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The effect of different whitening
mouthwashes and simulated tooth brushing
on surface roughness and microhardness

of nanohybrid resin composite: an in vitro
study

Cemile Yilmaz'"® and Latife Altinok Uygun'

Abstract

Background This study investigated the effects of whitening mouthwashes containing active ingredients on a
nanohybrid resin composite’s surface roughness (Ra) and Vickers microhardness (VHN) under distinct brushing
conditions.

Methods Fifty-four disc-shaped specimens (10 mm diameter x 2 mm thickness) were fabricated and randomly
assigned to three experimental conditions (n=18): distilled water (Control), Patent Blue V-containing mouthwash
(Colgate Optic White, COW), and activated charcoal-containing mouthwash (Colgate Plax White + Charcoal, CPWC).
Each group was subdivided into brushed and non-brushed subgroups (n=9). Non-brushed specimens were
immersed in 20 mL of the assigned solution at 37 °C for 6 h (T1) and 12 h (T2). Brushed specimens underwent 5 000
and 10 000 brushing cycles before immersion at T1 and T2, respectively. Surface roughness was measured using a
contact profilometer, and microhardness was assessed with a Vickers hardness tester. Data were analyzed using three-
way mixed ANOVA, one-way ANOVA, repeated measures ANOVA, and Bonferroni correction (a=0.05).

Results Significant differences were observed in Ra values based on mouthwash type and brushing (p <0.05),

while VHN remained unaffected (p>0.05). In non-brushed specimens, CPWC exhibited the highest Ra increase
(31.2%, +0.296 um), significantly higher than Control (1.6%, +0.015 um, p=0.001) and COW (5.9%, 4+ 0.055 um,
p=0.001). Under brushed conditions, CPWC again showed the most significant increase (33.3%,+0.311 um,p=0.012).
Microhardness showed no statistically significant changes across time points or groups (p > 0.05). However, at T2,
CPWC (non-brushed) presented the most significant reduction (—3.38%, — 1.4 VHN), which was significantly lower
than Control (+1.98%, +0.8 VHN) and COW (+3.3%, + 1.3 VHN) (p=0.001). A 5.33% increase (+2.1 VHN, p=0.756) was
observed in the brushed CPWC group.
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Conclusions Activated charcoal-containing whitening mouthwashes significantly increased surface roughness,
particularly under brushing conditions, indicating a synergistic effect of chemical and mechanical wear.
Microhardness values remained stable, suggesting the preservation of the internal structure. These findings highlight
the need for cautious recommendation of charcoal-based mouthwashes for patients with resin restorations due to

potential surface degradation risks.

Keywords Activated charcoal, Microhardness, Nanohybrid resin composite, Patent blue V, Surface roughness,

Whitening mouthwashes

All procedures followed were by the ethical stan-
dards of the responsible committee on human exper-
imentation (institutional and national) and with
the Helsinki Declaration of 1975, as revised in 2008.
Informed consent was obtained from all patients to
be included in the study.

Background

Due to their favorable mechanical and optical proper-
ties, the increasing demand for esthetic dental treatments
has led to continuous development in restorative mate-
rials, particularly resin composites. Nanohybrid com-
posites, which incorporate both micro- and nano-sized
fillers, offer enhanced filler dispersion, polishability, and
mechanical strength, making them suitable for both ante-
rior and posterior restorations [1, 2].

Several factors in the oral environment can affect the
color and surface quality of both teeth and restorations
over time. Daily habits, such as consuming colored foods
and beverages, tobacco use, and exposure to various
staining agents, can initiate physicochemical changes in
restorative materials. Consequently, individuals often
seek cosmetic dental treatments to address these esthetic
concerns. Increased surface roughness of teeth and resto-
rations make them more prone to staining because they
can efficiently adsorb chromogenic substances. Addition-
ally, fillers’ composition and particle size significantly
influence restorations’ susceptibility to surface changes
and discoloration [1, 3, 4, 5]. In particular, surface rough-
ness (Ra) plays a critical role in bacterial adhesion, plaque
accumulation, and discoloration. It has been reported
that Ra values exceeding 0.2 pm may facilitate biofilm
retention and esthetic deterioration [6, 7, 8].

