CR parameter results (Fig. 2)

In the Panavia V5 (Kuraray Noritake) group, there was
a statistically difference between mouthwashes only in
the T1 time. At T1 time, the mean of the Control and
Kloroben (Drogsan) groups were higher than those of
the Listerine CM (Johnson & Johnson) and Listerine TC
(Johnson & Johnson) groups (F=5.829) (Table 4).

Kloroben (Drogsan) and Listerine CM (Johnson &
Johnson) groups in the Estecem II (Tokuyama) group
showed statistically significant differences in CR
parameter at the three measurement times (F*=5.149;
F*=7.203).

In the RelyX veneer (3M ESPE) group, the means of the
mouthwash groups did not differ significantly statistically
at the three measurement times (p >0.05) (Table 4).

In the NX3 (Kerr) group, the Control, Listerine TC
(Johnson & Johnson), and Listerine CM (Johnson &
Johnson) groups differed significantly statistically at
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Table 4 Comparison results for CR measurement
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CR Mouthwash Test Statistics °
Control Kloroben ListerineCM ListerineTC
TO PanaviaV5  0,40+0,02 % 0,38+0,03 ¢ 0,39+0,01 % 0,39+0,01 % F=2106 p=0,102
2
n°=0,042
Estecemll  0,61+0,01% 0,60+0,02° 0,60+0,02° 060+0,01° F=0,798 p= 0,497
' =0016
RelyX veneer 0,59+0,01 % 0,59+0,02° 0,58+0,01 > 0,58+0,01 > F=1122p=0,342
n’ =0,023
NX3 0,33+0,02' 034+0,02' 0,34+0,03’ 033+0,02' F=0380p=0,768
n’ = 0,008
Test Statistics F=584,599 F=562,833 F=539,818 F= 559,87
(TO-Resin) p=0,001 p=0,001 p=0,001 p=0,001
n?=0,924 n?=0,921 n?=0,918 n?=0,921
T PanaviaV5 ~ 040+0,02°¢ 040+0,01°¢ 0,38+0,02" 03740017 F=5829 p=0,001
n?=0,108
Estecem Il 0,62+0,01% 0,61+0,02°¢ 0,62+0,02¢ 0,60+0,01 % F=2364p=0074
2
n°=0,047
RelyX veneer 0,59+0,01 % 0,60+0,01 % 0,58+0,01°¢ 0,59+0,01°¢ F=1155p=0329
n’ =0,023
NX3 0,35+0,039 03440029 0,32+0,02' 0324003’ F=8280p=0,001
n?=0,147
Test Statistics F=547,021 F=562,575 F=671,384 F=637,044
(T1-Resin) p=0,001 p=0,001 p=0,001 p=0,001
n?=0,919 n?=0,921 n?=0,933 n?=0,930
T7 PanaviaV5  0,40+0,02 0,38+0,02 0,38+£0,04 ¢ 0,38+0,01 % F=1544 p= 0,206
n? =0,031
Estecem !l 0,62+0,019 0,61+0,02% 0,62+0,03 % 0,61+0,01 F=0932p=0427
n’=0019
RelyX veneer 0,60+0,019 0,59+0,02 % 0,59+0,01 ¢ 0,59+0,01°¢ F=0,564p=0,639
n?=10,012
NX3 0,32+0,03 ¥ 035+0,04% 0,38+0,02°¢ 0344001 F=12,700 p= 0,001
n? = 0,209
Test Statistics ? F=376,483 F=17,364 F=493,128 F=432,248
(T7-Resin) p=0,001 p=0,001 p=0,001 p=0,001
n?=0,887 n? = 0,897 n?=0,911 n? = 0,900
Test Statistics F=0241p=0786 F=5825p=0,004 F=3854p=0,023 F=6029p=0,003
(Mouthwash - Panavia V/5) n’ = 0,003 n?=0,075 n?=0,051 n?=0,078
Test Statistics ® F=2506p=0085 F=5149p=0,007 F=7203p=0,001 F=1488p=0,229
(Mouthwash - Estecem I) n’ = 0,034 n? = 0,067 n? = 0,092 n? = 0,020
Test Statistics ® F=0136p=0873 F=0577p=0563 F=0225p=0799 F=1338p=0,266
(Mouthwash - RelyX veneer) n’ = 0,002 n’ = 0,008 n’ = 0,003 n’=0018
Test Statistics F=19,287 F=1357p=0261 F=6789p=0,002 F=28399p=0,001
(Mouthwash - NX3) p=0,001 n’=0019 n? = 0,087 n?=0,105
n?=0,212

F: Mixed Order analysis of variance; Effect Size (n2); 2Between-group comparison, ®Intra-group comparison, summary statistics are given as mean + standard deviation.
The parts determined in bold are statistically significant (p <0.05). a>b>c>e>f>g >k > Different letters or combinations of letters on the same line represent a
statistically significant difference (p <0.05)

the three measurement times (F*=19.287; F*=6.789;
F¥=8.399) (Table 4).

