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Abstract

Background: Mouthwashes have been used to improve gingiva health, owing to their anti-
bacterial and fresh effects on the oral cavity. The interactions between mouthwash additives and
these composites may impact the hardness, color stability, and overall functionality of restorative
materials. Objective: The purpose of this study was to determine how three different
commercially available mouthwashes affect the toughness and color stability of two different
resin-based composite restorative materials, Bulkfil and Nanohybrid. Materials and Methods:
The study involved testing two different a polymer-based resin dental composites (RBC): Bulkfill
Restorative (3M/ Filtek, ESPE,A2, USA) and Nano Hybrid Universal Restorant (3M/1 Filtek 250
XT), which are available in the United States. The specimens were divided into three subgroups (n
= 9) of each composite for testing with different mouthwash additives later. Each cycle consisted
of complete immersion in a mouthwash for 21 minutes (equivalent to 3 weeks of use) followed by
immersion in saliva for 12 hours at 37°C. Results: The results showed that color stability (AE) of
both composites affected significantly (p < 0.05), while the micro hardness test didn’t show
significant alteration after immersion cycle (p > 005). Conclusion: Within limitation of present
study, it can be concluded that despite the color stability of the composites being affected by
mouthwash, surface hardness remains substantially unaffected. The results of the current study
may help dentists advise patients who have restorations on the best oral hygiene products to use,
extending the life and durability of the dental work.

Keywords: mouthwashes, composites, color stability, micro-hardness
Introduction

Resin-based composites are widely used in restorative dentistry due to their polymeric matrix,
filler particles, and organo silane coupling agent. They are categorized into hybrid (0.5-3 um),
microhybrid (0.4-1 um), and microfilled (0.04-0.4 um) based on filler particle system. These
materials offer durable, aesthetically pleasing alternatives to traditional amalgam fillings and are
revolutionized by advancements in resin-matrix composites.® In the oral cavity, various stains
can affect resin composite restorations.”® The two types of discoloration are typically internal
and external. Internal discoloration of resin composites is caused by physical and chemical
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reactions in the innermost layers of the resin composite, whereas external discoloration is
primarily caused by consumption of coloring agents from various sources, such as food,
beverages, smoking, and frequent use of mouthwashes.*?

Mouthrinses are aqueous solutions containing salts, hydrogen peroxides, antimicrobial agents,
pigments, emulsifiers, solvents, acids, and alcohol. They offer benefits like plaque reduction,
fresh breath, and oral h7ygiene. They come in various flavors to enhance user experience and
encourage regular use.® " However, dental health is not only influenced by oral hygiene practices
but also by the hardness and resilience of dental materials used in restorations. A vital
component of oral health, dental hardness is crucial to the longevity and toughness of dental
restorations.® Hardness is a key indicator of a material's resistance to surface penetration or
persistent indentation.® *°

In order to maximize oral health and extend the life of restorations, it is crucial to understand the
elements that influence the hardness of dental materials."" Several ingredients in mouthwash,
which is frequently used in oral hygiene regimens, might interact with dental materials.*?
Chlorhexidine is a well-liked antibacterial ingredient in mouthwashes because of its superior
plaque-controlling abilities."* The absorbent qualities of activated charcoal, a recent addition to
dental hygiene products, are well known, as are any potential whitening effects.* Because of its
calming effect on oral tissues and probable antibacterial capabilities, sodium chloride, also
known as common salt, is utilized in oral rinses.”> Although each element is good for your
mouth, they can all have different effects on how hard dental composites are.°

Dental composites are available in a variety of forms, each with specific qualities and utilized
mostly in restorative dentistry.’” A bulk-fill composite called Bulkfil is renowned for its
simplicity of use and capacity to fill cavities in smaller increments, making the filling process
easier."® Nanohybrid composites, on the other hand, offer a balance between aesthetic appeal,
durabilit;g,9 and wear resistance to a combination of nano-sized particles and conventional filler
particles.

The interactions between mouthwash additives and these composites may have an impact on
their hardness, color stability, and overall functionality as restorative materials.?’ The goal of this
study is to determine how three distinct mouthwash additives—chlorhexidine, activated charcoal,
and sodium fluoride affect the toughness and color stability of two different dental composites,
Bulkfil and Nanohybrid.?* The findings of this study may help dentists advise patients who have
restorations on the best oral hygiene products to use, extending the life and durability of the
dental work.

