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Abstract
Background This study aimed to investigate the effect of whitening toothpastes on the color stability and surface 
roughness of resin composites stained with coffee and cigarette smoke.

Methods Seventy-two disk-shaped specimens (6 × 2 mm) of suprananohybrid resin composite were randomly 
divided into two groups and exposed to coffee and cigarette smoke (n = 36). After staining, the samples randomly 
divided into four groups according to whitening toothpastes and were brushed for 4 min: Opalescence Whitening 
(OW); Colgate Optic White (COW); Curaprox Black is White (CPX) and, distilled water (control) (n = 9). Color was 
measured with spectrophotometer at the initial, after staining, and after brushing, and surface roughness was 
measured with profilometer at the initial and after brushing. A surface morphology analysis was examined using 
scanning electron microscopy and atomic force microscopy. The obtained data were statistically analyzed. (p < 0.05).

Results Cigarette smoke caused a significantly higher color change than coffee in the resin composite (p < 0.05). 
Brushing with hydrogen peroxide and silica-containing whitening toothpaste showed significant differences in 
color change (p < 0.05). The lowest whitening effect was found in activated charcoal-containing toothpaste. While all 
toothpastes increased the degree of surface roughness of resin composites, the highest roughness was caused by 
whitening toothpastes containing activated charcoal. (p < 0.05).

Conclusions The color stability and surface properties of resin composites can be affected by brushing them with 
whitening toothpaste. The utilization of whitening toothpaste containing hydrogen peroxide can be considered a 
safe method for increasing the whiteness of discolored resin composites.
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Introduction
In modern dentistry procedures, resin composites are 
frequently used in both anterior and posterior restora-
tions because they provide natural esthetics with a con-
servative approach and adequate bonding to the tooth 
structure (1). Color stability is one of the leading factors 
determining clinical prognosis [2]. Resin composite res-
torations are sensitive to color change when exposed to 
various foods and beverages [3, 4]. Tobacco products use 
is also known as one of the high risk factors for discolor-
ation [5]. Thousands of compounds, including tar, nickel, 
arsenic, carbon monoxide, ammonia, and heavy metals 
like cadmium and lead, are found in cigarette smoke [6]. 
This smoke causes yellowing and even darkening on the 
surfaces it comes into contact with [7]. Studies in the lit-
erature show that cigarette smoke causes clinically unac-
ceptable discoloration of resin composites [8–12].

Patients’ desire for a whiter, brighter, and healthier 
smile constantly increases the demand for esthetic den-
tistry. One of the approaches to achieving high esthetic 
results is whitening treatment, which is considered a 
non-invasive method. Whitening treatments, which are 
an effective method for removing or reducing stains on 
teeth, include many techniques and approaches such as 
different whitening agent contents, concentrations, and 
applications [13]. Nowadays, there is an increase in the 
usage of over-the-counter (OTC) whitening products that 
patients can apply themselves. Although there are many 
OTC products such as dental floss, gum, and mouthwash, 
the highest proportion is whitening toothpaste [14]. The 
abrasive qualities or specific chemical ingredients like 
aluminum oxide, silica, sodiumibicarbonate, carbamidex-
peroxide (CP), and hydrogenxperoxide (HP) allow whit-
ening toothpastes to more effectively clean surfaces [15]. 
It is has been stated that toothpastes containing activated 
charcoal, which have recently been launched as a new 
product, are effective in removing external stains thanks 
to their high adsorption capacity [16].

Surface roughness is one of the factors affecting color 
stability [17, 18]. Abrasion from brushing and the abra-
sive particles in toothpaste can degrade the resin com-
posite’s appearance, increase surface roughness and 
decrease polishing, and alter plaque buildup, which can 
discolor it [19]. Based on this information; in this vitro 
study it is aimed to comparatively evaluate the effect of 
whitening toothpastes with various active ingredients on 
the color change and surface roughness of supranano-
hybrid resin composite stained with coffee and cigarette 
smoke. In this research, three following null hypotheses 
are investigated:

1. There would be no difference in color change 
between staining with coffee and with cigarette 
smoke.

2. Whitening toothpastes would not affect the color 
change and surface roughness of the stained resin 
composite.

3. There would be no difference between whitening 
toothpastes in terms of whitening effectiveness and 
roughness.

Materials and methods
Sample size calculation
The power of the sample size was calculated by G*Power 
software (G*Power Ver. 3.1.9.4, Heinrich-Heine Dus-
seldorf University, Dusseldorf, Germany) with a 95% 
confidence interval, an 80% power, and 0.50 effect size 
values for 72 samples according to one-way ANOVA-
type power analysis. Nine samples per group were calcu-
lated as minimum sample size.