Whitening  products—including  over-the-counter
(OTC) toothpaste and mouthwashes—are widely used to
remove extrinsic stains. These formulations typically con-
tain active agents such as hydrated silica, sodium bicar-
bonate, calcium carbonate, calcium pyrophosphate, blue
covering, hydrogen peroxide, and activated charcoal [6, 7,
8, 9, 10, 11, 12]. Although effective in enhancing dental
shade, the effects of these agents on restorative materials
depend on their chemical composition, abrasiveness, and
pH [13, 14, 15, 16, 17, 18]. Recently, activated charcoal/
carbon has gained popularity due to its effective adsorp-
tion of stains and chromogens, particularly for extrinsic

tooth discoloration. Some mouthwashes now include
activated charcoal/carbon and optical brighteners such
as patented Blue V, known as blue covering, commonly
found in whitening toothpastes [9, 12, 19, 20]. Although
several investigations have evaluated the influence of
whitening toothpaste on enamel and resin-based materi-
als, limited data exist on the impact of whitening mouth-
washes—particularly those containing activated charcoal
or synthetic dyes—on nanohybrid composites, especially
under brushing conditions [13, 14, 15, 16, 17, 18].

The present study aimed to evaluate the effects of
whitening mouthwashes containing Patent Blue V and
activated charcoal on the Ra and VHN of a nanohybrid
resin composite under different brushing conditions. The
null hypothesis was that neither the active ingredient of
the whitening mouthwash nor the presence of brushing
would significantly affect the surface properties (Ra and
VHN) of the tested composite material.

Methods

Ethics committee approval was obtained from the Kiita-
hya Health Sciences University Non-Interventional
Clinical Research Ethics Committee, Kiitahya, Turkey
(decision no: 2024/02—02). The number of specimens for
the study was determined as 54 using the G*Power 3.1.9.6
power analysis program, considering a minimum sample
size with 90% statistical power, an effect size of 0.27, and
a 95% confidence level [13, 21].

Specimen preparation

Fifty-four disc-shaped specimens (diameter 10+0.1 mm,
thickness 2 mm) were fabricated using a nanohybrid
anterior resin composite (Clearfil Majesty™ Esthetic, Kur-
aray Noritake Dental Inc., Japan). Polyester matrix strips
and cementation glass slides (1 mm thick) were placed
on both sides of the mold, and light pressure was applied
to standardize surface smoothness and simulate clini-
cal finishing. By ISO 4049:2019 guidelines [22] for Class
2 materials, both the top and bottom surfaces of each
specimen were polymerized using a light-emitting diode
(LED) curing device (Elipar Deep Cure-S, 3M ESPE, Ger-
many) with a power density of 1 475 mW/cm? for 20 s per
surface. After polymerization, the specimens were stored
in distilled water in a dark environment at 37 °C for 24 h
before finishing and polishing procedures.
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All specimens were pre-finished with 1000-grit silicon
carbide (SiC) abrasives for 20 s under water cooling to
remove surface irregularities and standardize surface tex-
ture, as recommended by ISO 4049:2019 for peripheral
finishing (Sect. 7.12.2.1). The upper surfaces were further
polished using a sequential polishing system (Sof-Lex™,
3M ESPE, Germany) at a low speed of 10 000 rpm with
water cooling in 10 s intervals to achieve clinically rele-
vant surface smoothness. The properties of the materials
used in the study are summarized in Table 1.

Brushing cycle

Initial Ra and VHN values were recorded for all speci-
mens. Brushing groups were subjected to a brushing
protocol using an automated brushing simulator (Ese-
tron MF-100, MOD Dental, Ankara, Turkey), a validated
device for simulating clinical toothbrushing dynamics.
The soft-bristled toothbrush head was programmed to
perform linear reciprocating motions with a 10 mm ver-
tical stroke length at 40 mm/s under a constant 200 g
vertical load. Surface roughness measurements were per-
formed perpendicular to the brush marks to assess the
changes induced by mechanical brushing accurately.

To simulate clinical brushing conditions, a homoge-
neous toothpaste slurry was prepared by mixing 100 g of
toothpaste (Colgate Cavity Protection Toothpaste, Col-
gate-Palmolive, China) with 100 mL of distilled water at
a 1:1 mass-to-volume ratio. The slurry and toothbrushes
were replaced every 5 000 brushing cycles. Specimens
were immersed in 20 mL of the tested mouthwash for
12 h to simulate twice-daily (morning and evening) 1 min
rinsing [23]. The specimens were then subjected to 5 000

Table 1 Materials used in the current study
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or 10 000 brushing cycles, representing approximately 6
months or 1 year of toothbrushing in healthy individuals
[6, 7, 14]. Subsequently, the synergistic effects of 1 year of
simulated in vivo toothbrushing combined with mouth-
wash use were systematically evaluated.

