Mehmethanoglu et al. BMC Oral Health (2025) 25:437 BMC Ora| Hea |th
https://doi.org/10.1186/512903-025-05787-9

o ™
The effects of the use of whitening oty

mouthwash after home bleaching on the color
stability and surface hardness of enamel
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Abstract

Background To evaluate the effectiveness of whitening mouthwashes, both with and without hydrogen peroxide
(HP), after at-home teeth whitening in preserving the achieved whiteness and assessing their impact on enamel
surface hardness.

Methods One hundred extracted human premolar teeth were divided into two groups, and home bleaching agents
(Philips Zoom NiteWhite 22% Carbamide Peroxide, Ultradent Opalescence PF 16% Carbamide Peroxide) were applied
to the groups. The teeth subjected to home bleaching were further divided into five subgroups, and each subgroup
underwent a four-week cycle of application of a coloring agent and whitening mouthwash (Colgate Optic White
(COW)(%2 HP), Rocs Black Edition (Rocs) (%1 HP), SPLAT Professional Bioactive gargle white Plus (SPLAT) (Ananas sati-
vus fruit extract containing), Listerine Advanced White (Listerine) (Pyrophsphate containing), and distilled water (DW)
(control)). Color and microhardness measurements were recorded at baseline, after home bleaching, and after treat-
ment with whitening mouthwashes.

Results Compared with those treated with Opalescence PF, the samples treated with Zoom achieved a significantly
greater degree of whitening (p<0.001). When the effects of postwhitening mouthwash were evaluated (AE,),
Listerine presented the lowest A, value in both home bleaching groups, whereas the control group presented

the highest AE, value. Both home-bleaching agents caused a significant increase in the initial Wiy values (p < 0.05).
After home-bleaching, the increased Wy values (WIp,) significantly decreased in all mouthwash groups follow-

ing exposure to the staining and whitening mouthwash cycle (Wlp;) (p <0.05). The impact of home bleaching agents
on microhardness was not significantly different (p=0.151). When we examined the impact of whitening mouth-
washes on microhardness, in the Zoom group, no statistically significant difference was observed in surface hardness
(p>0.05). However, in the Opalescence PF group, only the Listerine group showed a statistically significant increase
(p<0.05).

Conclusions Higher concentrations of carbamide peroxide provide faster and more effective whitening. Whitening
mouthwash containing HP and pyrophosphate is effective in maintaining tooth whiteness after home bleaching;
however, its impact on enamel microhardness depends on the formulation. Notably, only Listerine in the Opalescence
PF group significantly increased surface hardness. Given the drawbacks of HP, pyrophosphate-based mouthwash may
serve as a safer alternative.
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Introduction

With increasing interest in esthetics in recent years,
patients desire a perfect smile [1]. This has led to an
increased demand for tooth whitening [2, 3]. Today, the
most conservative way to change the color of teeth is
through tooth whitening procedures [4]. Teeth whitening
can be achieved through techniques performed under the
supervision of dentists and by patients individually using
over-the-counter (OTC) products available in supermar-
kets or pharmacies without the need for a dentist’s pre-
scription [5, 6].

Dentists employ two primary techniques: the 'in-office
whitening’ technique, which uses high concentrations
of whitening agents (30-35% hydrogen peroxide (HP)),
and the ‘at-home whitening’ technique, which uses low
concentrations of whitening agents (10-20% carbamide
peroxide (CP)). The technique most commonly applied
by dentists for vital teeth is the at-home whitening tech-
nique [7, 8].

OTC products, also known as ‘over-the-counter’ prod-
ucts in the literature, include dental trays, strips, whit-
ening products, toothpaste, and mouthwash [9]. Mouth
whitening has gained significant popularity among OTC
products because of its ease of use and cost-effectiveness
[10]. The primary active ingredient in these products is
often HP [11]. However, given the potential risks asso-
ciated with peroxide-based whitening treatments, such
as their low pH and uncontrolled application in the oral
cavity, which can lead to local side effects such as oral
mucosal irritation, pulp sensitivity, pulpitis, or alterations
in the enamel surface, there has been a quest to develop
whitening mouthwashes containing alternative agents to
HP [12-16]. Pyrophosphates are among the alternative
agents. They adhere to hydroxyapatite in the tooth struc-
ture, hindering mineral accumulation at calcium sites
and reducing the formation of dental calculus, which
leads to tooth staining [17]. Tetrasodium pyrophosphate
chemically removes external stains on teeth and inhibits
the absorption of new chromogens into teeth, thereby
preventing changes in tooth color [18]. With the grow-
ing interest in natural agents in recent years, the use of
natural enzymes obtained from plants for this purpose
has garnered increasing attention. Natural proteolytic
enzymes derived from plants, such as bromelain, have
been incorporated into toothpaste and mouthwash for
research into their effectiveness in tooth whitening [19,
20]. Bromelain, a proteolytic enzyme obtained from pine-
apples (Ananas comosus), prevents the buildup of oral

microorganisms and stains the tooth surface by hydrolyz-
ing the pellicle [20, 21].