Preparation of sample
The composition of the resin composite used is given in 
Table 1. In the research, seventy-two composite samples 
(Shade A2) were fabricated in disk-shaped plastic mold 
(6 × 2  mm). After covering transparent mylar strip on 
samples, they were light cured under a glass slab by using 
the a LED light cure device (Valo Cordless, Ultradent, 
South Jordan, UT, USA) with 1000 mW/cm2 of power 
intensity for 20 s. After polishing the samples’ upper sur-
faces using discs covered in aluminum oxide (Sof-Lex, 
3  M ESPE, USA), they were stored at 37  °C in distilled 
water for 24 h [20].

Staining of the samples
Based on the coffee and cigarette smoke process utilized 
in the study for staining process, two groups were ran-
domly formed from the prepared samples.(n = 36) As 
directed by the manufacturer, 2 g of coffee powder (Nes-
cafe Classic, Nestlé; Turkey) and 200 milliliters of boiling 
distilled water were dissolved to create the coffee solu-
tion. A 24-hour immersion simulates around 30 days 
of consistent coffee drinking [21]. To simulate a year’s 
worth of intake, all samples stored in coffee solution that 
renewed after every 24 h for 14 days [22].

A special machine, similar to a previous study, was 
designed to expose the samples in the cigarette smoke 
group (Fig. 1) [23]. For this purpose, 5 holes were drilled 
at equal distances from each other in the lid of a 500 ml 
plastic box. A cigarette holder with the filter parts 
removed was placed in each hole. A sixth hole was drilled 
in the lid, and a cigarette smoke evacuation mechanism 
was placed in this hole. A vacuum pipe was placed on the 
side of the box, and a flow meter that controlled the vac-
uum machine was connected to this pipe. The samples 
were placed in groups of nine into a storage container, 
and the cigarettes placed in all mouthpieces (Marlboro, 
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RedLong, Philsa A.Ş., Izmir, Turkey) were lit. The vac-
uum machine was started with the vacuum speed set at 
1  L/min, the vacuum machine was stopped every 60  s, 
and the evacuation mechanism was operated for 2 s. The 
process continued until we reached the filter part of the 
cigarettes. In total, one cycle lasted 10 min. Each group 
cycled four times.

Brushing procedures
After the staining process was completed, samples in 
both groups were divided into four test subgroups, each 
containing nine randomly selected composite samples, to 
test the following whitening toothpastes (na = 9). Except 
for the control group, each stained composite specimens 
was brushed manually with whitening toothpaste pre-
pared with distilled water indicated in Table  1 in a 1:1 
ratio using an electric toothbrush (Oral B Genius 8000, 
Braun, Germany) according to manufacturer’s intructions 

[24]. For the same amount of time, the samples in the 
control group were just brushed with distilled water. For 
a total of 240 s per day, people spend two minutes brush-
ing their teeth twice a day. An individual with thirty-two 
teeth brushes each tooth for eight seconds on average 
each day [22]. Consequently, samples were brushed for 
four minutes to replicate a month of brushing.

Color change (ΔE00) measurements
The color measurements were done utilizing a spectro-
photometer (VITA Easyshade V, VITA Zahnfabrik) with 
a standard light source (D65) at the beginning (T0), after 
staining (T1), and after brushing (T2). Three succes-
sive measurements were taken in the central areas, and 
the mean values for the L*, a*, and b* parameters were 
applied into the CIEDE2000 formula. While the color 
change that occurs after the initial and staining was 
considered ΔE001 (T0-T1), the color change that occurs 

Table 1 Whitening toothpastes and resin composite used in the study
Product Manufacturer Composition
Opalescence 
Whitening (OW)

Ultradent Products, 
South Jordan, Utah, 
USA

Sodium Fluoride, Glycerin, Water (aqua), Silica, Sorbitol, Xylitol, Flavor (aroma), Poloxamer 407, Sodium 
Lauryl Sulfate, Carbomer, Sodium Benzoate, Sodium Hydroxide, Sucralose, Xanthan Gum, CI42090, 
CI19140, CI77019, CI77891.

