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Aim: This study analyzed the effect of whitening mouth rinses
on water sorption (WS), solubility (SL), color change, and surface
roughness of a nanofilled composite. Whitening perceptibility
and acceptability (Wl,) were also studied. Methods: Forty
specimens of Filtek Z350XT, shade EA2 were produced and
randomly distributed (n=8) to AS - artificial saliva (control);
LWE - Listerine Whitening Extreme; CLW — Colgate Luminous
White; LCM — Listerine Cool Mint; and CP — Colgate Plax. They
were immersed in the mouth rinses 2x/day, for one minute,
during 28 days. The color was assessed using an Easyshade
spectrophotometer (CIE-L*a*b* system). Surface roughness
(Ra-um) was measured with three parallel measures, using
an RP-200 roughness meter. The WS and SL (ug/mm?) were
analyzed based on the ISO 4049 recommendations. The data
were analyzed using one- and two-way ANOVA/Tukey tests
(a=0.05). Results: Surface roughness significantly increased
after immersion in AS and LCM, with no significant differences
between the groups either before or after immersion. The AE*
was notsignificantly differentbetweenthe groups. Allsubstances
produced a AWI_ higher than the 50%:50% perceptibility and
acceptability thresholds. The WS and SL were not significantly
affected by the mouth rinses. Conclusion: Whitening mouth
rinses did not affect WS, SL, surface roughness, and color
stability of a nanofilled composite, regardless of the presence
of ethanol in the composition.
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Introduction

Mouth rinse solutions are adjunct products for oral self-care. As such, most mouth
rinses have an anti-microbial effect’ or a fluoride-releasing effect accounting for the
control of the demineralization-remineralization process?. Mouth rinses also have
become, since the 2000s, a means of attending to the growing cosmetic demand for
tooth whitening. These over-the-counter products are acquired and administered by the
patient, not requiring professional prescription and supervision during application?®.

Whitening mouth rinses may present up to 2% of hydrogen peroxide* Other sub-
stances, such as sodium hexametaphosphate, may help to prevent tooth surface
staining®. Whitening mouth rinses also share similar substances with conventional
mouth rinses, such as detergents, dyes, organic acids, emulsifiers, and alcohol. Alco-
hol is not present in every mouth rinse but those containing it present antiseptic and
preserving functions, besides dissolving active ingredients’.

Additionally, alcohol softens dimethacrylate-based resin composites, accelerating their
degradation®. Anterior composite restorations have failed mostly due to esthetic reasons
such as color change and surface staining®, and the esthetic appearance of dental res-
torations and its decrease are related to the hydrolytic degradation of the material'®. The
effect of an alcohol-containing mouth rinse on the solubility of a dimethacrylate-based
composite has been shown but in conditions that do not emulate the clinical use of the
mouth rinse'". Therefore, the extent of degradation triggered by the alcohol present in
mouth rinses in daily mouthwashes of one to two minutes remains unclear.

The hydrogen peroxide present in some whitening mouth rinses has produced a whiten-
ing effect on previously stained composites'. This occurs when the whitener breaks dark
complex molecules of pigment into simpler structures with lighter optical properties’. It
is noteworthy that a significant whitening effect only occurs in the presence of acquired
extrinsic stains and it is not anissue when the composite is not extrinsically pigmented'?2,
According to Goldberg et al.’* (2010), hydrogen peroxide increases the leaching of com-
ponents from amalgam and fluoride-containing restorative materials, affecting the bond
interface between composite and bleached dentin. Nevertheless, the effect of hydrogen
peroxide on composite degradation is not fully established, requiring further research.
Additionally, the level of perceptibility and acceptability of the composite color change
from the contact with mouth rinses, from a viewer standpoint, must be explained's.

Considering the likelihood of substances contained in whitening mouth rinses to poten-
tially help the degradation of composites, expectations are that surface and bulk proper-
ties such as color change and surface roughness are affected by contact with these oral
hygiene products. Therefore, this study aimed to test the hypothesis that whitening mouth
rinses affect the chemical and physical properties of a nanofilled universal composite resin.