The whiteness achieved after a tooth whitening proce-
dure may fade over time [22]. OTC products can assist
in maintaining color after whitening procedures because
of their effectiveness in removing stains [11, 23]. How-
ever, the American Dental Association (ADA) Council
on Scientific Affairs has expressed concerns about the
long-term safety of unsupervised whitening procedures
due to potential undiagnosed or underlying oral health
issues [24—26]. New products enter the market every day.
It is important to evaluate not only the impact of these
products on postwhitening color retention but also their
effects on dental tissues.

This study aims to evaluate the color stability and
surface hardness of teeth after home bleaching using
whitening mouthwashes containing hydrogen peroxide
(Colgate Optic White (COW)(2% HP), Rocs Black Edi-
tion (Rocs)(1% HP)) and not containing hydrogen perox-
ide (SPLAT® Professional Bio-active mouthwash White
Plus (SPLAT)(Ananas sativus fruit extract containing),
Listerine Advanced White (Listerine)(Pyrophsphate con-
taining)). Our null hypotheses are as follows:

1. There is no significant difference was observed in
the effect of CP agents at different concentrations on
enamel color.

2. The use of different whitening mouthwashes does
not create a significant difference in maintaining the
achieved whiteness after the home bleaching proce-
dure.

3. Different concentrations of CP agents do not have
different effects on enamel surface hardness.

4. The use of different whitening mouthwashes after a
home whitening procedure does not cause different
effects on enamel surface hardness.

Materials and methods

Experimental design

This study was approved by the Atatiirk University Fac-
ulty of Dentistry Ethics Committee (decision no. 68,
dated 22.06.2022). In this study, 100 extracted human
premolar teeth were utilized. Two different home bleach-
ing agents, 22% CP (Philips Zoom NiteWhite 22% CP,
DiscusDental, USA) and 16% CP (Opalescence PF 16%
CP, Ultradent Products Inc., South Jordan, UT, USA),
were applied to the teeth. The teeth treated with home
bleaching underwent a cycle of staining agent and
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whitening mouthwash application. Four distinct whiten-
ing mouthwashes, namely, COW (%2 HP), Rocs (%1 HP),
SPLAT (Ananas sativus fruit extract containing), and Lis-
terine (Pyrophsphate containing), were employed. The
experimental design is presented in Fig. 1.

Specimen preparation

The power analysis, conducted via G*Power 3.1.9.4 soft-
ware from Heinrich Heine University Diisseldorf, indi-
cated that a minimum of 10 samples per experimental
group should be included in this study, with a test power
of 96. Human premolar teeth were extracted and then
cut approximately 2 mm below the enamel-cementum
junction via a precision electric cutter (Isomet 1000, Bue-
hler, Lake Bluff, IL, USA) to separate the crowns from
the roots. The crown portions were bisected in a buc-
colingual direction to utilize flatter enamel surfaces. The
obtained enamel surfaces were embedded in acrylic resin
via cylindrical silicone molds measuring 5 mm in height
and 10 mm in diameter. This ensured that the enamel sur-
faces were centrally aligned and parallel to the ground. To
achieve a uniform enamel surface, the prepared samples
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were sequentially polished with silicone carbide papers
with grit sizes of 600, 800, and 1200, each for 20 s. Finally,
the samples were stored in distilled water at 37 °C.

Microhardness measurement

Microhardness measurements of the samples were taken
at three different time points: initially (Measurement 1,
M1), after home bleaching (Measurement 2, M2), and
following exposure to the staining and whitening mouth-
wash cycle (Measurement 3, M3). These measurements
were conducted via a microhardness testing machine
(Vickers-Fm800, Tokyo, Japan). A standard force of 100
Newtons was applied to the samples for 15 s. Indentations
formed on the samples were identified under 40 X mag-
nification, and the lengths of the horizontal and vertical
lines of each indentation were marked for measurement.
The machine, which uses a program that employs these
measurements as data, calculates the microhardness val-
ues. Three measurements were taken at different points
on each sample, and the arithmetic average of these
measurements was considered the microhardness value
(VHN) for the sample. The initial surface microhardness
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values were statistically compared among the groups, and
no significant difference was found (p>0.05); therefore,
the specimens were randomly distributed.

Color measurement

Three measurements were taken for each sample at three
different times: initially (M1), after home bleaching (M2),
and following exposure to the staining and whitening
mouthwash cycle (M3). The initial color measurements
were conducted 24 h after sample preparation. The color
measurements were repeated three times for each sam-
ple. All color measurements were performed according
to the CIEDE2000 color coordinates relative to the D65
standard illumination against a standard white back-
ground (L: 94.6, a: 0.2, b:—0.8) via a clinical spectro-
photometer (SpectroShade MicroTM, Verona, Italya).
The color change values were calculated via CIEDE2000
(AEy,) between M1 and M2, between M2 and M3, and
between M1 and M3. For CIEDE2000, the perceptibility
threshold is defined as AE,>0.8 units, and the accepta-
bility threshold is defined as AE,;,<1.8 units at a 50%:50%
ratio [27, 28].