Colgate Optic 
White (COW)

Colgate-Palmolive 
Company NY, USA

Sodium Fluoride 0.24% (0.15% w/v fluoride ion), Water, Hydrated Silica, Sorbitol, Glycerin, PEG-12, 
Pentasodium Triphosphate, Tetrapotassium Pyrophosphate, Sodium Lauryl Sulfate, Flavor, Cellulose Gum, 
Cocamidopropyl Betaine, Sodium Saccharin, Xanthan Gum, Charcoal Powder, Sodium Hydroxide, Blue 1, 
Red 40, Titanium Dioxide

Curaprox Black is 
White (CPX)

Curaprox, CURADEN 
AG Kimbolton, 
Switzerland

Sodium Monofluorophosphate (0.723%), Potassium Thiocyanate (0.02%), Aqua, Sorbitol, Glycerin, Hydrat-
ed Silica, Charcoal Powder, Aroma, Argilla, Decyl Glucoside, Cocamidopropyl Betaine, Sodium Monofluo-
rophosphate, Tocopherol, Mica, Xanthan gum, Hydroxyapatite (nano), Titanium Dioxide, Microcrystalline 
Cellulose, Maltodextrin, Potassium Acesulfame, Sodium Benzoate, Potassium Chloride, Potassium 
Sorbate, Menthyl Lactate, Methyl Diisopropyl Propionamide, Ethyl Menthane Carboxamide, Zea Mays 
Starch, Stearic Acid, Cetearyl Alcohol, Citrus Limon Peel Oil, Citric Acid, Lactoperoxidase, Glucose Oxidase, 
Amyloglucosidase, Tin Oxide, Sodium Bisulfite, Hydrogenated Lecithin, Limonen, CI75810, CI77289.

Estelite Sigma 
Quick

Tokuyama Dental
Corporation, Japan

82% by weight (71% by volume) of silicazirconia filler and composite filler, BISGMA, TEGDMA

Fig. 1 Diagram of smoke chamber. Direction of air flow for intake depicted with black arrows. At the bottom, circular shapes show disc specimens
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between staining and brushing was ΔE002 (T1-T2). The 
following formulation was used to calculate ΔE00:
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In this research, the CIEDE2000 formula’s parametric 
factors were set to 1. ΔE00 > 0.8 was the threshold for per-
ceptibility, while ΔE00 < 1.8 was the criterion for clinical 
acceptability [25, 26].

Surface roughness (Ra) measurements
Ra measurements of samples were performed at the ini-
tial and after brushing through a surface profilometer 
(Mitutoyo Surftest/SJ-301, Tokyo, Japan). Using a 0.8 mm 
tracing length, a 0.1 mm/s stylus speed, and a 0.25 mm 
cutoff length, three measurements were made for each 
specimen at different locations and orientations. The 
mean of three readings was used to determine the aver-
age Ra value for each specimen.

Surface topography analyzes
One specimen randomly selected from each group was 
analyzed by scanning electron microscopy (SEM) and 
atomic force microscopy (AFM) at the initial and after 
brushing. For SEM analysis, after gold sputtering, the 
specimens were examined under 500x magnification and 
at a speed of 15kv (SEM, FEI Quanta 450 FEG, Hillsboro, 
OR, USA).

With AFM analysis (Park System XE-100, Santa Clara, 
CA, USA), the surface topography of the samples was 
examined in areas of 10  μm×10  μm with a tip operat-
ing in contact mode with an average scanning speed of 
1  Hz. Images with a resolution of 512 × 512 pixels were 
obtained from the samples.

Statistical analysis
Data were examined via IBM SPSS V23 and JAMOVI 
V28. Shapiro-Wilk and Kolmogorov-Smirnov tests were 
implemented to confirm the homoscedasticity and dis-
tribution of the data. The independent sample T-test and 
two-way ANOVA were used for the statistical analysis of 
the ΔE00 values, and multiple comparisons took place 
through implementing the Turkey post hoc test. The Ra 
values were compared using the Bonferroni correction 
and the robust ANOVA test (p < 0.05).

Results
Regardless of the whitening toothpaste groups, means 
and standard deviations of ΔE001 values after staining 
are given in Table  2. According to the results, all sam-
ples after both staining agents exhibited a color change 
above the clinically acceptable threshold (ΔE001 ≥ 1.8) 
[26]. However, independent sample t-test results showed 
that cigarette smoke caused significantly more coloration 
than coffee (p < 0.001).

The means and standard deviations of ΔE002 values 
are given in Table 3. The results of ANOVA test results 
showed that the staining agents (p = 0.018), whitening 
toothpastes (p < 0.001), and their interaction were sta-
tistically noteworthy (p = 0.006). When the results were 
examined, all whitening toothpastes except the CPX 
group exhibited clinically acceptable color improve-
ment in both coloring media. According to the Tukey 
test results, the highest color improvement was observed 
in COW in the cigarette group, and this value showed a 
statistically significant difference from the other tooth-
paste groups (p < 0.05). The lowest color change value 
was again seen in CPX in the cigarette smoke group, and 
compared to the control group, this value was notice-
ably lower (p < 0.05). The OW group showed similar color 
improvement on samples in both the coffee and cigarette 
smoke groups (p > 0.05).