2. Material and Methods
2.1. Specimen Preparation and Grouping

The experiments involved testing two different a polymer-based resin dental composites (RBC):
Bulk fill restorative (3M/ Filtek, ESPE,A2, USA), Nano Hybrid Universal Restorative (3M/
Filtek, ESPE,A2, USA). A total of 54 specimens were created using these RBCs. Each material
had 27 specimens produced over an (8 mm) diameter and (4 mm) thickness metal ring placed
over a celluloid band. To ensure smoothness and removing excess of composites a glass slide
was utilized. The RBCs were polymerized with LED light (VALO Cordless, Ultradent Products,
South Jordan, Utah, USA) for 20 seconds and light intensity was 1000 mW/cm?® as per the
manufacturer's instructions, the distance of curing tip from specimens was 1mm standardized by
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using a glass slide. The specimens were then polished using EVE polishing discs (ECOCOMP,
RA 210, Germany) to remove any surface imperfections. For protection from dehydration, the
specimens were subsequently placed in sterile boxes to be ready for hardness and color stability
test.

The specimens were divided into three subgroups (n = 9) of each composite for testing with
different mouthwashes later. three alcohol-free mouthwashes were used: Chlorhexidine
(Wisdom, England, Bulgaria), Fresh Effect (Wisdom, England, Bulgaria), Active Whitening
(Wisdom, England, Bulgaria). Details of the materials been used can be found in Table 1.

2.2. Color Stability and microhardness tests (baseline)

The initial colorimetric properties of the specimens were assessed using a spectrophotometer. A
digital spectrophotometer, specifically the Vita Easyshade Compact Advance 4.0 from Vita
Zahnfabrik in Bad Sackingen, Germany, was employed for color measurements. The
measurements were conducted using standard illuminant based on the guidelines of the
Commission Internationale d'Eclairage (CIELab) using the white baseline as a reference. The
degree of color was recorded within the three-dimensional CIELab system, which includes color
spaces such as white-black (L*), red-green (a*), and blue-yellow (b*).?

Following color stability test, the Digital Vickers hardness tester (T TEST, ZL-107B model,
China) was used to determine the initial surface microhardness of each specimen by applying
300-gram load within a 15 seconds dwell time, three indentations were made on each specimen.
The two diagonals of each indentation were measured by a scale microscope (under 40X
magnifications). The average surface microhardness value was then calculated for each
specimen.

2.3. The Protocol of Immersion

The specimens were subjected to immersion cycles in the mouthwashes and artificial saliva, with
the daily dose (20 mL) and duration (1 minute) determined according to the manufacturer's
recommendations. Each cycle consisted of complete immersion in a mouthwash for 21 minutes
(equivalent to 3 weeks of use) followed by immersion in saliva for 12 hours at 37°C. This cycle
was repeated 8 times, simulating 6 months of continuous use.?® At the end of each cycle, the
specimens were once again evaluated for microhardness and colorimetric measurements using
same protocol. the color differences were reported as tristimulus values (AL, Aa, and Ab) based
on CIELab colour scale. Then, the colorimetric changes (AE*) were evaluated according the
following formula.?

AE =2V (AL %)% + (Aa )2 + (Ab x)*  the Values of AE* >3.3 considered clinically
unacceptable.?*

Table 1: Materials used in this study

Materials Manufactures Compositions

Bulk fill restorative 3M/ Filtek, ESPE, A2, Filler: 10-20 Nanometers
USA 76.5% By Weight, MATRIX: AUDMA,
AFM, UDMA, DDMA
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Nano Hybrid Ol el 3M/ Filtek 2250  XT, Filler:  Silica particle 20 nm and

Restorative ESPE, A2, USA. Zirconia/Silica particle 10-0.1 microns
(%67.8 by volume)
Matrix: BIS-GMA, UDMA, BIS-EMA,
PEGDMA and TEGDMA

Chlorhexidine/ Wisdom,England, Bulgaria Aroma, Limonene, Sodium Saccharin, Aqua,

Glycerin, PEG-40 Hydrogenated Castor Oil,
0.2% Chlorhexidine Digluconate. Alcohol
free

Fresh Effect Wisdom,England, Bulgaria  Sodium Fluoride 0.05% w/w (225 ppm F).
Ingredients:  Aqua, Glycerin, PEG-40
Hydrogenated Castor Qil, Sodium Saccharin,
Aroma, Sodium Benzoate, Sodium 0941287
14:20 Phosphate Cetylpyridinium Chloride,
Sodium Fluoride, Phosphoric Acid, Cl 42051,
Limonene. Alcohol free