In addition, the Whiteness index (WIy) of the sam-
ples was measured at baseline (M1), after home bleach-
ing (M2), and after exposure to staining and whitening
mouthwash cycle (M3). The equation used to calculate
the Whiteness index W1, was:

WID = 0.511L * —2.324a * —1.100b %

WI, is a simple linear formulation obtained from the
values of the three CIELAB chromatic coordinates and
has a clear interpretation: high positive values of the
WID index indicate whiter height values of the sample,
while low (even negative) values indicate lower whiteness
values of the sample [27, 29, 30].

Whitening procedure

In accordance with the manufacturer’s instructions, a
22% CP whitening agent (Philips Zoom NiteWhite 22%
Carbamide Peroxide, DiscusDental, USA) was applied for
2 h a day for 7 days, and a 16% CP (Opalescence PF 16%
Carbamide Peroxide, Ultradent Products Inc., South Jor-
dan, UT, USA) application agent was used for 4 h a day
for 14 days (Table 1).

Table 1 Home bleaching agents used in the study
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Staining procedure

The average daily coffee consumption was 3.2 cups, with
each cup taking 15 min to consume [31]. Consequently,
the daily coffee consumption time was 48 min. The stain-
ing solution was prepared by dissolving 2 g of soluble
instant coffee (Nescafe Classic, Nestle SA, Vevey, Swit-
zerland) in 200 ml of boiling water, following the manu-
facturer’s recommendation, at room temperature. As
specified in the experimental design, the samples were
exposed to coffee for 48 min every day for four weeks.
After staining, the samples were rinsed in deionized
water and cleaned ultrasonically for 2 min.

Mouthwash exposure procedure

As specified in the experimental design, the samples
were exposed to a 2-min gargling routine every day for
4 weeks. The contents of the mouthwashes used are listed
in Table 2.

Statistical analysis

The obtained data were analyzed via the SPSS 20 (IBM,
Chicago, IL, USA) statistical package program. First, the
distribution of the data and the homogeneity of vari-
ance were analyzed via the Kolmogorov-Smirnov and
Levene tests. Repeated-measures ANOVA was used to
compare the AE;,, VHN and W1, values values obtained
as a result of bleaching and mouth rinse solution appli-
cation to teeth. One-way ANOVA and Tukey post hoc
tests were used to compare the mouth rinse solutions for
each bleaching group in each period. In addition, one-
way ANOVA and Tukey post hoc tests were used for the
general comparison of mouth rinses, and the independ-
ent samples t test was used for the general comparison of
bleaching methods. The statistical significance level was
set at p<0.05.

Results
Color results
The results of the repeated-measures ANOVA (Table 3)
indicated a significant effect of the period, period-
bleaching, and period-mouth rinses interactions on color
change (AE,) (»<0.05.)

The AE, values for all groups at different time inter-
vals are provided in Table 4. In the table, the color meas-
urement difference between the baseline and posthome

Products Manufacturer Components LOT no
Philips Zoom NiteWhite 22% Carba- Discus Dental, ABD %22 Carbamide Peroxide 19,207,021
mide Peroxide

Opalescence PF 16% Carbamide Ultradent Products Inc., South Jordan, UT, %16 Carbamide Peroxide, NaF BGGL7

Peroxide USA
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Table 2 Mouth whitening

Products Manufacturer Components

Colgate Optic White (COW) Colgate-Palmolive Company NY, USA Ingredients Water, Glycerin, Propylene Glycol, Sorbitol, Hydrogen

Rocs Black Edition (Rocs) R.O.CS, Tallinn, Estonia

SPLAT® Professional Bio-active
gargara White Plus (SPLAT)

Listerine Advanced White (Listerine)
Skillman, NJ, USA

Distilled water (DW) -

STS Holding Group LTD, Gabrovo, Bulgaria

Johnson & Johnson Healthcare Products,

Peroxide (%2), Polysorbate 20, Sodium Acrylates/Methacryloylethyl
Phosphate Copolymer, Phosphoric Acid, Citric Acid, Flavor, PVM/MA
Copolymer, Sodium Saccharin

Aqua, Glycerin, PEG-40 Hydrogenated Castor Oil, Hydrogen Peroxide
(1%), Citric Acid, Aroma, Sodium Hydroxide, Sodium Saccharin