The non-brushed groups were immersed in 20 mL of
distilled water or one of two whitening mouthwashes for
6 and 12 h immediately after recording baseline measure-
ments. The whitening mouthwashes were: (1) a formula-
tion containing Patent Blue V (Colgate Optic White) and
(2) a formulation containing activated charcoal (Colgate
Plax White + Charcoal). The immersion durations were
standardized at 6 h for the 6 month simulation group
and 12 h for the 1 year simulation group, corresponding
to daily 2 min mouthwash use over 6 months or 1 year,
respectively. For the brushed groups, specimens under-
went a brushing procedure (5 000 and/or 10 000 brush-
ing cycles), followed by immersion in distilled water or
one of the two whitening mouthwashes for 6 or 12 h, by
the brushing duration.

Ra and VHN measurements were recorded at three dif-
ferent time points to assess changes in surface properties.
Following the initial surface roughness measurements,
a reference line was carefully marked on the composite
resin disk surface to divide it into two halves, ensuring
that the movement of the diamond indenter tip would
not be obstructed during subsequent measurements.
Subsequently, the initial microhardness measurements
were conducted. The area where microhardness testing
was performed was protected by applying adhesive tape
to the composite disc.

Material Type Ingredients Manufacturer And Lot No
Trade Name
And Description
Clearfil Majesty™  Nanohy- Bis-Gma, Hydrophobic Aromatic Dimethacrylate, Silanated Barium Glass Filler, ~ Lot: 210111
Esthetic brid Resin Silanated Silica Filler, Hydrophobic Aliphatic Dimethacrylate, Kuraray Noritake Dental
Composite dI-Camphorquinone, Prepolymerized Organic Fillers 40% by Volume Inc, 1621 Sakazu, Kurashiki,
Particle Sizes: 0.37 um-1,5 um Okayama, Japan
Colgate Cav- Toothpaste Calcium Carbonate, Aqua, Sorbitol, Sodium Lauryl Sulfate, Hyrated Silica, Argi-  Colgate Palmolive, China
ity Protection nine, Sodium Monofluorophosphate, Aroma, Cellulose Gum, Sodium Carbon-
Toothpaste ate, Benzyl Alcohol, Phosphoric Acid, Sodium Saccharin, Sodium Bicarbonate,
C177891.
Colgate® Optic Patent Blue Aqua, Glycerin, Propylene Lot: 10175054
White V-containing Glycol, Sorbitol, Tetrapotassium Pyrophosphate, Zinc Citrate, PYM/MA Colgate Palmolive manufactur-
whitening Copolymer, Aroma, Benzyl Alcohol, Sodium Fluoride, Sodium Saccharin, Cl ing Poland
mouthwash 42051. Sp. z 0.0, Aleja Colgate 2,
and Swidnica
alcohol-free 58-100, Poland

Charcoal- con-
taining
whitening
mouth-

wash and
alcohol-free

Colgate® Plax
Charcoal

Aqua, Glycerin, Propylene Glycol, Sorbitol, Tetrapotassium Pyrophosphate,
Polysorbate 20, Tetrasodium Pyrophosphate, Zinc Citrate, PYM/MA Copolymer,
Aroma, Benzyl Alcohol, Sodium Fluoride, Sodium Saccharin, Bambusa Vulgaris
Shoot Extract, Charcoal Powder, CI 15510, Cl 17200, Cl 19140, Cl 42051.

Lot: 10207956

Colgate Palmolive manufactur-
ing Poland

Sp.zo.0.

Colgate 2

Street, 58-100 Swidnica, Poland
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After this, the specimens were subjected to 5 000
brushing cycles using a standardized brushing machine.
Following the brushing procedure, the same measure-
ment protocols, including surface roughness and micro-
hardness assessments, were repeated to evaluate the
effects of abrasion. This process was continued, with the
protected areas shielded by adhesive tape, up to 10 000
brushing cycles to observe the cumulative impact of pro-
longed mechanical stress. The tested groups in this study
were as follows (Fig. 1):

Group 1 Non-Brushing + Distilled water.

Group 2 Non-Brushing + Patent Blue V-containing whit-
ening mouthwashes.

Group 3 Non-Brushing + Charcoal-containing whitening
mouthwashes.

Group 4 Brushing+ Distilled water.

Group 5 Brushing + Patent Blue V-containing whitening
mouthwashes.

