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Background/Objectives. Use of antiseptics as an adjunct to a traditional mechanical tooth brushing method has limited their
application for long duration because of their side effects such as staining and calculus formation. The objective of this in vitro
study is to analyse the staining effects of antiseptic mouthwashes on dental enamel and compare it with those containing
nanoparticles, dietary agents, and distilled water (control). Material and Methods. 105 intact premolars extracted for orthodontic
reasons and without any caries or anatomical defects were selected for analysis. The samples were randomly divided into 7
different groups of fifteen teeth each for different solutions. A spectrophotometer was used to assess the colorimeter analysis of
buccal dental enamel surface at R1 (baseline examination), R2 (24 hours after immersion in different solutions), and R3 (after
brushing). Statistical analysis was done using the Kolmogorov-Smirnov test and Levene’s test (p < 0.05), respectively. One-way
ANOVA was used to compare the difference in color (AE) between the readings, R1, R2, and R3. Results. The mouthwash
containing titanium dioxide (TiO,) nanoparticles produced the greater enamel discoloration compared to that of chlorhexidine.
Brushing had little effect on removal of stains induced by all mouthwashes except for dietary solutions (lemon with sodium
bicarbonate and olive with laurel) and distilled water (control). Conclusion. The results from this study show that mouthwashes
containing TiO, nanoparticles and other antiseptic mouthwashes cause change in color of the teeth and lead to poor esthetic
appearance when compared to dietary and control solutions. Thus, future in vivo studies have to be conducted to confirm these
findings as in vitro studies may not provide a reliable simulation of the clinical situations.

1. Introduction

Dental caries and periodontal disease are the two common
diseases affecting the oral cavity globally [1]. To prevent
these oral diseases, many approaches are used out of which
mechanical toothbrushing and interdental tooth cleaning
are considered the primary and gold standard [2, 3].
However, in some situations or patients such as those af-
fected by trauma or disabled, those undertook oral surgery,
those wearing orthodontic braces, and those on chemo-
therapy, the definite plaque control may not be achieved

with mechanical methods [4-7]. In these situations or pa-
tients, the use of oral antiseptic in the form of mouthwashes
is considered as an adjunct method for controlling dental
plaque accumulation and its effect on oral cavity [8, 9].

However, the side effects of these antiseptic mouthwashes
such as staining and calculus formation have limited their use for
long duration for plaque control. Therefore, finding an alternative
antiseptic mouthwash that provides effective plaque control with
minimal or no side effects is of great interest [10, 11].

In recent years, the use of nanotechnology in the field of
dentistry such as in dental composites and antiseptic
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solutions is increased [12, 13]. The antibacterial properties of
metal ions depend on their surface contact area. Decreased
size of nanoparticles (<100nm in diameter) leads to in-
creased surface area and thus increased interaction with
organic and inorganic molecules [12]. Still, many of the
properties of metal nanoparticles are still unknown. In
addition, discoloration effects and aesthetic changes of some
nanoparticles need further explanation.

Conversely, only few studies are available in the litera-
ture that has determined the staining effect of these nano-
particles in plaque control. The present study is aimed to
analyse the staining effects of antiseptic mouthwashes on
dental enamel and compare it with those containing
nanoparticles, dietary agents, and distilled water (control).

2. Material and Methods

Teeth extracted for orthodontic treatment were collected
from the College of Dentistry. 105 premolars were selected
for the analysis after excluding teeth with caries, cracks,
fillings, or anatomical defects.

The research methodology followed the international
standards and ethical directives of the Helsinki. Signed in-
formed consent for study inclusion was obtained from each
patient for collection of teeth samples. The study protocol was
approved by the Institutional Review Board, and ethical
approval was sought from the Scientific Research Committee,
the College of Dentistry (SRC/ETH/2018-19/003).

2.1. Sample Preparation and Solutions of Staining. Teeth
collected for analysis were stored in distilled water at room
temperature till the start of the experiment. Before colori-
metric analysis, these teeth were cleaned using pumice and
rubber cups, rinsed under running water, and then stored in
distilled water for 24 hours at room temperature.

After the baseline color examination, R1, the teeth
samples were randomly distributed into 7 groups of 15
each. The samples of groups I to VII were immersed in 0.2%
chlorhexidine solution (Avohex, Avalon Pharma, Riyadh,
KSA), Listerine (Johnson and Johnson, Dubai, UAE),
BlanX sodium fluoride 0.05% (Coswell Innovatori Italiani,
Italy), lemon with sodium bicarbonate (home-made), olive
with laurel (home-made), titanium dioxide nanoparticles
(Ultrananotech Private Limited, Bengaluru, India), and
distilled water (control), respectively, for a 24-hour period.
The samples were then rinsed under running water for a
minute, dried with gauze, and colorimetric analysis was
repeated, R2 (after immersion in different solutions). These
samples were then cleaned using a manual tooth brush
(Oral-B, Soft, United States) and tooth paste (Signal,
Unilever, United Kingdom) by same examiner using the
same technique and position for about 2-3 minutes, dried
with gauze, and colorimetric analysis was repeated, R3
(after tooth brushing). For each samples, colorimetric
analysis was done thrice during R1, R2, and R3, and the
mean of L, a, and b was taken. The color change (AE)
between the readings R1, R2, and R3 was calculated using
the following formula:
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Color change (AE) = [ (Aa)* + (Ab)® + (AL)’] x0.5. (1)