AE, parameter results (Fig. 3)
In all resin groups, AE, values at T1 and T7 showed
mouthwashes

significant
(p=0.001).

differences

in different

In the Panavia V5 (Kuraray Noritake) group, the AE,

value was above acceptable limits in all time periods and
in all mouthwash groups (Table 5).

In the Estecem II (Tokuyama) group, the means of
Listerine CM (Johnson & Johnson) was above accepta-
ble limits in both time periods and Listerine TC (John-

son & Johnson) was above acceptable limits in the T7
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Table 5 Comparison results for AE,, measurement
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AE,, Mouthwash Test Statistics
Control Kloroben ListerineCM ListerineTC
T PanaviaVs  1,94+0,68" 2,22+0,55" 465+052°¢ 2,64+0,649 F=38,825p =0,001
2 _
n? = 0,447
Estecem Il 1,040,229 0,92+027™ 571+2,07° 1,07+041' F=195,288
p=0,001n? = 0,803
RelyX veneer 142+049 061+025™ 197+0,62 % 1,08+0,32 F=10,926 p=0,001
2 _
n?=0,185
NX3 1,79+0,33 " 046+029™ 3,78+0,82°¢ 3,66+0,30¢ F=28,601 p=0,001
n?*=0,373
Test Statistics ® F=3849p=0,001 F=25,173 F=91,847 F=44,17 p= 0,001
(T1-Resin) n?=0,074 p=0,001 p=0,001 n? = 0,479
n?=0,344 n?=0,657
T7 PanaviaVs — 3,29+0,679 246+0,689 6,05+0,76 % 3,29+0,919 F=43,335p=0,001
2 _
n? = 0,474
Estecem Il 1,55+0,33% 1,48+0,90% 6,37+141% 1,04+0,36" F=67,36 p= 0,001
n? = 0,584
RelyX veneer 1,08+0,39% 061+025™ 2,65+032" 1,77+040" F=12,712p= 0,001
2 _
n°=0,209
NX3 2,08+0,51 % 2,86+0,66 9" 509+0,88 ¢ 4,48+0,68 7 F=31,699 p=0,001
n?=0,398
Test Statistics ® F=14,693 F=15,272 F=38,289 F=126,267
(T7-Resin) p=0,001 p=0,001 p=0,001 p=0,001
n?=0,234 n? =0,241 n? = 0,444 n?=0,354
Test Statistics ® F=40,170 F=4292p=0,040 F=2473p=0,118 F=1817p=0,180
(Mouthwash - Panavia V/5) p=0,001 n?=0,029 n’=0017 n’ =0012
n?=0,218
Test Statistics @ F=1228p=0270 F=6779p=0,010 f=0461p=0498 F=10,825
(Mouthwash - Estecem l) =0,008 n? = 0,045 n’ = 0,003 p=0,001
n?=0,070
Test Statistics ® F=2473p=0118 F=0461p=0498 F=9962p=0,002 F=10,280
(Mouthwash - RelyX veneer) n’=0017 n’ = 0,003 n? = 0,065 p=0,002
n? = 0,067
Test Statistics @ F=1817p=0,180 F=10,825 F=37,713 F=14,642
(Mouthwash - NX3) n°=0,012 p=0,001 p=0,001 p=0,001
n? = 0,070 n?=0,208 n? = 0,092

F: Mixed Order analysis of variance; Effect Size (n2); *Between-group comparison, PIntra-group comparison, summary statistics are given as mean + standard deviation.
The parts determined in bold are statistically significant (p <0.05). a>c>d>e>g>h>j>k>I>m: Different letters or combinations of letters on the same line represent

a statistically significant difference (p <0.05)

time period. All other data were above perceptible lim-
its (Table 5).

While the AE, value in the RelyX veneer (3M ESPE)
group was below the perceptible/acceptable value in
Kloroben (Drogsan) in both time periods, it was above
the acceptable value in the case of Listerine CM (John-
son & Johnson). It was above the perceptible limit in all
other mouthwashes at all time periods (Table 5).