Group 6 Brushing+ Charcoal-containing  whitening
mouthwashes.
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Surface roughness analysis

Ra was evaluated using a contact mechanical profilom-
eter (Surtronic S128, Taylor Hobson Ltd., Leicester, UK)
with five um diamond tips. The device, with a 4 mm
measurement length and a 0.8 mm cutoff value, was
positioned perpendicular to the brushing traces on the
specimens. Before measurements, the device was cali-
brated using a standard plate system (Ra=0.6 pum). Ra
(um) for each specimen was measured along three lines
perpendicular to the brushing direction. Each specimen’s
average surface roughness (ARa) was calculated by taking
the mean of three measurements obtained from different
points on the specimen.

Surface microhardness analysis

The microhardness values of the composite surfaces
were obtained using a microhardness tester (Shimadzu
HMV/2L Ver 1.02, Shimadzu Corporation, Kyoto, Japan).
The measurement area was initially localized at the low-
est magnification (x10), followed by precise identification
of the indentation site at x40 magnification. A Vickers
diamond indenter was applied with a load of 100 g for
15 s, creating indentations at three points on the desig-
nated test surface of each specimen. The diagonals of the
indents were measured at x40 magnification by align-
ing horizontal lines on the screen with their endpoints.
The device automatically calculated the Vickers Hard-
ness Number (VHN) based on the indent dimensions,

Nanohybrid Compeosite Discs

!

Surface Roughness (Ra)
Vickers Hardness (VHN)

Baseline: TO M t:
! |
Distilled Water (DW) Patent Blue V (COW) Activated charcoal(CPWC)
\' =18 n=18 =18
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T1: 5000 brushing cycles
+ 6-hour immersion.

T2: 10,000 brushing cycles
+ 12-hour immersion.

T1: 6-hour immersion
T2: 12-hour immersion

T1: 5000 brushing cycles
+ 6-hour immersion.

T2: 10,000 brushing cycles
+ 12-hour immersion.

T1: 6-hour immersion
T2: 12-hour immersion

T1: 6-hour immersion
T2: 12-hour immersion

T1: 5000 brushing cycles
+ 6-hour immersion.

T2: 10,000 brushing cycles
+ 12-hour immersion.

Fig. 1 Schematic representation of study design
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including depth and edge length ratio. The average hard-
ness value for each specimen was then calculated.

Statistical analyses

A three-way mixed ANOVA was performed to evalu-
ate the effects of experimental conditions (EC), time (T),
and brushing condition (B), along with their interactions
on Ra and VHN outcomes. To further analyze the data,
one-way ANOVA followed by Bonferroni post hoc tests
were conducted to compare ARa and AVHN at each time
point and to assess differences among experimental con-
ditions under both non-brushing and brushing scenarios.
Additionally, repeated-measures one-way ANOVA with
Bonferroni post hoc tests was used to examine time-
dependent changes within each experimental condition
(ARa and AVHN). Data normality was assessed using the
Shapiro-Wilk test, while homogeneity of variance was
verified with Levene’s test. Hypotheses were tested at a
significance level of a=0.05, and statistical analyses were
conducted using IBM SPSS Statistics 26, with results
expressed as meantstandard deviation and a signifi-
cance threshold of p <0.05.

Results

The three-way mixed ANOVA (Brushing x Experimen-
tal Conditions x Time) revealed significant effects on
surface roughness (Ra) but no significant impact on
microhardness (VHN). For surface roughness, signifi-
cant main effects were found for experimental conditions
(F(2, 48)=5.752, p=0.006) and time (F(2, 96)=28.798,
p<0.001), indicating that whitening mouthwash type
and immersion duration influenced surface roughness.
Brushing showed a marginal but non-significant effect
(F(1, 48)=3.819, p=0.056). Significant interactions were
detected between brushing and time (F(2, 96)=4.135,
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»=0.019) and time and experimental conditions (F(4,
96) =2.866, p=0.027), while no significant interactions
were found between brushing and experimental condi-
tions (F(2, 48)=0.894, p=0.416) or for the three-way
interaction (F(4, 96)=0.996, p=0.414) (Table 2). The
means, standard deviations, and statistical analyses for
surface roughness and microhardness average values are
reported in Tables 3 and 4, respectively.

Surface roughness alterations (ARa)

Table 3 summarizes the mean surface roughness values
(Ra, pm) for each experimental condition at different
time points.