The mean Ra values and standard deviations of the 
whitening toothpastes depending on staining agent and 
time are given in Table 4. The robust ANOVA test results 
revealed that surface roughness values in all groups 
increased after brushing with whitening toothpaste and 
that there was a significant difference between time-
dependent surface roughness values (p = 0.001). When 
the results were examined, it was observed that the whit-
ening toothpaste groups after brushing showed higher 
roughness values than the control group (p < 0.05). In 

Table 2 Means (standard deviations) of color change (ΔE001) 
values according to staining agents
Staining agent ΔE001 Test statistics P-value
Coffee 7.3 (1.4)A -6.395 < 0.001
Cigarette smoke 9.5 (1.51)B

Note Different letters (A, B) indicate a statistically significant difference between 
the groups. (p < 0.05)

Table 3 Means (standard deviations) of color change (ΔE002) of resin composites after brushing
Staining agent Whitening toothpaste P-value

OW COW CPX Control
Coffee 1.74 (0.33)AB 1.46 (0.16)ABC 1.23 (0.58)BC 1.26 (0.25)BC 0.006
Cigarette smoke 1.85 (0.42)AB 1.9 (0.6)A 0.95 (0.43)C 1.99 (0.5)A

Note Different letters indicate a statistically significant difference between the groups. (p < 0.05)
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both coloring environments, the highest surface rough-
ness value after brushing was seen in the OW group 
(p < 0.05); CPX exhibited similar roughness behavior in 
the cigarette smoke group to the OW group. (p > 0.05) 
The lowest surface roughness value was found in the con-
trol group (p < 0.05). COW gave similar roughness values 
as the control group in the coffee group. (p > 0.05).

Surface topography evaluation
The SEM and AFM images of the changes occurring on 
the sample surfaces at the initial and after brushing are 
shown in Figs. 2 and 3, respectively. A qualitative analy-
sis of the SEM micrographs presented that the brushing 

protocol with whitening toothpaste produced surface 
changes in the form of lines and scratches on the tested 
surfaces compared to the baseline micrographs (Fig.  2). 
Unlike the control group, rough surfaces were more evi-
dent on the sample surfaces in the toothpaste-applied 
groups. More frequent and deeper scratches and grooves 
were detected on the surface of the OW applied samples 
compared to other toothpaste groups. In the 3D exami-
nation, more irregular areas, distinct peaks, and deep val-
leys were observed on the surface in the OW and CPX 
groups in comparison to the control group (Fig. 3). The 
SEM images and three-dimensional surface topographies 

Table 4 Means (standard deviations) of surface roughness (Ra) of resin composites at initial and after brushing
Staining agent Whitening toothpaste İnitial After brushing P-value
Coffee OW 0.13 (0.02)AB 0.26 (0.03)ABC 0.04

COW 0.10 (0.01)A 0.14 (0.01)AB

CPX 0.14 (0.02)AB 0.26 (0.02)C

Control 0.10 (0.01)A 0.13 (0.02)AB

Cigarette smoke OW 0.15 (0.02)ABC 0.29 (0.06)ABC

COW 0.12 (0)A 0.21 (0.02)BC

CPX 0.15 (0.03)ABC 0.28 (0.04)ABC

Control 0.10 (0.01)A 0.10 (0.01)A

Note Different letters indicate a statistically significant difference between the groups. (p < 0.05)

Fig. 2 Representative scanning electron microscope (SEM) images of resin composite surfaces at initial and after brushing with distilled water and whit-
ening toothpastes on coffee and cigarette smoke groups. (x500 magnification)
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via AFM were compatible with the statistical evaluation 
of Ra values (Table 4).

Discussion
Ensuring color harmony and preserving the color of 
the restorative material during clinical use is critical to 
achieving esthetic results [4]. In the study, the effect of 
whitening toothpastes on the color change and surface 
roughness of resin composite stained with coffee and cig-
arette smoke was examined. The results obtained showed 
that coffee and cigarette smoke caused discoloration 
of the resin composite above the clinically acceptable 
threshold and that cigarette smoke caused more color 
change than coffee discoloration. Therefore, the first null 
hypothesis of the study was rejected.