Materials and Methods

Forty disc-shaped specimens with 10 mm of diameter (D) and 2 mm of height (h)
were produced with the Filtek Z350XT nanofilled composite (shade EA2, 3M/ESPE, St.
Paul, MN, USA) using a circular stainless steel mold (Odeme, Luzerna, SC, Brazil). The
specimens were light-cured with 20-second overlapped light exposures on the top and
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bottom surfaces, according to the ISO 4049 recommendations. An LED light-curing
unit (Ultraled, Dabi Atlante, Ribeirdo Preto, SP, Brazil) was used and had its light irradi-
ance monitored at the beginning and end of each specimen build-up session using an
LED radiometer (ECEL, Ribeirdo Preto, SP, Brazil) — mean irradiance of 1193mW/cm?.

The specimens were finished with a #400 sandpaper and had their dimensions mea-
sured with a digital caliper (Mitutoyo Corporation, Kanagawa, Japan) and averaged
based on the ISO 4049 recommendations’®. The diameter was cross-measured and
averaged from the two measures, while the height was measured in five points (four
extremities and one in the center). These measures were used to calculate the volume
of each specimen: V = 11. R h, where R is the specimen radius (D/2).

Intervention protocol (mouth rinses)

The specimens were randomly allocated into five groups (n=8)'¢ using an online random
number generator (www.random.org). Grouping involved two whitening mouth rinses
and two conventional (non-whitening) mouth rinses, along with a negative control group:
AS- artificial saliva (control); LWE= Listerine Whitening Extreme; CLW- Colgate Lumi-
nous White; LCM— Listerine Cool Mint; and CP— Colgate Plax. The artificial saliva was
prepared in the institutional Pharmacology Laboratory, by a pharmacology technician,
based on the formulation developed by the School of Pharmaceutical Sciences of the
S&o Paulo State University (Table 1). The pH of the substances was measured in the
same laboratory, in duplicate, using a pH meter (Q-400A, Quimis Aparelhos Cientificos
Ltda., Diadema, SP, Brazil) previously calibrated with standard solutions. Table 1 presents
the compositions of the substances used in the study. The specimens were immersed
daily, twice a day, for one minute in the solutions, for 28 days. During the treatment, the
specimens were stored in artificial saliva at 37°C, which was changed once a day.

Table 1. Materials used in the study

Product Manufacturer Components pH
Bis-GMA*, Bis-EMA (6)*, UDMA*, TEGDMAY, 78.5% of filler
Filtek Z350XT SM/ESPE, St. Paul, MN, particles in weight (clusters of 0.6-1.4pm - individual -
USA . - o . .
particle size of 5-20nm) - silica and zirconia
e . Institutional Potassium chloride, sodium chloride, magnesium chloride,
Artificial saliva : . . RO
(Santos'” 2008) Pharmacology potassium phosphate, calcium chloride, nipagin, nipasol, 5.3
Laboratory carboxymethylcellulose, sorbitol, distilled water
] . = Water, glycerin, propylene glycol, sorbitol, poloxamer 338,
Colgate-Palmolive, S&o poloxamer 407, aroma, PEG-40 hydrogenated castor oil,
Colgate Plax Bernardo do Campo, A : . . N 4.8
SP Brazil cetylpyridinium chloride, potassium sorbate, sodium fluoride,
! sodium saccharin, citric acid, sucralose, Cl 42053
Listerine Cool Johnson & Johnson  Water, sorbitol, alcohol, poloxamer 407, benzoic acid, sodium
Mint Industrial Ltda., Yumbo,  saccharin, eucalyptol, aroma (d-limonene), thymol, methyl 4.2
Valle, Colombia salicylate, sodium benzoate, menthol, Cl 42053
Colgate Colgate-Palmolive, Sdo Water, glycerin, propylene glycol, sorbltpl, tetrapotassium
: pyrophosphate, polysorbate 20, tetrasodium pyrophosphate,
Luminous Bernardo do Campo, : : | b [ alcohol 7.2
White SP Brazil zinc citrate, PVM/MA copolymer, aroma, benzyl alcohol,
! sodium fluoride, sodium saccharin, Cl 42051
Listerine Johnson & Johnson Water, alcohol, 2.5% hydrogen peroxide, aroma, poloxamer
Whitening Industrial Ltda., Yumbo, 407, sodium saccharin, menthol, phosphoric acid, disodium 3.5
Extreme Valle, Colombia phosphate, sodium fluoride, sucralose