Active Whitening Wisdom,England, Bulgaria Aqua, PEG-40 Hydrogenated Castor Oil,
Charcoal Powder, Aroma, Zinc Ricinoleate,
Tetrasodium Glutamate Diacetate,

Propanediol, Sodium Saccharin, Sodium
Fluoride, 2-Bromo-2-Nitropropane-1,3-Diol,
Eugenol, Limonene, Linalool. Alcohol free

Avrtificial Saliva KIN /Spain Aqua, Peg-40 Hydrogenated Castor Oil,
Xylitol,  Sodium  Saccharin,  Sodium
Methylparaben, Potassium Chloride, Aroma,
Citric Acid, Potassium Phosphate, Menthol,
Sodium Ethylparaben, Calcium Chloride,
Sodium Chloride, 2-Bromo-2-Nitropropane-
1, 3-Diol, Sodium Propylparaben, Potassium
Thiocyanate, Magnesium Chloride,

Abbreviations: Bis-EMA, ethoxylated bisphenol A diglycidyl dimethacrylate; Bis-GMA,
bisphenol A diglycidyl ether dimethacryalate; TEGDMA, triethylene glycol dimethacrylate;
UDMA, urethane dimethacrylate.

2.4. Statistical Analysis

Statistical analyses of the data were performed using the Statistical Package for the Social
Sciences, version 25 for windows (SPSS, IBM, New York, NY, USA). The comparison of the
mean values between groups for microhardness, and color change (AE) was performed using
non-parametric statistical hypothesis The Wilcoxon test. The significance level was set at p <
0.05

3. Results

Statistical results of this study revealed notable differences in the mean and standard deviations
of AE among the RBC groups, as shown in Figure 1. Bulkfill and Nanohybrid groups differed
statistically significantly in their immersion times before and after immersion (P= 0.001).
According to these findings, immersion affected both groups during the experimental period,
indicating changes in their color occurred.
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Figure 1: The mean of RBCs (AE) values at the end of the mouthwash immersion time

While, Table 2 presents the mean Vickers microhardness values obtained before and after
immersion in solutions of both bulkfill and nanohybrid composites. The results revealed that
there was no significant interaction between the tested solutions and the tested materials (P >
0.05). Looking at the specific values in the table, it can be observed that microhardness values
for the composites was different before and after immersion in the mouthwash solutions.
However, these differences were not statistically significant, as indicated by the p-values above
0.05. Before immersion in Chlorhexidine, the mean microhardness values for Bulkfill and
Nanohybrid composites were 73.837 and 101.288, respectively.

Table 2: Mean and standard deviation of Vickers microhardness test of RBCs before and after
immersion in the mouthwashes.

Materials Bulkfill Nanohybrid

Mean Std. p-value Mean Std. p-value
Deviation Deviation

Before Chlorhexidine 73.837 7.796 0.598 101.288 7.135 0.062
After Chlorhexidine 72.614 8.919 110.311 15.722

Before Fresh Effect 74903  3.864 0.706 105.570 6.489 0.220
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75.711  5.950 109.996 11.361
77.985  5.346 0.775 101.322 3.829 0.322
77548  4.235 104.074 9.010

27 27

4. Discussion

The current study assessed how three commercially available mouthwashes affected two
different resin-based composite restorative materials regarding microhardness and their ability to
maintain their color before and after immersion cycle. The current study's findings indicate that
the null hypothesis tested was only partially rejected because daily use of mouthwashes
increased a significant change in their color, while the hardness of dental composites remained
unchanged.

Color stability can be evaluated visually or by using spectrophotometry and the CIE AL, Ab, Aa
system.?>?® This methodology is suitable for small color changes determination and offers
advantages like repeatability, sensitivity, and objectivity. Previous studies used spectrophotometry
for color variation evaluation.?” Clinical detection is possible for AE values greater than 2. A AE
value between 3 and 3.3 is considered clinically acceptable by Ruyter et al.,?* Clinically acceptable
variations for the Commissioned Corps of the United States Public Health Service's Healthy
Lifestyles Program range between 2.2 and 4.4, though they may be higher depending on the
study.”® Figure 1 shows that the composite resins tested in this study had higher AE values. A
higher AE value typically corresponds to a greater color change upto 11.83, which is bulkfil in
active whitening and lowest of nanohybrid in chlorhexidine 4.90, indicating a potential
discoloration or alteration of the composite material.