Aqua, Hydrogenated Starch Hydrolysate, PVP, Polyglyceryl-4 Laurate/
Sebacate, Polyglyceryl-6 Caprylate/Caprate, Sodium Coco-Sulfate,
Aroma, Cyclodextrin, Zinc Gluconate, Citrus Limon Peel Oil, Ananas
Sativus Fruit Extract, Maltodextrin, Thymus Serpillum Oil, Glycyr-

rhiza Glabra Root Extract, Stevia Rebaudiana Leaf Extract, Glycerin,
Pentylene Glycol, Bifida Ferment Lysate, Phthalimidoperoxycaproic
Acid, Potassium Thiocyanate, Lactoferrin, Lactoperoxidase, Glucose
Oxidase, Glucose Pentaacetate, Sodium Benzoate, Potassium Sorbate,
Benzyl Alcohol, Citric Acid, Limonene, Citral, Linalool

Aqua, Alcohol, Sorbitol, Tetrapotassium Pyrophosphate, Tetrasodium
Pyrophosphate, Pentasodium Triphosphate, CitricAcid, Poloxamer
407, Sodium Benzoate, Eucalyptol, Thymol, Menthol, Sodium Saccha-
rin, Sodium Fluoride, Propylene Glycol, Sucralose, Aroma, Disodi-
umPhosphate

Table 3 Results of repeated-measures ANOVA for the AE, values

Source SS df MS F P

Period 73315 2000 36657 56.194 <0.001*
Period* Bleaching 7922 2000 3961 6072 0.003*
Period* Mouthrinses 114972 8000 14371 22031 <0.001*
Period* Bleaching * 6.652 8.000 0.832 1.275 0.259

Mouthrinses

SS Sum of squares, MS mean of squares

*p <0.05 significant

bleaching data is shown as AE,,, the difference between
the posthome bleaching and postwhitening mouth rins-
ing cycles is shown as AE;y,, and the difference in color
between the baseline and postwhitening mouth rinsing
cycles is shown as AE .

After home bleaching, both groups presented notice-
able color changes (AEy,>0.8). Compared with those
treated with Opalescent PF, the samples treated with
Zoom home-bleaching agents whitened more, and this
difference was statistically significant (p<0.001). When

Table 4 AE,, (mean+standard deviation) values of the groups and statistical comparison results

BLEACHING MOUTHRINSE AEgy, (M1-M2) AEg, (M2-M3) AEgy; (M1-M3)
cow 3894053 1724099 °A 2.84+0,60 CC
Rocs 403+139°% 248+0.93 P18 18340638
Zoom (% 22CP) SPLAT 3394073 3.25+0.64 %C 0.99+045 °*
Listerine 3.83+0.80 % 1214074 3024096 <
DW 3604064 A 437+200°% 2.35+1.56 P8¢
p=0509 p<0.001 p <0001
cow 2.68+0.66 8 132+1.09 54 1.77+0.78 A
Rocs 25440871 8 1414073 1524089 °*
Opalescence PF (% 16 CP) SPLAT 326+063 % 3.10+£1.23% 1524083 %A
Listerine 2.15+062 % 0.91+046°* 190+087
DW 2424047 387+1.76 8 223+126%
p=0.007 p<0.001 p=0414

p <0.05: Statistically significant. Lowercase letters in the same row show the results of the comparison of AE values between periods for each group (repeated-
measures ANOVA). Capital letters in the same column show the comparison results of mouth rinse solutions for each bleaching group (one-way ANOVA). Different

letters in the same column or row indicate statistical significance
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the effect of mouth rinses after whitening (AE,) was
evaluated, in both home bleaching groups, the small-
est AE,, value was observed with Listerine, whereas the
largest AE,, value was observed in the DW (control)
group. The AE, ranking in both home bleaching groups
was as follows: Listerine < COW <Rocs < SPLAT <DW.

Compared with the DW (control) group, the COW,
Roc, and Listerine groups presented lower AE, values,
and the differences among them were statistically sig-
nificant (p<0.05). On the other hand, the SPLAT group
statistically resembled the DW (control) group (p >0.05).
COW and listerine in both the home bleaching group
and Rocs in the Zoom group presented AE,), values
below the clinically acceptable threshold (AEy;<1.8),
indicating their effectiveness in maintaining tooth white-
ness through home bleaching. The SPEAT, in both home
bleaching groups, presented AE, values above the clini-
cally acceptable threshold, indicating a similar effect to
that in the DW group in preserving the whiteness of the
achieved teeth.

An examination of the AE); values revealed notice-
able color changes (AE;,>0.8) in all the subgroups. In
the Zoom group, the COW, Rocs, Listerine, and DW

Table 5 Results of Repeated Measures ANOVA for Wi, values
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subgroups presented AEy; values below the clinically
acceptable threshold. In the Opalescence PF group,
the COW, Roc, and SPLAT subgroups presented val-
ues below this threshold, whereas the Listerine and DW
groups presented values above it. Considering the previ-
ous AE, values, COW, Rocs, and listerine significantly
whitened the initial enamel color, while it darkened for
DW.

The results of ANOVA analysis for repeated measures
(Table 5) showed that there was a significant effect of
period, period-whitening and period-mouthwash inter-
actions on the Whiteness index (W1Ip) (p <0.05).