It is well known that smoking stains teeth and restora-
tions [5, 8, 10, 11]. Tar in cigarette smoke is considered 
a substance that causes discoloration of teeth and res-
torations due to its color and adhesion properties [11]. 
When tobacco is burned, additional compounds are pro-
duced that end up in cigarette smoke or are transferred 
from the tobacco to the smoke by heating. Some of these 
ingredients, such as sugar and cocoa, can be responsible 

for discoloration [10]. While there are various studies in 
the literature investigating the impacts of staining agents 
on resin composites, number of studies comparing ciga-
rette smoke and staining agents together are very few [8, 
10–12]. A previous study made a comparison regarding 
the impacts of different coloring agents on color change 
in resin composites and results was attributed the higher 
color change caused by cigarette smoking than coffee to 
the pigmentation of the tar contained in the cigarette 
[11]. In a similar study where coffee, cigarette smoke 
and various coloring agents were evaluated, high ciga-
rette coloration on resin composites was attributed to 
the dark color resulting from the oxidation of nicotine 
in the structure (12). Considering previous studies, in 
this study, the pigmentation and adhesive properties of 
the components in the structure of cigarette smoke may 
explain the high coloration caused by cigarette smoke.

In the study, the second null hypothesis was rejected 
due to the increase in whitening effect and roughness 
after brushing in resin composites. When ΔE002 was 
evaluated, has shown in Table 3 color change values were 
higher than 0.8 hence exceeding the perceptibility thresh-
old [25]. However, acceptability values of whitening 

Fig. 3 Representative atomic force microscopy (AFM) images of resin composite surfaces at initial and after brushing with distilled water and whitening 
toothpastes on coffee and cigarette smoke groups
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toothpastes varied. The results showed a significant color 
change in the cigarette smoke group after brushing. At 
the end of brushing, the most effective whitening was 
seen in the COW group while CPX could not improve 
the color in the coffee and cigarette smoke groups. When 
surface roughness was evaluated, high roughness values 
were observed in the OW and CPX groups after brushing 
while the COW roughness increase was seen to be lower 
than the other paste groups. Consequently, the study’s 
third null hypothesis was also rejected.

The primary whitening effect of toothpastes is deter-
mined by the interaction of peroxide compounds with 
abrasive materials, surfactants, polyphosphates, and 
enzymes [27]. To benefit from the oxidative function 
of HP, which is a peroxide compound, some whitening 
toothpastes contain trace amounts of this ingredient. The 
findings of this study indicated that brushing with COW 
was effective in improving the color of the resin compos-
ite and caused the highest color change in comparison 
to other toothpastes tested. The COW whitening tooth-
paste tested in the study contains HP. Previous studies 
have reported that toothpastes containing HP provide 
adequate whitening [28, 29]. COW toothpaste contains 
abrasive substances (silica, calcium, and pyrophosphate) 
in addition to the chemical component in its formula-
tion [28]. The synergistic effect of these abrasives and 
chemicals may have contributed to COW’s more effective 
removal of stains from resin composites. The OW tested 
in the study contained only silica as a whitening ingredi-
ent. The information obtained can only explain the lower 
colorant effect of OW containing silica than COW con-
taining silica and HP.

Activated charcoal has recently been widely used in 
toothpastes because of its purported whitening effect. 
Activated charcoal-based toothpastes work by using the 
adsorption capacity of charcoal to remove pigments, 
chromophores, or extrinsic stains that cause teeth to 
naturally change color [16]. Activated charcoal has a very 
large surface area and quite porosity that enables effective 
and gradual cleaning. CPX, a charcoal-based toothpaste 
examined in the study, showed little color improvement 
compared to other whitening toothpastes. A previous 
study claimed that toothpaste containing activated char-
coal exhibited a lower whitening impact than toothpaste 
with HP content [28]. Similarly, a recent study evaluated 
the whitening effectiveness of whitening toothpastes on 
colored resin composite and found that activated char-
coal showed significantly lower color change than HP 
and silica-containing toothpastes [30]. On the other 
hand, there are contradictory results in the literature. A 
published study reported that there was no difference 
between HP and activated charcoal toothpastes [16]. 
In another study examining the color stability of resin 
composites, it was reported that toothpaste containing 

activated charcoal caused high color change [31]. There 
are few studies on the possible effects of activated char-
coal on resin composites [28, 30, 32]. Therefore, the dif-
ferences between existing studies are attributed to factors 
such as the type of resin composite tested, the brand of 
toothpaste used, the brushing procedure, and its dura-
tion. Furthermore, a systematic review reported that the 
efficacy of whitening toothpaste with a charcoal compo-
nent is still debatable and uncertain, as well as the fact 
that it has possible side effects [33].

In this research, it was observed that the surface rough-
ness increased in all whitening toothpaste groups after 
brushing compared to the initial values. Previous stud-
ies have shown that resin composites wear out as due to 
brushing, and the remaining filler particles create a rough 
surface [29, 33]. However, the changes seen in the sur-
face in the toothpaste groups after brushing in the AFM 
images confirm the findings of surface roughness.