In the NX3 (Kerr) group, the AE,, value was above
acceptable limits for all mouthwashes in the T7 time
period. In the T1 time period, it was above acceptable
limits in the Listerine CM (Johnson & Johnson) and
Listerine TC (Johnson & Johnson) groups, while it was
below the acceptable limits in the other groups (Table 5).

Discussion

This study consists of 4 resin cement, 3 mouthwash
groups, and 1 control group. The effect of mouthwash
on the colouration and optical properties of resin cement
was evaluated in the present study. At the end of the 1st
and 7th-day evaluations, the changes in TP, CR, and
AE,, parameters are statistically significant. Based on the
results of the present study, the initial hypothesis tested
was rejected.

Turgut et al. [25] reported that, due to the high col-
our stability of ceramic materials resin cement is the
principal cause of colour change in restorative treat-
ments with ceramic laminate veneers. Therefore, in this
study, laminate veneers were not produced. Resin discs
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Fig. 3 Graphical representation of AE,, parameter

were created to evaluate the optical properties of resin
cement.

Since it was not possible to acquire a suitable fluorim-
eter for this study, opalescence/fluorescence could not be
evaluated.

The CIEDE 2000 difference formula was developed to
eliminate the deficiencies of the CIELAB(L*a*b) colour
system [22]. Researchers have reported that the CIEDE
2000 difference formula provides more accurate and
appropriate results within the acceptable and perceptible
range [23]. Therefore, the CIEDE 2000 difference formula
was used in this study. In this study, as stated by Paravina
et al. [21], the clinically perceptible/ acceptable limit was
accepted as AE;;,=0.8/1.8.

The pH values, active ingredients, and alcohol concen-
trations of mouthwashes can have detrimental effects on
the restorative material. Many colour stabilization stud-
ies have reported that the colour stability of resin materi-
als depends on the resin matrix and filler compositions
[25-27].

In the present study, AE,, increased over time in all
groups. Among all groups, at the end of the 1st and 7th
days, the greatest colour changes in all resin cement
groups occurred in case of Listerine CM (Johnson &
Johnson). This value was above clinically acceptable lim-
its. Listerine TC (Johnson & Johnson) exhibited a colour
change above the acceptable limit in Panavia V5 (Kuraray
Noritake), in NX3 (Kerr) groups at T1 and T7 times and
in the Estecem II (Tokuyama) group at T7 time. Addition-
ally, Listerine TC (Johnson & Johnson) caused changes
beyond perceptible limit in the RelyX veneer (3M ESPE)
group. Based on these results, it can be stated that the

ListerineCM
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Panavia V5 Estecem I RelyX veneer NX3
17

ListerineTC

use of Listerine CM (Johnson & Johnson) and Listerine
TC (Johnson & Johnson) caused colour changes in resin-
based materials. The reason for this may be related to the
chemical content of the mouthwash, and also the content
of resin cement. BISGMA and TEGDMA found in Pana-
via V5 (Kuraray Noritake) are monomers with an affin-
ity for water, but resin cements other than NX3 (Kerr)
used in the study contain these monomers. The differ-
ence in Panavia V5 (Kuraray Noritake) may be related
to the type, content, and proportions of fillers. In addi-
tion, the colour changes of resin cement are affected by
the oxidation of the resin matrix and amine triggers or
aliphatic. NX3 (Kerr) contains a tertiary amine. In addi-
tion, unreacted benzoyl peroxide which it contains may
have caused discolouration over time. Some researchers
[28, 29] have concluded that lighter shades of resin-based
materials exhibit higher discolouration after a period of
soaking. In this study, NX3 (Kerr) was in clear colour,
that is, the clearest and translucent colour. This may be
another reason for the colouration in the NX3 (Kerr).

In the present study, colour change values were found
on the 7th day compared to the 1st day in both the con-
trol group and mouthwash groups. The residence time in
solutions is quite effective in terms of the polymer chains
of resin materials. Significant adverse effects occur with
longer exposure to the solution [30]. This supports the
fact that resin-based materials kept in solutions for 7 days
exhibited more water absorption than on the 1st day of
our study. Similarly, Von Fraunhofer et al. [31] reported
that the absorption of the liquid increased with long-
term presence in the mouthwash. Panavia V5 (Kuraray
Noritake) has two monomers that have an affinity for
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water: BISGMA and TEGDMA. Depending on this, in
the control group, the colour change in case of Panavia
V5 may have been greater than was the case in the other
resin cements.