* Bis-GMA=bisphenol A-glycidyl methacrylate, Bis-EMA=bisphenol A diglycidyl methacrylate ethoxylated,
TEGDMA-=triethylene glycol dimethacrylate, UDMA=urethane dimethacrylate
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Water sorption and solubility test

To determine water sorption and the solubility of the composite after the mouth rinse
protocol, the specimens were first dried, stored in a desiccator containing silica gel at
37°C, and weighted daily to check for mass stabilization (dry mass, m, ). Then, the spec-
imens were submitted to the mouth rinse application protocols and stored in artificial
saliva. At the end of the 28-day application period, the specimens were reweighted
to obtain the wet mass (m,). Finally, the specimens were stored in the desiccator at
37°C again and weighted until they reached a new stable dry mass (m,). An analytical
balance with 0.1-mg accuracy (AUW220D; Shimadzu Corporation, Kyoto, Japan) was
used to weigh the specimens. Water sorption (WS) and solubility (SL) were expressed
as pg/mm= and calculated as follows: WS =m, - m,/Vand SL =m, - m_/V'®

Surface roughness test

The mean surface roughness (Ra) was measured by three parallel surface readings
along a 4-mm length (cut-off=0.8mm) in the top surface of the specimen. A rough-
ness meter RP200 (Instrutherm, Sdo Paulo, SP, Brazil) was used to read the surface
roughness before and after the mouth rinse application protocol™.

Color change analysis

The color was read before and after the 28-day application protocol, using an Easys-
hade portable digital spectrophotometer (Vita Zahnfabrik, Bad Sackingen, Germany).
The specimens were positioned over a white background under the same lighting
conditions, and the color was read by positioning the spectrophotometer probe per-
pendicular to the specimen’s surface. The color results were expressed based on the
three-dimensional CIEL*a*b* system. This system considers three color parameters,
represented by three axes. The L* axis represents luminosity and varies from 0 (black)
to 100 (white), the a* axis represents the color variation between red (a* positive) and
green (a* negative), and the b* axis varies between yellow (b* positive) and blue (b*
negative). Color change in these axes is represented by AL*, Aa*, and Ab*, which are
used to calculate the ultimate general color change (AE*) through the equation:

AE, =V(L,- L) + (a)-a))? + (b, - b))

1

The 50%:50% perceptibility and acceptability thresholds for color change of 1.2 and
2.7 were used, respectively.

Also based on the CIEL*a*b* three-dimensional color space, the Whitening Index for
Dentistry (WI,)?® was calculated to generate the AWI , which represents the difference
of whiteness before and after treatment with the mouth rinses.

Wi, =0.511L"-2.324a"- 1.100b"
For the AWI,, 50%:50% perceptibility and acceptability thresholds of 0.67 and 2.90
were used, respectively’.
Statistical analysis

First, the data were verified for normal distribution and equal variances. Outliers were
recognized using Grubb's test and removed from the dataset. The data of surface

4
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roughness, water sorption, solubility, Aa*, Ab*, AL*, AE*, and AWI were analyzed with
one-way analysis of variance (ANOVA). The data of a*, b*, L*, and WI, were analyzed
with two-way ANOVA, considering the immersion substances and time as factors. For
these analyses, Tukey's complementary test was applied and the level of significance

of all analyses was a=0.05.

Results

The mouth rinse application protocol did not show a significant effect either for com-
posite water sorption (p=0.656) or solubility (p=0.207) (Figure 1). Surface roughness
significantly increased after immersion in saliva (p=0.023) and Listerine Cool Mint

(p=0.011) (Figure 2).