However, in all mouthwashes, the bulk fill composite displayed a higher color change than
nanohybrid. The same outcomes were established by Khokhar et al., (1991) According to reports,
resin-based materials using urethane dimethacrylate, are more stable than the others due to their
lower viscosity. and water sorption qualities, resulting in more color stability.?® This explained
why bulkfill composite shows higher color changes comparing to nanohybrid in the current study.
Same results were found in other studies, in which it reported that the water sorption of composite
resins is affected by the resinous matrix composition. Water uptake in Bis-GMA-based composite
resins increased from 3 to 6% as the amount of TEGDMA grew from 0 to 1%.*° UDMA appears to
be more stain resistant than Bis-GMA, and under normal curing circumstances, UDMA-based
composite resins demonstrated reduced water sorption and higher color stability than other
dimethacrylates in their resin matrix.?® In addition, Light spreads more widely with larger filler
particles, resulting in greater opacity. The smaller the filler particle, the less water is absorbed by
the polymer network, resulting in less degradation of the interface matrix/particle and, therefore,
less color change. Filler particles in the nanohybrid range in size from 0.1 m to 10 nm, whereas
filler particles in the bulkfill range from 10 nm to 20 nm, explaining why nanohybrid is more color
stable than bulkfiller composite.?®3!

To imitate the continual washing effect of the oral cavity and to hydrate RBC specimens, artificial

saliva was utilized. After the artificial saliva procedure, the specimens were immersed in the
mouthwashes according to the in vitro model proposed by ArmasVega et al., who suggested that
the specimens were subjected to immersion cycles in the mouthwashes tested and artificial saliva,
with each cycle consisting of complete immersion in a mouthwash for 21 min (equivalent to 3
weeks of use) and then in saliva for 12 h straight.*> Composite filler leaching was shown to be
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considerably higher in artificial saliva than in pure water. Furthermore, artificial saliva was used in
the current investigation to deposit a pellicle layer. Saliva and the ensuing accumulation of
pellicles act as a matrix for stain deposition, which can cause discoloration.*®

Clinical success and long-term performance of dental composite restorations are affected by
chemical and thermal factors. It is important to note that chemical factors play a significant role in
the degradation of surface composite resins.®* Chemical degradation affects surface roughness and
microhardness.® The current study's findings indicate that there were no significant differences in
the microhardness of the composites before and after immersion in mouthwashes. After
immersion, the values decreased slightly to 72.614 for Bulkfill and increased to 110.311 for
Nanohybrid. However, the p-values for these comparisons were 0.598 and 0.062, respectively,
indicating no significant differences. Similar patterns can be observed for the other mouthwash
solutions (Fresh Effect and Active Whitening). The mean microhardness values varied before and
after immersion, but the p-values for these comparisons were all above 0.05, suggesting no
significant effects.

Overall, based on these results, it can be concluded that the immersion of Bulkfill and Nanohybrid
composites in the tested mouthwash solutions did not have a significant impact on their
microhardness values. One possible explanation for the lack of change is that the immersion cycle
used in the study, which corresponds to six months of mouthwash use, was insufficient to cause
any discernible changes in the hardness of the composites. Besides in this study all three
mouthwashes that were use were alcohol-free which explain that why they didn’t have significant
effect on surface hardness of both composites. It is worth noting that many other studies have used
longer immersion times to assess the effect of mouthwashes on composite hardness, also they
stated that alcohol containing mouthwashes had determinant effect on hardness of dental
composites.***"* These studies most likely allowed for longer exposure to the mouthwash, which
may have resulted in observable changes in the hardness of the composites. Same results were
found in other study.*®

In a study by Hamdy et al., examined the effect of different mouthwashes on the surface
microhardness and color stability of dental nanohybrid resin composite. Concluded that Despite
being acidic, there was no significant difference in the microhardness of resin composite between
CHX and Green Tea mouthwashes and that immersed in artificial saliva.* This acidic PH was not
thought to be a significant factor influencing resin composite surface degradation.*” ** As a result,
the chemical composition of the mouthwash may be a more effective factor influencing the resin
composite microhardness than its PH. The previous studies on microhardness supported the results
of current study.***

According to the study findings, mouthwashes have a substantial impact on the color stability of
dental composites. The surface microhardness of the composites, however, appears to be
unchanged. This study emphasizes the need for additional research and the execution of longer-
term procedures to better understand the effects of mouthwashes on the color stability and surface
microhardness of dental composites.

5. Conclusion

Within limitation of present study, it can be concluded that despite the color stability of the
composites being affected by mouthwash, surface hardness remains substantially unaffected.
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