The statistical comparison results of the mean WIj
values of the groups are presented in Tables 6. Both
home-bleaching agents caused a significant increase in
the initial W1}, values (p <0.05). However, there was no
significant difference between the two home-bleaching
agents (p >0.05).

After home-bleaching, the increased WI, values
(W1Ip,) significantly decreased in all mouthwash groups
following exposure to the staining and whitening mouth-
wash cycle (Wlp;) (<0.05). However, COW and Lis-
terine remained significantly higher than the initial WI

Source SS df MS F p

Period 2999.077 2.000 1499.539 304.023 <0.001*
Period* Bleaching 150.752 2.000 75376 15.282 <0.001*
Period* Mouthrinses 105.549 8.000 13.194 2675 0.008*
Period* Bleaching * Mouthrinses 30.554 8.000 3819 0.774 0.626

SS Sum of squares, MS mean of squares
*p <0.05 significant

Table 6 WI, (mean +standard deviation) values of the groups and statistical comparison results

BLEACHING MOUTHRINSE Wiy, (M1) Wiy, (M2) Wip; (M3)
COW —21.84+11.59 8 —1348+11.81 PASC —1744412.18 48
Zoom (% 22CP) Rocs —17.09+4.72 8 —7.65+3.54 PEC —14.04+570 /8
SPLAT —2867+9.89 ~19.86+10.94 °* 267941169 %
Listerine —2849+11.32°A —1834+10.66 8 —2274411.188
DW -1663+6.15%® —6.50+6.53"C 13364802
p=0.006* p=0.005* p=0019*
cow 18274554 —~1303+6.77° 153446294
Rocs 23314922 —~17.60+10.32°* —2146+9.56
Opalescence PF (% 16 CP) SPLAT —16.97£6.55 A —-9.16+7.23% ~1506+7.17
Listerine ~19.75+9.60 * —1341+9.78 151441040
DW 23384982 —~1821+1008 °* —2030+895%
p=0314 p=0.165 p=0270

" p<0.05: Statistically significant. Lowercase letters in the same row show the results of comparison of Wi, values between periods for each group (Repeated Measures
ANOVA). Capital letters in the same column show comparison results of mouthrinse solutions for each bleaching group (One-way ANOVA). Different letters in the

same column or row indicate statistical significance
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Table 7 Results of repeated-measures ANOVA for VHN values
Source SS df F p
Period 83,896.417 2.000 41,948.208 24.714 <0.001*
Period* Bleaching 9020.920 2.000 2.657 0.073
Period* Mouthrinses 11,060.989 8.000 0.815 0.591
Period* Bleaching * Mouthrinses 26,342.608 8.000 1.940 0.057
SS Sum of squares, MS mean of squares
*p <0.05 significant
Table 8 VHN (mean + standard deviation) values of the groups and statistical comparison results
BLEACHING MOUTHRINSE M1 M2 M3
cow 264.99+40.06 ° 282.11+4990° 26342+3545°
Zoom (% 22 CP) Rocs 24597+32.79° 245.23+64.36% 273.06+56.86°
SPLAT 220.60+38.15° 260.54 +68.36° 23837+64.65°
Listerine 230.37+4468° 281.45+27.44° 287.19+4522°
DW 22873+2471° 238.26+4527 % 262.56+34.83 P
p=0074 p=0235 p=0271
Ccow 220.84+2692° 240.06+52.21 % 270.23+52.09°
Rocs 206.57+40.13° 284.94+3577° 279.37+40.95°
Opalescence PF (% 16 CP) SPLAT 20441435237 240.37 +46.54 %° 251.46+27.67°
Listerine 236.02+5856° 236.79+67.14° 282.77+32.27°
DW 201.29+4381° 227.47+51.90 % 251.04+47.73°
p=0334 p=0.130 p=0270

Lowercase letters in the same row show the results of the comparison of VHN values between periods for each group (repeated-measures ANOVA). Different letters in

the same row indicate statistical significance (p <0.05)

values (WIp;) in both home-bleaching protocols, while
SPLAT showed values similar to the initial ones. Rocs
maintained a higher value than the initial WIj value in
the Zoom group, while Opalescence PF showed values
similar to the initial ones.

In the Zoom group, after the staining and whiten-
ing mouthwash cycle, the SPLAT group had signifi-
cantly lower W1}, values compared to the control group
(p=0.019), while the other groups showed WI val-
ues similar to the control group. In the Opalescence PF
group, all mouthwash groups had similar W1, values to
the control group (p=0.270).

Microhardness test results

The results of the repeated-measures ANOVA (Table 7)
indicated a significant effect of period on surface hard-
ness (VHN) (p <0.001).

The hardness test results are presented in Table 8. Both
home-bleaching agents generally increased the surface
hardness. However, this increase was not typically sta-
tistically significant (p >0.05). When the effects of home
bleaching agents on microhardness were compared, the
difference among them was not statistically significant
(p=0.151).