2.2. Preparation of Colloidal Solutions Containing Nano-
particles of Titanium Dioxide (TiO,). TiO, nanoparticles
were procured from Ultrananotech Private Limited, Ben-
galuru, India. The purity of the nanoparticles as per the
supplier was more than 99% after ignition. The nanoparticles
were added to a water base solution in the research labo-
ratory, the College of Applied Medical Sciences. The col-
loidal solutions containing nanoparticles were prepared with
an initial concentration of 25ppm and were autoclave
sterilized before the experiments. The particle size analysis
was performed to assess the size and the distribution of
nanoparticles. The average size of the nanoparticles ranged
from 40 to 60 nm.

2.3. Colorimetric Analysis. For the colorimetric analysis, to
assess the color of buccal enamel surface, the Easyshade
spectrophotometer (Vita Zahnfabrik, Bad Sackingen, Ger-
many) based on the CIELAB (Commission Internationale de
rEclairage L* lightness on black white axis, a* on red green
axis, and b* on yellow blue axis) color space system was used
[14].

The analysis was carried out at room temperature under
natural light. Colorimetric analysis was done following the
recommendation of the manufacturer. The Easyshade
spectrophotometer device used for colorimetric analysis was
calibrated before each color measurement for every tooth.

2.4. Statistical Analysis. The data drawn from the study were
entered in Microsoft Excel and then checked for normal
distribution and the homogeneity of variances by the Kol-
mogorov-Smirnov test and Levene’s test, respectively
(p <0.05). One-way ANOVA, analysis of variance, was used
to compare the difference in color (AE) between the read-
ings, R1, R2, and R3. Statistical Package for the Social
Sciences (SPSS Inc, Chicago, Ill) version 16.0 was used for
the statistical analysis, and the significance level was kept at

« »

p” value less than 0.05.

3. Results

During this in vitro study, the analysis process allowed us to
gather quantitative data at the 3 stages for each sample. After
complete and thorough analysis of the results, Table 1 shows
the descriptive statistics and the statistical analysis regarding
the difference in color (AE) between the readings, R1, R2,
and R3, among the 7 groups.

Figure 1 demonstrates staining effects of different so-
lutions on enamel (AE R2-R1). Highest difference in color
(AE) between the readings R2 to R1 was seen in titanium
oxide (3.28) and chlorhexidine (3.05), and the p value for the
(AE) was 0.001 and 0.021, respectively.

Effect of brushing on stain removal (AE R2-R3) is
depicted on Figure 2. Highest difference in color (AE) be-
tween the readings R2 to R3 was seen in olive (2.98) and
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TaBLE 1: Descriptive analysis regarding the difference in color (AE) between the readings, R1, R2, and R3, among the 7 groups.
AE (R1-R2) AE (R2-R3) AE (R1-R3)
Mean SD Mean SD Mean SD
Chlorhexidine 3.05 1.02 1.59 0.72 3.03 0.98
Listerine 2.85 1.17 1.38 0.85 2.73 1.04
Sodium fluoride 2.59 1.24 1.18 0.68 2.23 0.98
Lemon with NaHCO; 2.09 1.09 2.38 0.58 1.97 0.94
Olive with laurel 2.05 1.23 2.98 0.55 1.73 0.88
Titanium dioxide 3.28 1.1 1.84 0.64 3.26 1.0
Distilled water 1.90 1.11 1.29 1.19 1.14 0.72
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FIGURE 1: Staining effects of different solutions on enamel (AE R2-R1). % Statistically significant (p value < 0.05).
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FIGURE 2: Effect of brushing on stain removal (AE R2-R3). & Statistically significant (p value < 0.05).

lemon (2.38), and the p value for the (AE) was 0.043 and
0.039, respectively.

4. Discussion

The success of any treatment modality depends upon bio-
logical, mechanical, and aesthetic factors. Aesthetic factors play
a major role mainly when the color of the teeth is concerned.
The use of antiseptic mouthwashes is recommended as an
adjunct to mechanical removal of dental plaque to control
caries and periodontal diseases. In addition, use of antiseptic
mouthwash is highly advised for the certain situations or
patients and during dental implant maintenance.

In this in vitro study, the Easyshade spectrophotometer
was used for colorimetric analysis of dental enamel. The color
of the teeth can be analyzed either using spectrophotometers
or colorimeters [15]. These devices lessen the subjective errors
of colorimetric analysis with bare eyes, which cannot quan-
titatively measure minor color changes [16].