Non-brushing groups

In the Control and COW groups, surface roughness
remained relatively stable over time, with non-significant
increases of +0.015 pm (1.6%) and +0.055 pm (5.9%),
respectively (p=0.827 and p=0.585). In contrast, the
CPWC group showed a statistically significant increase
of +0.296 pum (31.2%) at T2 compared to baseline
(p=0.009).

At T2, CPWC exhibited the highest surface rough-
ness in the non-brushed condition (1.243+0.203 pm),
which was significantly greater than both Control
(0.932+0.056 pm, p=0.001) and COW (0.992+0.186 pm,
p=0.001). The relative increase in CPWC was 29.6%
higher than Control and 25.3% higher than COW.

Brushing groups

In all brushed groups, surface roughness increased sig-
nificantly over time (p<0.05). In the Control group,
Ra increased by +0.248 pum (26.9%) from baseline
(0.921+0.107 pm) to T2 (1.169+0.150 pum, p<0.001).
In the COW group, the increase was +0.262 pm

Table 2 Three-way mixed ANOVA results for surface roughness (Ra,um) and Vickers microhardness (VHN)

Parameter Source Type Il Sum of Squares df Mean square F p

Roughness Brushing (B) 0.062 1 0.062 3819.000 0.056
Experimental conditions (EC) 0.187 2 0.094 5752 0.006°
Time (T) 1.078 2 0.539 28.798 <0.001°
Bx EC 0.029 2 0.015 0.894 0416
BxT 0.155 2 0.077 4135 0.019°
TxEC 0.215 4 0.054 2.866 0.027 2
BxTxEC 0.075 4 0.019 0.996 0414

Microhardness Brushing (B) 0.392 1 0.392 0.199 0.657
Experimental conditions (EC) 5.644 2 2.822 1433 0.249
Time (T) 26.980 2 13.490 2.079 0.131
BxEC 6.098 2 3.049 1.548 0.223
BXT 5.106 2 2.553 0.393 0.676
TxEC 19.095 4 4.774 0.736 0.570
BxTxEC 34.658 4 8.665 1.335 0.262

EC: Experimental conditions; B: Brushing conditions; T: Time; BXEC: Brushing conditions versus Experimental conditions; TXEC: Time versus Experimental conditions;

BXTXEC: Brushing conditions versus Time versus Experimental conditions.

2 Significant difference(p < 0.05)
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Table 3 Mean(+standard deviation) of surface roughness (Ra,um) according to experimental conditions (EC) and time (T) for each

brushing condition (B)

Experimental Conditions Time

TO

Non Brushing

Control 0917 (+0.085) "2
cow 0.937 (£0.067) "
CPWC 0.947(x0.47) A
p? 0.641

Brushing

Control 0.921(+0.107)"
cow 0.931(0.114)"
CPWC 0.933(0.085)"
p° 0.964

T T2 p°
0.930(+0.059)* 0.932 (£0.056)" 0.827
0.974(£0.192)* 0.992 (+0.186)" 0.585
1.159 (£0.315)A% 1.243 (£0.203)% 0.009 ¢
0077 0.001¢

0.994(+0.123)" 1.169(x 0.150)*° <0.001 ¢
1.078(+0.124)%2b 1.193(+0.175)*° <0001 ¢
1.178(£0.311)" 1.244(x0272)"° 0.012°¢
0.188 0.732

2 One-way ANOVA/Bonferroni
b Repeated measures one-way ANOVA/Bonferroni

¢ Statistically significant difference (p <0.05). For each evaluation time, means with different superscript uppercase (in the columns) and lowercase (in the rows)

letters indicate a statistically significant difference (p <0.05)

Table 4 Mean (+standard deviation) of Vickers microhardness
(VHN) according to experimental conditions (EC) and time (T) for
each brushing condition (B)

Experimental Time

Conditions TO T1 T2 p°
Non Brushing

Control 403 (+2.5 423277 410 (25" 0282
cow 394 (27" 395(x19)% 407 (+28)" 0391
CPWC 41423 41522 400 (29" 0454
p° 0.271 0.042 0.682

Brushing

Control 400(=18)"  422(£23)"  412(x28/ 0.150
cow 408(+3.1)  414(x257  407(x23)" 0842
CPWC 394(£25/  404(x28)"° 41522 029
p° 0484 0328 0.756

2 One-way ANOVA/Bonferroni
b Repeated measures one-way ANOVA/Bonferroni

¢ Statistically significant difference (p<0.05). For each evaluation time, means
with different superscript uppercase (in the columns) and lowercase (in the
rows) letters indicate a statistically significant difference (p <0.05)

(28.1%) (p<0.001). The CPWC brushing group showed
the highest growth, with +0.311 pm (33.3%) from
0.933+£0.085 pm to 1.244+0.272 pm at T2 (p=0.012).