AE*
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LWE CLW

LCM

CcP

Figure 1. Water sorption and solubility of the nanocomposite Filtek Z350 after application protocol in

whitening and conventional mouth rinses

0.6

05 - 0.481

0.4

0.323

0.294

0.3 1 0.264 0.273

0.255

0.2 A

Surface roughness (Ra) - um

0.1 4

0.0 1 T

0.211

*p<0.05

0.442
0.396

0.244

T
Before
LWE

T
Before
CLW

Before  After After

Control (AS)

After

Before
LCM

T
Before
CP

After After

Figure 3. Color change (AE*) of the nanocomposite Filtek Z350 after application protocol in whitening and

conventional mouth rinses
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Table 2 presents the color results considering the L*, a* and b* parameters, and
color change was expressed as AL*, Aa*, and Ab*. Luminosity (L*) was significantly
affected by the immersion substances (p=0.018) but not by time (p=0.654) or the
interaction between both (p=0.915). The AL* was not significantly affected by the
immersion substances (p=0.667). The a* was significantly affected by the immersion
substances (p<0.001), time (p<0.001), and the interaction between both (p=0.009).
The a* reduced after the 28-day immersion period and Aa* was significantly affected
by the immersion substances (p=0.004), with Colgate Plax producing the highest
Aa*. As for b*, it was significantly affected by the immersion substances (p=0.024)
and time (p<0.007) but not the interaction between both (p=0.692). Immersion time
reduced b* and artificial saliva produced the lowest b*. No significant difference was
observed in Ab* between the groups (p=0.945). Overall color change (AE*) was not
significantly different between the groups (p=0.805) (Figure 3). The color change
results of all groups were higher than the perceptibility threshold but lower than the
acceptability threshold.

40 ~
35 4
30 4
o 25 4
IS
£ 20 A
g2
15 1
109 60 6- 57
N M H H
0.0
Control LWE CLW LCM Control LWE CLW LCM
(AS) (AS)
Water sorption Solubility

Figure 3. Color change (AE*) of the nanocomposite Filtek Z350 after application protocol in whitening and
conventional mouth rinses

Table 2. Color parameters L*, a* and b* of the nanofilled composite Filtek Z350XT before and after application
protocol in whitening and conventional mouth rinses

Color parameter Baseline 28-day A
Mean (SD) Mean (SD) Mean (SD)
L*
AS 81.2(0.8),, 81.1(0.7) ,, -0.025(0.315) ,
LWE 81.7(1.0) , 81.6 (0.7) , -0.050 (1.016) ,
cLw 81.7(0.7) 81.8(0.6) 0.100 (0.674) ,
LCM 81.9(04) ,, 81.9(05) -0.037 (0.498) ,
CcP 81.1(0.8) ,,s 81.5(0.8) , 0.386 (0.445) ,
Continue
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Continuation

a*
AS 1.2(0.1) 0.8(0.1),, -0.438 (0.092) ,
LWE 1.2(0.3) 0.8(0.1),, -0.314 (0.146) ,
cLw 1.2(0.3),, 0.7 (0.1),, -0.500 (0.330) ,,
LCM 1.3(0.3) 0.7 (0.1),, -0.587 (0.394) ,,
cp 0.9(0.1) , -0.01(0.1) -0.871(0.160)

b*

AS 20.9(0.2) 18.8(0.3) -2.062 (0.374) ,
LWE 21.2(0.3) 19.5(0.3) ,, -1.829 (0.150) ,
cLw 21.0(0.6) , 19.1(0.5) , 6 -1.900 (1.009) ,
LCM 21.0(0.6) 18.9(0.5) -2.063 (0.918) ,
cp 21.0(0.3) 19.0(0.3) -1.986 (0.146) ,

Lower case letters represent the comparison of groups in lines; capital letters represent the comparison of
groups in columns; different letters reveal statistically significant differences in comparisons

Table 3 presents the results of WI, and AWI . The statistical analysis of the WI, data
revealed that the immersion substance (p<0.001), time (p<0.001), and the interaction
between both (p=0.001) significantly affected WI,. The WI_ significantly increased in
all groups after the 28-day immersion protocol. The highest AWI  was observed in the
Colgate Plax conventional mouth rinse. All substances, including saliva, produced a
AWI_ higher than the 50%:50% perceptibility and acceptability thresholds.