When whitening mouth rinses were applied to teeth
subjected to home bleaching, in the Zoom group, none of
the mouth rinses caused a statistically significant differ-
ence in surface hardness (p >0.05). In the Opalescence PF
group, only listerine resulted in a statistically significant
increase in surface hardness (p <0.05).

Discussion

In this study, the effects of two different home bleaching
agents, one containing 22% CP and the other contain-
ing 16% CP, on the color and surface hardness of tooth
enamel were compared. In addition, the effectiveness
of whitening mouthwashes containing HP and alterna-
tive whitening agents to HP in maintaining the white-
ness obtained after home bleaching application and their
effects on the surface hardness of enamel were investi-
gated. These results partially supported the first, second,
and fourth hypotheses, while the third hypothesis was
fully supported.

Coffee, one of the most common teeth-staining agents
to which teeth are exposed daily, was used to standard-
ize the discoloration procedure during the mouth rinse
cycle. The average daily coffee consumption was 3.2 cups,
and the duration of consuming one cup of coffee was
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approximately 15 min [31]. Accordingly, in this study,
samples were exposed to the coffee solution for 48 min,
which represented the daily duration of coffee consump-
tion. Significant color changes were observed in the con-
trol group exposed to coffee after both home bleaching
applications, but no mouth rinses were applied.

Based on the obtained data, the application of 22%
CP, despite a shorter treatment period (2 h per day for
7 days), resulted in a significant increase in AE, values,
while the increase in W1, values was statistically similar
to that of the 16% CP application (4 h per day for 14 days),
partially supporting the first hypothesis. Our results sug-
gest that, contrary to Farawati et al. [32], a higher con-
centration of CP may enhance color change in a shorter
period. Similarly, Kihn et al. [33], in their in vivo studies,
reported that 35% CP provided significantly higher AE,
values than 16% CP, which aligns with the results of the
present study.

The application of COW and Listerine in both home-
bleaching groups, and Rocs in the Zoom group, resulted
in AE, values (AEy;<1.8) below the clinically acceptable
threshold and W1}, values higher than the baseline values,
indicating that whitening mouthwashes containing HP
(COW, Rocs) and pyrophosphate (Listerine) effectively
maintained the whitening effect achieved after home-
bleaching. Although the pyrophosphate-containing
mouthwash had the lowest AE, values, it was found to
be significantly more effective compared to HP-contain-
ing whitening mouthwashes. There was no statistically
significant difference between the 2% and 1% HP-con-
taining whitening mouthwashes. The whitening mouth-
wash containing pineapple extract (SPLAT) showed
AE, values above the clinically acceptable threshold in
both home-bleaching groups, W1, values similar to base-
line levels, and significantly lower WIj values compared
to the control group in the Zoom group. This indicates
that this mouthwash is ineffective in maintaining the
whitening effect after home whitening and is statistically
similar to the control group. These results partially sup-
port the second hypothesis. Our results regarding HP
appeared to be consistent with the results of other stud-
ies in the literature [3, 34, 35]. Unlike our results, Ntovas
et al. [17] reported that pyrophosphate mouth rinses do
not provide significant whitening. In the present study,
unlike that of Ntovas et al., the enamel sample surface
was abraded, which may have led to the removal of the
more resistant aprismatic layer in the outer layer and a
decrease in enamel thickness, allowing whitening agents
to penetrate the tooth structure more effectively.

HP, the most commonly used agent for tooth whiten-
ing, has raised safety concerns because of its association
with various adverse effects, despite its proven effective-
ness. Some of these complications include oral mucosa
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irritation, dryness, loss of taste, and mucosal whitening.
HP has also been linked to DNA damage [17, 36]. Despite
containing low levels of HP, whitening mouth rinses may
increase the risk of these potential complications with
frequent use. In this context, the use of natural sub-
stances in tooth whitening has gained attention, primarily
because of their low potential for side effects. Pineap-
ple is a natural alternative. Pineapple contains enzymes
such as bromelain, catalase, and polyphenol peroxidase.
Bromelain, a proteolytic enzyme, is considered an effec-
tive oxidizing agent and has been suggested to play a sig-
nificant role in tooth whitening by removing or breaking
down the protein part of the pellicle layer adhering to the
tooth surface [37, 38]. Vejai Vekaash et al. [38] reported
that pineapple extract, when used in combination with
HP, resulted in significantly greater tooth whitening than
HP alone. However, in line with the results of the cur-
rent study, Oliveira et al. [19] experimentally prepared a
bromelain-containing mouth rinse and reported that it
did not have a significant whitening effect. While pineap-
ple extract, with its proteolytic enzymes, is considered a
potential natural alternative for tooth whitening, there is
no consensus in the literature on this matter.