It is reported that alcohol is also a good dimethacrylate
solvent, one which affects the mechanical properties of
resin-based materials, and increases water absorption
and solubility [32]. In resin-based materials, this can
affect water absorption and solubility by softening the
polymeric matrix and increasing the number of unre-
acted monomers and oligomers [33]. Weiner et al. [34]
reported that water absorption increases in alcoholic
mouthwashes compared to non-alcoholic mouthwashes.
Organic solutions such as ethanol have a solubility
parameter close to that of BisGMA [35]. Maximum liquid
uptake occurs when the solubility parameter of the lig-
uid is close to that of the polymer [36]. Sarrett et al. [37]
reported that beverages containing at least 9% ethanol
will increase the degradation of composite resins by caus-
ing water absorption and matrix swelling, depending on
the hydrophilicity of the polymer matrix and the locali-
zation of hydrolysable groups on the matrix chains. This
can be explained by the fact that the Listerine CM (John-
son & Johnson) used in our study causes a colour change
in all materials. Listerine TC (Johnson & Johnson), on the
other hand, did not cause colour change as much as Lis-
terine CM (Johnson & Johnson) in all materials. It caused
perceptible staining beyond, although within acceptable
limits, in Estecem II (Tokuyama) and RelyX veneer (3M
ESPE). This situation can be explained by the difference
in the content, pH, and alcohol ratio of the mouthwashes.

Mouthwashes can contain water, antimicrobial agents,
salts, preservatives, and sometimes alcohol in their
makeup and have different pHs according to the differ-
ences in their concentrations; In addition to prevent-
ing caries, they are widely used for reducing bad breath
and providing fresh breath [38]. However, depending
on their pH, active substances, ingredients, and alco-
hol concentration, they can have harmful effects on
teeth and restorative materials. Alcohol concentration
and low pH value of mouthwashes play a key role in
this mechanism [18]. Listerine CM (Johnson & John-
son) (pH=3.98) and Listerine TC (Johnson & Johnson)
(pH=3.43) mouthwash have low pH. Low-pH solutions
produce methacrylic acid, which causes enzymatic deg-
radation over time [39]. It also causes low pH in the acid
resin matrix, catalyses the hydrolysis of ester groups
from dimethacrylate monomers to form carboxylic acid
and alcohol molecules, and can promote monomer sepa-
ration [40, 41]. Since it has been reported that the poly-
mer matrix is more affected in the presence of acid and
significant negative effects occur even in the presence of
a small amount of diluting monomer such as TEGDMA
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[42], this may explain the colouration of the TEGDMA-
containing resin cements in our study. RelyX veneer
(3M ESPE), on the other hand, was highly resistant to
colouration except with regard to Listerine CM (Johnson
& Johnson). This can be explained by the ratio of RelyX
veneer (3 M ESPE) filler types, and amounts.

Kloroben (Drogsan) caused a colour change at the end
of the 7th day. Kloroben (Drogsan) also caused coloura-
tion in Panavia V5 (Kuraray Noritake) and NX3 (Kerr).
Based on these results, these effects are related to both
mouthwash and material content, while colour changes
in Listerine CM (Johnson & Johnson) in all groups are
related to Listerine CM’s (Johnson & Johnson) contents.
In addition, RelyX veneer (3M ESPE) has shown resist-
ance in other mouthwashes with the exception of Lister-
ine CM (Johnson & Johnson). We think that this may be
due to the different monomer structures of composite
resins, filler particles, and differences in the content and
pH of the mouthwashes used.

It has been reported in the literature that translu-
cency is affected by many factors. Azzopardi et al. [43]
reported that organic matrix and filler particles can affect
the translucency of experimental composites. It has also
been reported in studies that the translucency of restora-
tive materials is dependent on absorption and scattering
[8]. Although scattering in composite resins occurs due
to the refractive index mismatch between the organic
matrix and the filler particles, and the size and distribu-
tion of inorganic fillers, the absorption is produced by the
organic matrix (monomer matrix reactivity) [44].

In their review, Salas et al. [24] reported that the per-
ceptibility threshold of the translucency parameter for
CIEDE2000 was 0.62 and the acceptability threshold was
2.62. In this study, these values were accepted as thresh-
old values.