Table 3. WI, and AWI, of the nanofilled composite Filtek Z350XT before and after application protocol in
whitening and conventional mouth rinses

AWI
Wi, Mean (DSD)

Whiteness parameter

Baseline 28-day

Mean (SD) Mean (SD)
AS 15.7(0.4) , 4 19.0(0.6) -3.3(0.6) ,
LWE 15.6 (0.6) , , 18.5(0.5),, 29(04),
cLw 15.9(04) . 19.2(0.5) .6 -3.3(0.9),
LCM 15.8(0.4) , 19.4(0.7) 4 -3.6 (0.6) ,,
CcP 16.3(0.5) . 20.8(0.5) . -4.4(0.6)

Lower case letters represent the comparison of groups in lines; capital letters represent the comparison of
groups in columns; different letters reveal statistically significant differences in comparisons

Discussion

Mouth rinses are adjunct over-the-counter substances for mouth cleansing. Whit-
ening mouth rinses supposedly present a tooth whitening effect, mainly produced
by substances such as hydrogen peroxide®?'. Considering the acquisition of mouth
rinses does not require a professional prescription, anybody can use them, including
individuals with esthetic dental restorations. Therefore, understanding the effect of
whitening mouth rinses in tooth-colored restorations is important to correctly advise

7
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those who have them about possible impacting adverse effects such as increased
roughness or restoration color change. Our results revealed no significant effect of
conventional and whitening mouth rinses on water sorption and solubility of the com-
posite. Moreover, the greatest changes in surface roughness occurred in the control
group and with one of the conventional mouth rinses, also revealing no significant
effect of whitening mouth rinses on this property. Finally, the overall color change was
not significantly affected by either mouth rinse. Therefore, the study hypothesis that
whitening mouth rinses would affect the chemical and physical properties of a nano-
filled composite resin was rejected.

No difference was observed in the water sorption and solubility of the composite resin
in the different groups (Figure 1). Both are related to hydrolytic degradation, which
mediates the deterioration of other properties of composite resins over time, affecting
surface and bulk properties of the restoration'®*. Water uptake within the polymer
chains through voids leads to the cleavage of links that form polymers, producing
smaller-sized molecules such as oligomers and monomers, which may be leached
to the environment'®. Additionally, it causes a hygroscopic expansion of the mate-
rial, ultimately resulting in the solubilization of other molecules such as fillers, cat-
alysts, and unreacted monomers’'®. In this study, neither the presence of whiteners
from some mouth rinses nor alcohol from others affected the extension of polymer
degradation, as expressed by water sorption and solubility. The latter could have
affected polymer chains differently, as it has been shown that aqueous solutions that
associate water and ethanol potentiate polymer degradation due to the similarity of
the solubility parameter with the polymer™. An ethanol-containing mouth rinse was
previously identified for increasing the solubility of a dimethacrylate-based compos-
ite. However, these results were obtained with the authors storing the specimens for
two days in contact with the mouth rinse™, while our study limited the contact with
the mouth rinse to two minutes daily. Under these conditions, which simulate one
month of mouth rinse application twice a day, water sorption results were considered
acceptable for all groups, considering the parameters set by the ISO 4049. Regarding
solubility, the conventional mouth rinse group was the only one to produce solubility
results above those considered acceptable by the ISO 4049 standards (7.5 ug mm=)'s,
suggesting a higher solubilizing effect on the composite resin.

Surface smoothness is an important aspect of esthetic dental restorations. It affects
color by reflecting light differently and mechanically retaining surface stains®. Polish-
ing with a #400 sandpaper ensured a baseline surface roughness lower than 0.3 ym,
which in turn increased to almost 0.5 um in the negative control group consisting of
artificial saliva and one of the conventional mouth rinses containing alcohol (Figure 2).
The presence of hydrogen peroxide or ethanol in the mouth rinses did not seem to
have affected surface roughness results. Therefore, using whitening or alcohol-con-
taining mouth rinses does not seem an issue for the surface roughness of dental
restorations, considering the total daily application time of two minutes. Moreover, the
presence of acidic substances such as phosphoric acid has been considered to affect
the organic matrix of the composite?®. Except for Colgate Luminous White, all other
substances presented a low pH. Curiously, the substance with the lowest pH and the
presence of phosphoric acid (Listerine Whitening Extreme) did not affect significantly
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the surface roughness of the composite studied. Munchow et al.?* (2014), testing
the effect of substances with varying acidic potentials on the surface degradation
of composite resins, observed that all the substances affected similarly the surface
roughness of the composite. According to the authors, factors such as the solubility
parameter of the solvent and material, the cross-linked nature of the resin matrix, and
solvent uptake may explain better the surface deterioration of the composite resin.
The last two factors were similar in this study, leaving the first factor to explain the
differences found for surface roughness in some of the groups tested.