Any restoration’s surface roughness is clinically inter-
preted as encouraging the creation of oral biofilm and 
bacterial adherence to the surface, both of which have 
a direct impact on periodontal health [34]. A study has 
shown that surface roughness above 0.2  μm facilitates 
bacterial colonization on composite surfaces [35]. In 
addition, a high level of roughness disrupts the esthetic 
appearance of composite restorations by changing their 
color and brightness [18]. The study shows that OW 
and CPX toothpastes cause a surface roughness of over 
0.2  μm. The structure of the resin composite, the type 
of brush, and the content of the toothpaste are effec-
tive in the abrasion of toothbrushes and toothpastes on 
resin composites [36]. It has been discovered that silica 
and hydrated-silica toothpastes can result in surface 
roughness above roughness threshold value after brush-
ing [29, 33]. A similar study confirmed that silica-con-
taining toothpastes create a rough surface structure on 
resin composites [26]. In parallel with these results, in 
this study, it is thought that the high roughness created 
by OW, a silica-containing whitening toothpaste, in resin 
composites may be due to the high abrasiveness of silica 
particles.

Although activated charcoal has been reported to have 
a high binding capacity, including pigments and chro-
mophores with great color changing potential, there is 
still a lack of information regarding its shape, composi-
tion, and particle sizes. In a recent research examining 
the surface impacts of toothpastes on resin composites, 
it was reported that high roughness values were obtained 
in toothpaste containing activated charcoal [37]. In this 
study, examination of the resin surface after brushing in 
the CPX group revealed an irregular surface, which was 
consistent with high surface roughness values. To the 
contrary, One study stated that toothpaste containing 
activated charcoal created lower surface roughness as 
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opposed to toothpaste containing silica [32]. There are 
few studies in the literature on the effectiveness of acti-
vated charcoal on the surface roughness of resin com-
posites. Therefore, it can be assumed that the different 
findings regarding activated charcoal-based toothpaste 
are a result of differences in application and materials, 
possibly combined with the size, shape, and abrasiveness 
degree of the charcoal particles used.

HP has oxidation and reduction abilities and shows its 
effect by creating free radical species. Therefore, it has the 
potential to damage the resin-filler interface and increase 
surface roughness [38]. However, an earlier study stated 
that the surface roughness of the resin composite is not 
significantly affected by low concentrations of HP in 
toothpaste [39, 40]. Therefore, in this study, COW con-
taining low concentration of HP did not result in a sig-
nificantly increase in surface roughness in comparison to 
other whitening toothpastes, which is compatible with 
other studies.

The proposed in vitro research presents a few limita-
tions. The fact that the study is an in vitro study causes 
factors such as thermal fluctuations in the oral environ-
ment, saliva cleaning, and biofilm adhesion to not be 
reflected. Another limitation of the study is that tooth 
brushing was done with toothpaste diluted with distilled 
water. Clinically, the existance of ions and enzymes in 
saliva may reduce the impact on samples. However, it 
should be noted that the spectrophotometer device used 
in color measurements is a clinical device and is not rec-
ommended for in-vitro tests [41]. Future investigations 
are required to examine the long-term effects of whiten-
ing toothpaste and to test results with clinical studies.

Conclusions
Within the limitations of current research, cigarette 
smoke caused more discoloration of resin composites 
than coffee. Hydrogen peroxide-based toothpaste was 
shown to reduce discoloration and cause less surface 
roughness in resin composites. Activated charcoal-based 
toothpaste failed regarding color improvement and sur-
face roughness.

Abbreviations
OTC  Over-the-counter
HP  Hydrogenxperoxide
CP  Carbamidexperoxide
SEM  Scanning electron microscopy
AFM  Atomic force microscopy
SPSS  Statistical package for the social sciences

Acknowledgements
Not applicable.

Author contributions
Research idea: S.G.Design of the study: S.G. and Ö.F.OAcquisition of data for 
the study: S.G Analysis of data for the study: S.G. and Ö.F.OInterpretation of 
data for the study: S.G. Drafting the manuscript: S.G. and Ö.F.ORevising it 

critically for important intellectual content: S.G. and Ö.F.OFinal approval of the 
version to be published: S.G. and Ö.F.O.

Funding
Not applicable.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request due to privacy reasons and 
large data size.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 April 2024 / Accepted: 23 July 2024

References
1. da Cas NV, Ruat GR, Bueno RP, Pachaly R, Pozzobon RT. Effect of whiten-

ing toothpaste on superficial roughness of composite resin. Gen Dent. 
2013;61(4):8–11.

2. Lainović T, Blažić L, Kukuruzović D, Vilotić M, Ivanišević A, Kakaš D. Effect of 
diamond paste finishing on surface topography and roughness of dental 
nanohybrid composites–AFM analysis. Procedia Eng. 2014;69:945–51.