When the microhardness data were examined, both
home bleaching agents increased the surface hardness
of the enamel; however, this increase was generally not
statistically significant. Additionally, no statistically sig-
nificant difference was observed between the home
bleaching agents, thus leading to the acceptance of the
third hypothesis. Preserving enamel microhardness is
vital for maintaining the integrity of tooth structure and
ensuring dental functions. A review of the literature con-
cerning the effect of CP on enamel surface hardness in
teeth whitening reveals a lack of consensus [39, 40]. In
their in situ studies, Soares et al. reported a significant
reduction in enamel microhardness when 10% and 16%
CP were used. Conversely, Smidt et al. [41] evaluated the
impact of three different CP agents on enamel micro-
hardness in situ and reported no significant changes.
Alterations in enamel microhardness are considered
indicative of changes in enamel mineral content [42].
The hardness of enamel postwhitening is influenced by
the composition of the whitening agent [43]. One of the
home bleaching agents used in our study, 16% CP, con-
tained sodium fluoride (NaF). NaF is a commonly used
remineralization agent in dentistry. It promotes remin-
eralization by creating a calcium fluoride (CaF,) layer on
the enamel surface, resulting in increased enamel micro-
hardness [44].

In the present study, while whitening mouth rinses in
the Zoom group did not significantly affect surface hard-
ness, in the Opalescence PF group, a mouth rinse con-
taining pyrophosphate led to a statistically significant
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increase in surface hardness. As a result, our fourth
hypothesis was partially supported. The mouth rinse
containing pyrophosphate, similar to 16% CP, also con-
tained NaF, which may have contributed to the observed
increase in surface hardness. Comparing the results of
the present study with those of previous studies can be
challenging due to various factors, including the ori-
gin of the enamel samples (bovine/human teeth), sam-
ple preparation protocols (abrasion of enamel surfaces
or not), mouth rinse application procedures (exposure
time to mouth rinse, use of artificial saliva/distilled water,
application of colorants, etc.), and experimental designs,
whether they are in vitro or in vivo. These variations in
study designs might explain the discrepancies among
results.

This in vitro study is limited because it does not account
for individual physiological factors such as enamel struc-
ture and saliva content, and it does not reflect the effects
of tooth brushing. Nevertheless, the results obtained
within the limitations of this study will help guide den-
tists in selecting treatment protocols for patients seeking
teeth whitening and recommending whitening mouth
rinse options to maintain achieved whiteness. In conclu-
sion, mouth rinses containing pyrophosphate can be con-
sidered an alternative to HP-containing whitening mouth
rinses, as they have proven effective in maintaining
whiteness and significantly increasing enamel microhard-
ness. Clinical studies are needed to fully elucidate the
whitening efficacy and impact on the enamel hardness of
these products and to observe the influence of individual
factors.

Conclusions
Within the limitations of the current study, the following
conclusions were drawn:

1. A higher concentration of carbamide peroxide (22%
CP) results in greater whitening in a shorter time
compared to a lower concentration (16% CP), sug-
gesting that more effective and faster whitening treat-
ments can be achieved with higher concentrations in
clinical settings.

2. It was found that hydrogen peroxide (HP)- and
pyrophosphate-containing ~ whitening mouth-
washes show similar effectiveness in maintaining the
achieved whiteness after home bleaching. Consider-
ing the disadvantages of HP, pyrophosphate-based
mouthwashes could serve as an alternative agent
that does not carry these drawbacks. Additionally,
pyrophosphate-based mouthwashes were found to
contribute to an increase in surface hardness, offer-
ing an advantage over HP-based formulations. This
suggests that pyrophosphate-based products may
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offer a safer, more effective, and beneficial option for
both maintaining whiteness and enhancing enamel
hardness.

3. To fully understand the whitening efficacy of these
products and their impact on enamel hardness, clini-
cal evaluations should be conducted. This emphasizes
the importance of further clinical studies to assess
how these treatments perform in real-world scenar-
ios, considering individual variations and long-term
effects. Such studies would significantly contribute to
improving patient care and providing evidence-based
recommendations for both home-use products and
in-office treatments.

Clinical significance

This study contributes valuable insights into the effective-
ness of various bleaching agents and mouthwashes, pro-
viding evidence that higher concentrations of carbamide
peroxide can lead to faster and more effective whitening.
Additionally, the results suggest that specific mouth-
washes can be useful tools for maintaining the results of
home bleaching, thus improving patient satisfaction and
outcomes. The study also points to the need for future
clinical evaluations to better understand the long-term
efficacy and safety of these products in diverse patient
populations.

Acknowledgements
Not applicable.

Authors’ contributions

All authors made substantial contributions to the conceptualization and
design of the study. IG, IC, and PG contributed to the establishment of the
study’s materials and methods, performed the experiments, and participated
in the interpretation of the obtained findings. IG also contributed to the writ-
ing of the manuscript. PG performed the statistical analysis. NC contributed
to the determination of the study’s materials and methods, the interpretation
of the obtained findings, and the revision of the final manuscript. All authors
read and approved the final version of the manuscript.