When comparing brushing versus non-brushing, sur-
face roughness at T2 in the CPWC brushing group
(1.244.£0.272 um) was similar to that in the non-brush-
ing group (1.243+0.203 pm), indicating that brushing
did not significantly amplify roughness beyond the effect
of the mouthwash alone (p>0.05). In contrast, the Con-
trol and COW groups exhibited higher Ra values under
brushing conditions than their respective non-brushing
counterparts, although these differences were not statis-
tically significant (p>0.05).

Vickers microhardness alterations (AVHN)
The mean microhardness values (VHN) across all groups
and time points are provided in Table 4.

Non-brushing groups

Microhardness remained stable over time in the Control
(p=0.282) and CPWC (p=0.454) groups, showing slight
changes of +0.8 VHN (+1.98%) and - 1.4 VHN (- 3.38%),
respectively. The COW group exhibited a transient
reduction at T1 (- 0.9 VHN, -2.5%) and a recovery at T2
(+1.3 VHN, +3.3%, p=0.391).

At T2, CPWC exhibited the most significant reduction
in VHN (-3.38%), which was significantly lower than
both Control (+1.98%) and COW (+3.3%, p=0.001). The
difference between CPWC and COW was 1.72% (-0.7
VHN).

Brushing groups

No statistically significant changes in microhardness
were observed over time in any of the brushed groups
(p>0.05). The Control group showed a non-significant
increase of +2.2 VHN (5.5%) (p=0.150), and the COW
group remained virtually unchanged (- 0.1 VHN, —0.2%,
p=0.842). The CPWC brushing group exhibited a slight
initial decrease at T1 (- 1.0 VHN, -2.5%) followed by an
increase at T2 (+2.1 VHN, +5.33%, p=0.756).

At T2, VHN values were comparable between brush-
ing and non-brushing conditions in all groups, indicating
that brushing did not significantly influence microhard-
ness over time (p > 0.05).

Discussion

The increasing demand for esthetic dental treatments
has led to the widespread use of whitening mouth-
washes containing Patent Blue V and activated charcoal.
Yet, their effects on restorative materials remain largely
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underexplored. This study evaluated the impact of Pat-
ent Blue V- and activated charcoal-containing whiten-
ing mouthwashes (COW and CPWC) on the surface
roughness (Ra), and Vickers microhardness (VHN) of
a nanohybrid resin composite under both brushed and
non-brushed conditions. The null hypothesis, which pro-
posed that these mouthwashes would not significantly
affect Ra or VHN, was partially rejected. The findings
demonstrated that CPWC significantly increased Ra,
particularly in both brushed and non-brushed groups,
whereas no significant alterations in VHN were observed
across all conditions.

Assessing the effects of prophylactic measures, such
as brushing, mouthwash use, or their combination, on
restorative materials’ surface and physical properties is
crucial for maintaining restoration integrity. Studies sug-
gest that tooth whitening can impact natural teeth and
the microhardness, surface roughness, and texture of
resin composite restorations [24, 25, 26, 27, 28].

The Ra analysis demonstrated that brushing contrib-
uted to an overall increase in surface roughness across all
experimental groups. However, the differences between
brushed and non-brushed subgroups were relatively
small, suggesting that mechanical action alone was not
the primary factor in surface roughness progression. Spe-
cifically, at T2, ARa increased by 26.9% in Control, 28.1%
in COW, and 33.3% in CPWC for brushed groups, while
the corresponding increases in non-brushed groups were
1.6%, 5.9%, and 31.2%, respectively. These findings indi-
cate that the rise in Ra was not solely due to mechani-
cal abrasion but also influenced by chemical interactions
with the whitening mouthwash solutions. The highest
increase in Ra was observed in CPWC under both con-
ditions, suggesting a synergistic effect between the abra-
siveness of activated charcoal and the mechanical effects
of brushing. While brushing alone contributed to surface
roughness in all groups, the pronounced progression
observed in CPWC indicates that abrasive particles sus-
pended in the solution may play a dominant role.

Dionysopoulos et al. [28] previously reported that
charcoal-based whitening toothpaste significantly altered
enamel surface morphology, increasing roughness and
creating crater-like structures. However, no significant
effect was observed when charcoal-based mouthwash
was combined with brushing, similar to Sultan et al. [27]
Similarly, Sultan et al. [23] found that the control group
exhibited the highest mean Ra value, followed by the
OW group, while the CP group showed the lowest mean
Ra value, indicating that whitening mouthwashes influ-
enced surface roughness differently depending on their
formulation.