3. Manabe A, Kato Y, Finger WJ, Kanehira M, Komatsu M. Discoloration 
of coating resins exposed to staining solutions in vitro. Dent Mater J. 
2009;28(3):338–43.

4. Şişmanoğlu S. Factors influencing the Color Stability of Nano-filled Compos-
ite Resin. Essent Dent. 2022;1(3):77–83.

5. Paolone G, Pavan F, Mandurino M, Baldani S, Guglielmi PC, Scotti N, et al. 
Color stability of resin-based composites exposed to smoke. A systematic 
review. J Esthet Restor Dent. 2023;35(2):309–21.

6. McMann D. Tobacco use and oral health. JADA. 1989;118:19–25.
7. Ness L, Rosekrans DL, Welford JF. An epidemiologic study of factors affecting 

extrinsic staining of teeth in an English population. Community Dent Oral 
Epidemiol. 1977;5(1):55–60.

8. Zanetti F, Zhao X, Pan J, Peitsch MC, Hoeng J, Ren Y. Effects of cigarette smoke 
and tobacco heating aerosol on color stability of dental enamel, dentin, and 
composite resin restorations. Quintessence Int. 2019;50(2):156–66.

9. Mathias P, Silva LD, Costa L, Sampaio MD, de Araujo RP, Cavalcanti AN. Effect 
of surface sealant and repolishing procedures on the color of composite 
resin exposed to cigarette smoke. Gen Dent. 2010;58(4):331–5.

10. Wasilewski M, de Takahashi S, Kirsten MK, de Souza GA. Effect of cigarette 
smoke and whiskey on the color stability of dental composites. Am J Dent. 
2010;23(1):4–8.

11. Mathias P, Rossi TA, Cavalcanti AN, Lima MJ, Fontes CM, Nogueira-Filho GR. 
Cigarette smoke combined with staining beverages decreases luminosity 
and increases pigmentation in composite resin restorations. Compendium. 
2011;32(2):66–70.

12. Zhao X, Zanetti F, Wang L, Pan J, Majeed S, Malmstrom H, et al. Effects of 
different discoloration challenges and whitening treatments on dental hard 
tissues and composite resin restorations. J Dent. 2019;89:103182.

13. Joiner A. The bleaching of teeth: a review of the literature. J Dent. 
2006;34(7):412–9.

14. Abdelmegid FY. Effect of whitening toothpastes on bonding of restorative 
materials to enamel of primary teeth. Niger J Clin Pract. 2016;19(2):242–7.

15. Sharif N, MacDonald E, Hughes J, Newcombe RG, Addy M. The chemical stain 
removal properties of’whitening’toothpaste products: studies in vitro. Br 
Dent J. 2000;188(11):620–4.

16. Vaz VTP, Jubilato DP, de Oliveira MRM, Bortolatto JF, Floros MC, Dantas AAR, 
et al. Whitening toothpaste containing activated charcoal, blue covarine, 



Page 9 of 9Gömleksiz and Okumuş BMC Oral Health          (2024) 24:860 

hydrogen peroxide or microbeads: which one is the most effective? J Appl 
Oral Sci. 2019;27:e20180051.

17. Rodrigues CS, Nora BD, Mallmann A, May LG, Jacques LB. Repolishing resin 
composites after bleaching treatments: effects on color stability and smooth-
ness. Oper Dent. 2019;44(1):54–64.

18. Cavalcante LM, Masouras K, Watts DC, Pimenta LA, Silikas N. Effect of 
nanofillers’ size on surface properties after toothbrush abrasion. Am J Dent. 
2009;22(1):60–4.

19. Takahashi R, Jin J, Nikaido T, Tagami J, Hickel R, Kunzelmann K-H. Surface 
characterization of current composites after toothbrush abrasion. Dent Mater 
J. 2013;32(1):75–82.

20. Paolone G, Pavan F, Guglielmi PC, Scotti N, Cantatore G, Vichi A. In vitro proce-
dures for color stability evaluation of dental resin-based composites exposed 
to smoke: a scoping review. Dent Mater J. 2022;41(6):791–9.

21. Guler AU, Yilmaz F, Kulunk T, Guler E, Kurt S. Effects of different drinks on stain-
ability of resin composite provisional restorative materials. J Prosthet Dent. 
2005;94(2):118–24.

22. Aydın N, Karaoglanoglu S, Oktay EA. Investigation the effects of whitening 
toothpastes on color change of resin-based CAD/CAM blocks. J Esthet Restor 
Dent. 2021;33(6):884–90.