This in vitro study explored enamel color changes caused by
antiseptic mouthwashes on dental enamel and compare it with

those containing TiO, nanoparticles, dietary agents, and distilled
water. After baseline color measurement (R1), the teeth samples
were immersed in different solutions for 24 hours, and color
measurement was repeated (R2). A similar immersion period of
either 12 or 24 hours was used by Ertas et al. and Celik et al.
(17, 18].

Chlorhexidine (CHX) is considered as a gold standard
and usually prescribed as a chemical plaque control agent,
adjunct to routinely used mechanical removal of dental
plaque. It has wide range of activity on bacteria, candida, and
viruses [11]. Furthermore, CHX has antibacterial and anti-
plaque action [10]. However, long-term and frequent use of
CHX may have unfavorable effects on oral tissues. Brown
staining of teeth, oral tissues, and restorations have been
found to be caused by CHX [11]. Staining effect of CHX on
enamel was also witnessed in the present study. Most com-
mon mechanism to cause brown staining by CHX is evidences
because of the interaction or precipitation of anionic dietary
chromogens with adsorbed cationic antiseptics [19]. The
severity of CHX staining depends on the concentration and
the duration of prescription [20].



The third color measurement was done after brushing
the teeth (R3). This was performed to analyse the effect of
tooth brushing on lessening any stain that has been formed
by different solutions. The results of this in vitro study
showed variable effect on enamel color after immersion in
different solutions. The nano TiO,-containing solution
resulted in the more color change, whereas the staining
effects of other solutions were comparable to each other.
Tooth brushing had little effect on the removal of stains
induced by different solutions, and no significant difference
was established regarding the color difference before and
after brushing among the groups except for the dietary and
control solutions.

On analysis between groups, the results revealed
significant differences in color change between RI1
(baseline) and R2 (after immersion in mouthwash) stages,
as well as between Rl and R3 (after brushing) stage
(Table 1). The teeth samples immersed in distilled water
and dietary agent solutions explored the least color
changes, while CHX and TiO, nanoparticle solutions
expressed the higher changes. The difference in color
change between the seven solutions was not significant
except for CHX and TiO, (Figure 1).

The results of this study showed that staining suscep-
tibility was different for each solution. Results from the study
by Silva et al. [21] on artificial teeth showed that food dyes
(coffee and red wine) cause higher staining and easily de-
tectable by the human eye compared to CHX. Similar results
were shown by Draghici et al. [22]. However, in this study,
the dietary agents showed lesser color changes compared to
CHX and TiO, (Figure 1).

When the color change between R1 and R3 was mea-
sured, it was found that the teeth samples immersed in nano
TiO, solution displayed the higher color changes compared
to other solutions and CHX, respectively. This indicates that
nano TiO, is not appropriate to be used as oral antiseptic
solutions and should be further investigated. It should be
noted that the nanoparticle-containing mouthwashes used
in this study produced stains with higher than that of CHX;
therefore, TiO, nanoparticle-containing antiseptic mouth-
wash will be not suitable as an alternative to CHX in current
available form. Similar results were shown by Eslami et al.
[23].

No significant difference was found regarding the color
difference before and after brushing among the study groups
except for dietary solutions. Brushing had little effect on
removal of color changes induced by antiseptic mouth-
washes and TiO, nanoparticles (Figure 2). Similar results
were shown by Eslami et al. in their study with different
nanoparticles [23].

As staining was noticed higher with TiO, in this study,
future studies should be conducted to find the exact
mechanism of tooth discoloration induced by nanoparticle-
containing mouthwashes. However, consideration should
also be given to in vivo studies to provide a reliable simu-
lation of the clinical situations compared to in vitro analysis.
The staining effect of different solutions depicting the oral
environment and their possible relations should be further
explained.
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5. Conclusion

The mouthwashes containing TiO, nanoparticles produced
greater enamel discoloration compared to those of other
antiseptic mouthwashes and dietary juices used in the study.
Brushing had little effect on removal of stains induced by
antiseptic mouthwashes compared to dietary agents and
distilled water.

However, within the limitations of the study, that only
the teeth extracted because of orthodontic purposes without
any age or gender specifications were considered, an in vitro
study may not mimic the clinical situations, and in vivo
randomized clinical trials are necessary to establish afore-
mentioned findings, it can be concluded that antiseptic
mouthwash on long-term use may cause color changes of the
teeth and lead to poor aesthetic appearance. Aesthetic
concern of the patients should be taken in consideration
when prescribing any antiseptic mouthwash specially those
which have found in the literature to affect the color of the
tooth enamel. Exploring an alternate antiseptic mouthwash
with little or no effect on the color of the teeth to be con-
sidered without affecting the antiseptic or antiplaque activity
should be taken in future studies.

Data Availability

The data used for the results of this study are included in the
results and discussed in the discussion part of the article.
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