In contrast, the present study demonstrated that
CPWC significantly increased Ra in nanohybrid com-
posites even in the absence of brushing, highlighting the
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material-specific nature of whitening mouthwash effects.
The distinct chemical and mechanical responses of resin
composites and enamel may explain these differences.
These findings suggest that while activated charcoal may
not inherently alter enamel roughness, its prolonged
exposure, particularly in combination with brushing, may
contribute to surface degradation in resin-based mate-
rials. Given the potential impact of increased surface
roughness on plaque accumulation and stain susceptibil-
ity, careful evaluation is necessary when recommending
charcoal-containing mouthwashes for patients with com-
posite restorations.

The significant increase in Ra, particularly in CPWC
groups, may pose esthetic and functional challenges by
promoting plaque accumulation, bacterial adhesion, and
staining. Ra values exceeding the clinically acceptable
0.2 pum threshold can enhance biofilm formation and
reduce wear resistance [6, 7, 8]. In this study, all groups
surpassed this threshold, likely due to the combined
effects of brushing, whitening mouthwash exposure, and
the limitations of the polishing process. Although the
Sof-Lex system is known for achieving optimal smooth-
ness, previous studies indicate that no composite mate-
rial reaches the 0.2 um threshold after polishing [8, 29,
30]. Mechanical brushing contributed to surface wear,
while the chemical nature of CPWC may have altered the
organic matrix of the composite, further increasing Ra.
These findings highlight the need to carefully select whit-
ening mouthwashes, particularly for patients with com-
posite restorations, as external factors such as brushing
force, application frequency, and mouthwash composi-
tion can significantly impact surface properties and long-
term clinical durability.

The between-group comparisons at T2 confirmed that
CPWC had the highest Ra increase in the non-brushed
condition, with a 29.6% higher value than Control and
25.3% higher than COW (p=0.001). In the brushed
condition, CPWC still exhibited the most significant
Ra increase, 6.4% higher than Control and 4.3% higher
than COW, although these differences were not statis-
tically significant. These results suggest that the abra-
siveness of activated charcoal played a more prominent
role in surface roughness progression than mechanical
brushing alone. Furthermore, the progressive increase
in Ra from TO to T2 in CPWC groups underscores the
importance of exposure duration as a critical factor in
surface degradation. This suggests that even short-term
use of charcoal-containing products may lead to early
surface deterioration on resin composites. These results
agree with previous studies that identified mechani-
cal abrasion as a major contributor to surface wear and
roughness changes [31, 32]. The findings emphasize the
universal impact of brushing on surface degradation
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while suggesting that chemical interactions—particularly
those involving abrasive agents—may exacerbate these
effects.

Several studies have reported that mouthwashes, par-
ticularly those with low pH and alcohol, can degrade
the resin matrix, leading to reductions in microhard-
ness and increased surface roughness [1, 13, 14, 15, 16,
17, 18]. However, in this study, no statistically significant
changes in VHN were observed, likely due to the neutral
to slightly alkaline pH of the tested mouthwashes (COW:
7.0; CPWC: 7.9). Under non-brushed conditions, CPWC
exhibited a minor but statistically significant decrease in
VHN (-1.4 VHN, -3.38%), which was lower than both
Control (+0.8 VHN, +1.98%) and COW (+1.3 VHN,
+3.3%). This reduction may be attributed to the interac-
tion between activated charcoal and the polymer matrix,
as the adsorptive nature of charcoal could influence sur-
face properties over time.

Conversely, in the brushed condition, CPWC dem-
onstrated a non-significant increase in microhardness
(+2.1 VHN, +5.33%), reaching the highest recorded
VHN value at T2 (41.5 +2.2). This trend toward increased
surface hardness may be related to the mechanical pol-
ishing effect of brushing, which could remove the outer-
most resin layer and expose more densely cross-linked
or filler-rich regions. Alternatively, brushing might com-
pact the surface, increasing localized hardness. Despite
the abrasive potential of charcoal, the composite’s over-
all microhardness remained stable, suggesting that its
internal mechanical structure was preserved. These con-
trasting results align with prior findings that immersion
in distilled water or neutral solutions may lead to slight
increases in microhardness due to continued polymer
cross-linking and water absorption [13, 33].