23. Değirmenci A, Emine K. The effects of cigarettes and beverages on the color 
of the enamel-dentin complex and the refractive index. Van Health Sci J. 
2022;15(1):69–79.

24. Aydın N, Topçu F-T, Karaoğlanoğlu S, Oktay E-A, Erdemir U. Effect of finishing 
and polishing systems on the surface roughness and color change of com-
posite resins. J Clin Exp Dent. 2021;13(5):446–54.

25. Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger M, et al. Color 
difference thresholds in dentistry. J Esthet Restor Dent. 2015;27:1–9.

26. de Tonani Torrieri MRRL, Sbardelotto R, Alves Amorim C, Noronha Ferraz de 
Arruda A, Tirapelli C. Color stability and surface roughness of composite 
resins submitted to brushing with bleaching toothpastes: an in situ study. J 
Esthet Restor Dent. 2019;31(5):486–92.

27. Demarco FF, Meireles SS, Masotti AS. Over-the-counter whitening agents: a 
concise review. Braz Oral Res. 2009;23:64–70.

28. Mehrgan S, Kermanshah H, Omrani LR, Ahmadi E, Rafeie N. Comparison the 
effect of charcoal-containing, hydrogen peroxide-containing, and abrasive 
whitening toothpastes on color stability of a resin composite; an in vitro 
study. BMC Oral Health. 2021;21:1–7.

29. Yilmaz MN, Gul P, Unal M, Turgut G. Effects of whitening toothpastes on the 
esthetic properties and surface roughness of a composite resin. J Oral Sci. 
2021;63(4):320–5.

30. Yazkan B, Yilmaz E, Yenidünya ÖG, Akgül N. Effects of different toothpastes 
on the color and whiteness of stained anterior composite resin. J Oral Sci. 
2023;65(4):246–50.

31. Torso VH, Fraga MAA, Lopes RM, Aranha ACC, Correr-Sobrinho L, Correr AB. 
Charcoal‐based dentifrices: Effect on color stability and surface wear of resin 
composites. J Esthet Restor Dent. 2021;33(5):815–23.

32. Demir F. Investigation of the color and surface changes of restorative material 
exposed to whitening toothpastes. University of Health Sciences. Ankara. 
Master Thesis. 2018.

33. Colak G, Katirci G. In Vitro evaluation of the effects of whitening toothpastes 
on the color and surface roughness of different composite resin materials. 
BMC Oral Health. 2023;23(1):580.

34. Park JW, Song CW, Jung JH, Ahn SJ, Ferracane JL. The effects of surface rough-
ness of composite resin on biofilm formation of Streptococcus mutans in the 
presence of saliva. Oper Dent. 2012;37(5):532–9.

35. Bollenl CML, Lambrechts P, Quirynen M. Comparison of surface roughness of 
oral hard materials to the threshold surface roughness for bacterial plaque 
retention: a review of the literature. Dent Mater. 1997;13(4):258–69.

36. Heintze SD, Forjanic M. Surface roughness of different dental materials 
before and after simulated toothbrushing in vitro. Oper Dent WASHINGTON-. 
2005;30(5):617–26.

37. Alofi RS, Alsuayri HA, Mohey LS, Alofi AS. Efficiency of activated charcoal 
powder in stain removal and effect on surface roughness compared to 
whitening toothpaste in resin composite: in vitro study. Saudi Dent J. 
2021;33(8):1105–10.

38. Wattanapayungkul P, Yap AUJ, Chooi KW, Lee M, Selamat RS, Zhou RD. The 
effect of home bleaching agents on the surface roughness of tooth-colored 
restoratives with time. Oper Dent WASHINGTON-. 2004;29(4):398–403.

39. Walsh LJ. Safety issues relating to the use of hydrogen peroxide in dentistry. 
Aust Dent J. 2000;45(4):257–69.

40. Amaral CM, Rodrigues JA, Guilherme Erhardt MC, Barata Araujo MW, 
Marchi GM, Heymann HO, et al. Effect of whitening dentifrices on the 
superficial roughness of esthetic restorative materials. J Esthet Restor Dent. 
2006;18(2):102–8.

41. Akl MA, Sim CPC, Nunn ME, Zeng LL, Hamza TA, Wee AG. Validation of two 
clinical color measuring instruments for use in dental research. J Dent. 
2022;125:104223.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	The effect of whitening toothpastes on the color stability and surface roughness of stained resin composite
	Abstract
	Introduction
	Materials and methods
	Sample size calculation
	Preparation of sample
	Staining of the samples
	Brushing procedures
	Color change (ΔE00) measurements
	Surface roughness (Ra) measurements
	Surface topography analyzes
	Statistical analysis

	Results
	Surface topography evaluation

	Discussion
	Conclusions
	References