The results of this study revealed no significant overall color change in the nanofilled
composite after mouth rinse immersions, including the whitening ones (Figure 3). The
color of tooth-colored restorations is usually a concern after tooth whitening, requiring
a restoration replacement after tooth whitening is finished'. Recent studies showed
that perceptible color change (AE*) might be induced by tooth whitening substances
when extrinsically acquired stains are impregnated in the restoration?. However,
lower thresholds were set recently for 50%:50% perceptibility and acceptability of
color change. These thresholds aid dental patients and set values of 1.2 for percepti-
bility and 2.7 for acceptability based on the perception of a layperson™. In this recent
scenario, even the color change results by Farinon et al. from water storage would be
considered perceptible by a layperson standpoint, as well as our color change results
after immersions in mouth rinses and artificial saliva. These values would also be con-
sidered acceptable taking the recent 50%:50% threshold for acceptability'®, making it
unlikely to require a restoration replacement after applying the mouth rinse twice a
day for one month, regardless of the type of mouth rinse.

It is noteworthy that the presence of 2.5% hydrogen-peroxide in Listerine Whitening
Extreme did not play a role in color change, producing the lowest nominal AE* value
of all groups. This lack of significant influence of a whitening substance in the mouth
rinse may again be explained by the absence of extrinsic staining agents in the com-
posite resin'?%, causing minimum color changes and unlikely presenting clinical sig-
nificance®. The overall color change was mainly driven by the reduction in a* and b*
axes values, which leads to color changes towards green in the a* axis and towards
blue in the b* axis. Both sets of mouth rinses (Colgate and Listerine) present pigments
with a blueish/greenish color that could have caused color changes in these axes,
despite the low contact time with the composite?.

The WI, significantly increased after the 28-day immersion protocol in all groups
(Table 3). According to Pérez et al.? (2016), the WI, is the best approximation of
the visual perception of whiteness based on a set of psychophysical experiments. It
depends onthe L* a*, and b* coordinates of the three-dimensional color space. Expec-
tations were that a reduced variation in L* would produce an insignificant perception
of whiteness before and after the immersion protocol, as previously observed?. How-
ever, our results showed that variations of a* and b* produced AWI results varying
from 2.9 to 4.4 towards a whiter material. Most importantly, the AWI_ results corre-
spond to values higher than the 50%:50% perceptibility and acceptability thresholds
for whiteness perception?, meaning that dental restorations may be perceived whiter
after contacting the substances studied.
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We methodologically decided to include a control group constituted by artificial saliva
to reveal possible changes in properties that could have been caused by common
substances in conventional and whitening mouth rinses. We also attempted to simu-
late a relevant clinical regimen of mouth rinse application involving daily applications,
twice a day, for one minute?. The methodological limitations involved the light-curing
protocol, which followed the recommendations of the ISO 4049 and did not reflect the
real light-curing conditions when a dental restoration is built-up. Miiller et al.” (2017)
highlight the role of product standards in providing in vitro reproducible test designs to
characterize materials. They also call attention to the limited evidence on the clinical
performance of these materials, suggesting further clinical approaches to confirm the
in vitro results obtained.

The results of this study suggest that whitening mouth rinses would interact with a
composite resin similar to regular mouth rinses, not producing any additional delete-
rious effect on restorations. The study hypothesis was rejected because water sorp-
tion, solubility, surface roughness, and color of a densely polymerized nanofilled com-
posite are not affected by a one-month mouth rinse application protocol with either
whitening or conventional mouth rinses.
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