Hamdy et al. [1] reported a significant reduction in
nanohybrid resin composites’ microhardness follow-
ing exposure to whitening mouthwashes, including
Chlorhexidine, Listerine Green Tea, and Colgate Optic
White. In contrast, the present study did not observe
any statistically significant decrease in VHN, suggesting
that the tested composite material demonstrated higher
resistance to chemical degradation under the evaluated
conditions. This discrepancy may be attributed to com-
positional differences among resin composites, particu-
larly in filler type, content, and polymerization dynamics,
which influence a material’s chemical stability and
mechanical response.

The findings of the current investigation underscore
that although whitening mouthwashes—particularly
those containing activated charcoal—significantly influ-
ence surface roughness, their impact on microhardness
remains minimal. Nevertheless, the mechanical and
chemical behavior of resin composites highly depends
on their formulation. In this study, Clearfil Majesty™
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Esthetic, a widely used multi-shade nanohybrid com-
posite designed for anterior restorations, was selected
owing to its high mechanical strength, esthetic potential,
and broad clinical applicability [34, 35]. While using this
well-characterized material enhances the comparabil-
ity of results with existing literature, it also constitutes
a methodological limitation, as findings derived from a
single formulation cannot be generalized to all compos-
ite types. Resin composites with differing filler particle
morphology, size distribution, and polymer matrices may
exhibit divergent responses to chemical or mechanical
challenges posed by whitening agents.

To date, no prior studies have systematically investi-
gated the effects of mouthwashes containing Patent Blue
V or activated charcoal on the surface properties of resin
composites. This novelty restricts direct comparisons but
simultaneously highlights the relevance of the present
findings. However, certain methodological constraints
should be acknowledged when interpreting the results.
The in vitro nature of the study does not fully replicate
the complex dynamics of the oral environment, where
variables such as salivary flow, enzymatic activity, ther-
mal fluctuations, and biofilm formation significantly
influence the aging and degradation of restorative mate-
rials. Although the brushing simulation employed a stan-
dardized load and motion pattern, it did not account for
interindividual variations in brushing frequency, force,
and technique. Furthermore, the immersion model used
for mouthwash exposure may not entirely reflect clini-
cal usage patterns, in which exposure times and rinsing
behaviors are more transient and varied.

Future research should address these limitations by
incorporating multiple resin composite formulations
with varying filler technologies and polymer matrices
and simulating more clinically relevant conditions, such
as thermocycling, pH cycling, and biofilm activity. Lon-
gitudinal in vivo or situ designs would provide greater
insight into the cumulative effects of whitening mouth-
washes on restorative materials and allow evaluation of
additional outcomes, such as color stability, wear resis-
tance, and bacterial adhesion.

Despite these limitations, the current study provides
valuable preliminary evidence regarding the influence
of activated charcoal-containing mouthwashes on nano-
hybrid resin composites. The methodological rigor
employed—including controlled brushing simulation,
standardized polishing, and repeated measurements—
enhances the internal validity of the findings. These
results contribute to the evolving knowledge that informs
clinical decision-making, particularly in selecting oral
hygiene products that preserve resin-based restorations’
esthetic and functional integrity.

From a clinical perspective, future studies should aim
to develop evidence-based oral hygiene protocols that
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optimize whitening efficacy while minimizing surface
degradation. Investigations focusing on mitigating sur-
face roughness, enhancing composite resilience, and
understanding the long-term interaction between whit-
ening agents and restorative materials will aid in for-
mulating recommendations that sustain both esthetic
outcomes and material longevity.

Conclusion

This study demonstrated that whitening mouthwashes,
particularly those formulated with activated charcoal,
significantly increased the surface roughness of nanohy-
brid resin composite, with the most pronounced altera-
tions observed in the CPWC groups. Brushing further
exacerbated this effect, indicating a synergistic interac-
tion between chemical and mechanical degradation pro-
cesses. In contrast, no statistically significant changes
were detected in microhardness, suggesting that the
composite’s internal mechanical integrity was not com-
promised despite surface-level deterioration.

From a clinical standpoint, these findings underscore
the potential risks associated with the routine use of
activated charcoal-containing mouthwashes in patients
with composite restorations. Although microhard-
ness remained stable, the substantial increase in surface
roughness may predispose restorations to plaque accu-
mulation, staining, and premature wear. Therefore, care-
ful consideration should be given when recommending
whitening mouthwashes, with emphasis placed on select-
ing formulations that preserve both the esthetic and
functional longevity of restorative materials.
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