In the present study, Listerine CM (Johnson & John-
son) decreased TP, parameters in case of Estecem II
(Tokuyama), RelyX veneer (3M ESPE), and NX3 (Kerr)
groups. This may be related to mouthwash. On the other
hand, NX3 (Kerr) also had decreased TP, parameters
in the control and Listerine TC (Johnson & Johnson)
groups. In the literature, studies showed that the com-
position of the matrix and the filler, the refractive index
difference between the inorganic filler particles and the
matrix phase, the size of the fillers, and the particle size
ratio, all affect the optical properties of the resin-based
materials [45]. ATP,, was above acceptable limits in the
T7 time period only in the NX3 group. Therefore, this
result wth regard to NX3 (Kerr) may be related to the
material used. However, there was no significant differ-
ence in Listerine CM (Johnson & Johnson) in Panavia
V5 (Kuraray Noritake). Kloroben (Drogsan) and Lister-
ine TC (Johnson & Johnson) values decreased in TPy,
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It has been stated that the percentage of Bis-GMA con-
tained in resin-based materials significantly affects the
translucency of resin-based materials containing silica
as a filler [43]. The filler size, shape, and content of the
Bis-GMA-based materials used in our study are different
as is the amount of Bis-GMA they contain. The refrac-
tive index of Bis-GMA is close to the refractive index of
silica filler. The difference in TP, values may also be due
to the different resin matrices and filler size, amount, and
distribution of the materials. The translucency values of
resin-based materials can also be affected by the degree
of polymerization. The increase in the polymerization of
the resin matrix and the change in the refractive index
can also change the degree of translucency. The increase
in polymerization further increases the difference in
refractive index between the resin matrix and the inor-
ganic filler [46].

Contrast ratio values, another parameter whose trans-
lucency is evaluated, did not change in the case of RelyX
veneer (3M ESPE). However, the values increased at
the end of 1day in Panavia V5 (Kuraray Noritake), and
became opaque and approached the initial values at the
end of 7days. Cr values increased in Kloroben (Drog-
san) and Listerine CM in Estecem II (Tokuyama). On
the other hand, while NX3 (Kerr) became opaque in the
control, the CR values increased in Listerine TC (John-
son & Johnson) and decreased in Listerine CM (John-
son & Johnson). While Estecem II (Tokuyama) became
opaque to the greatest extent in Kloroben (Drogsan)
and Listerine CM (Johnson & Johnson), the difference
in Estecem II (Tokuyama) was not significant in Lister-
ine TC (Johnson & Johnson). In Listerine TC (Johnson
& Johnson), NX3 (Kerr) became opaque, while in Pana-
via V5 (Kuraray Noritake) it became opaque at the end
of 1day, and values approached the initial values at the
end of the 7th day. The birefringent nature of crystals and
light scattering at grain boundaries, as well as grain size,
pores, the presence of second-phase particles, and sur-
face roughness, have all been linked to the optical prop-
erties and the process of light scattering in polycrystalline
systems [47]. The differences between the materials can
be explained by these.

Limitations

This study has several limitations when compared to
clinical investigations because it was created and carried
out in vitro. In reality, neither the aging effects of envi-
ronmental variables on resin-based materials nor the
effects of saliva in actual clinical practice were taken into
account. The resin-based materials are not continuously
exposed to the solutions in clinical conditions. Alternat-
ing times of saliva exposure with periods when the res-
toration is exposed to mouthwashes allows the saliva to
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adjust the pH and/or other environmental changes. Resin
cements are not directly exposed to the oral environment
with all their surfaces, as they all adhere to ceramic on
the tooth. As a result, resin cements will only be exposed
to mouthwash in terms of the marginal portion of the
restoration. However, in this study, all of the resin cement
was affected by the mouthwash. It should be taken into
account that this might well increase change in colour
tone [48]. Furthermore, additional in vitro and in vivo
studies are needed to arrive at more accurate conclusions
with regard to the materials tested.

Conclusions
Within the limitations of this in vitro study, the following
conclusions can be drawn;

1. The colour stability of resin cement depends on both
the resin cement content and the mouthwash used.

2. Exposure time to mouthwashes increases the colour
stability of the resin cement.

3. The translucency of the resin cement depends on
both the resin cement content and the mouthwash
used.

4. Exposure time to mouthwashes reduce the translu-
cency of the resin cement.

5. Clinicians should consider that the colour of lami-
nate veneers will be affected by the content of the
resin cement used and the use of mouthwash on the
part of the patient.
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