Funding
All requirements for the reported research were met by the authors; there was
no other funding agency or organization.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Extracted human teeth were used in this study. All participants provided
informed consent. Ethics committee approval was received from the Atattirk
University Faculty of Dentistry Ethics Committee (decision no. 68, dated
22.06.2022). This study was conducted in accordance with the Declaration
of Helsinki and relevant institutional and national ethical guidelines and
regulations.

Consent for publication
Not applicable.



Mehmethanoglu et al. BMC Oral Health

(2025) 25:437

Competing interests
The authors declare no competing interests.

Author details
'Department of Restorative Dentistry, Faculty of Dentistry, Atatiirk University,
Erzurum TR-25240, Turkiye.

Received: 6 September 2024 Accepted: 12 March 2025
Published online: 26 March 2025

References

1.

2.

Joiner A. Tooth colour: a review of the literature. J Dent.
2004;32(SUPPL.):3-12.

Martin J, Rivas V, Vilddsola P Moncada L, Oliveira Junior OB, Saad JRC, et al.
Personality style in patients looking for tooth bleaching and its correla-
tion with treatment satisfaction. Braz Dent J. 2016;27(1):60-5. Available
from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-
64402016000100060&Ing=en&ting=en. Cited 2022 Aug 1

Torres C, Perote L, Gutierrez N, Pucci C, Borges A. Efficacy of mouth rinses
and toothpaste on tooth whitening. Oper Dent. 2013;38(1):57-62. Avail-
able from: https://meridian.allenpress.com/operative-dentistry/article/
38/1/57/206010/Efficacy-of-Mouth-Rinses-and-Toothpaste-on-Tooth.
Thosre D, Mulay S. Smile enhancement the conservative way: Tooth whit-
ening procedures. J Conserv Dent. 2009;12(4):164 Available from: http://
www.jcd.org.in/text.asp?2009/12/4/164/58342.

Heymann HO. Tooth whitening: facts and fallacies. In: British Dental
Journal. 2005. p. 514. Available from: www.bda-events.org.

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

Lima DANL, De Alexandre RS, Martins ACM, Aguiar FHB, Ambrosano
GMB, Lovadino JR. Effect of curing lights and bleaching agents on
physical properties of a hybrid composite resin. J Esthet Restor Dent.
2008;20(4):266-73.

Niederman R, Tantraphol MC, Slinin P, Hayes C, Conway S. Effectiveness
of dentist-prescribed, home-applied tooth whitening. A meta analysis. J
Contemp Dent Pract. 2000;1(4):20-36. Available from: http://www.ncbi.
nim.nih.gov/pubmed/12167948.

Naidu AS, BennaniV, Aarts JM, Brunton P. Over-the-counter tooth whiten-
ing agents: a review of literature. Braz Dent J. 2020;31(3):221-35.

Gerlach RW, Tucker HL, Anastasia MK, Barker ML. Clinical trial compar-
ing 2 hydrogen peroxide tooth whitening systems: strips vs pre-rinse.
Compend Contin Educ Dent. 2005;26(12):874-8.

. Karadas M, Duymus ZY. In vitro evaluation of the efficacy of differ-

ent over-the-counter products on tooth whitening. Braz Dent J.
2015;26(4):373-7. Available from: https://doi.org/10.1590/0103-64402
013x0111.

Lima JPM, Melo MAS, Passos VF, Braga CLN, Rodrigues LKA, Santiago SL.
Dentin erosion by whitening mouthwash associated to toothbrushing
abrasion: a focus variation 3D scanning microscopy study. Microsc Res
Tech. 2013;76(9):904-8.

. CarlinV, Matsumoto MA, Saraiva PP, Artioli A, Oshima CTF, Ribeiro DA.

Cytogenetic damage induced by mouthrinses formulations in vivo and
in vitro. Clin Oral Investig. 2012;16(3):813-20. Available from: http:/link.
springer.com/https://doi.org/10.1007/500784-011-0559-2.

Lima FG, Rotta TA, Penso S, Meireles SS, Demarco FF. In vitro evaluation of
the whitening effect of mouth rinses containing hydrogen peroxide. Braz
Oral Res. 2012,26(3):269-74. Available from: http://www.scielo.br/scielo.
php?script=sci_arttextandpid=51806-83242012000300014andIng=
enandting=en.

Consolaro A. Mouthwashes with hydrogen peroxide are carcinogenic,
but are freely indicated on the internet: warn your patients! Dental Press J
Orthod. 2013;18(6):5-12. Available from: http://www.scielo.br/scielo.php?
script=sci_arttextandpid=S52176-94512013000600002andIng=enand
tiIhg=en.

Gasparri F, Schemehorn BR, Zanardi A. Efficacy of teeth whitening with a
mouthwash in vitro and in vivo approaches. J Clin Dent. 2018,29(1):13-7.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/29758152.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

Page 10 of 11

. Ntovas P, Masouras K, Lagouvardos P. Efficacy of non-hydrogen peroxide

mouthrinses on tooth whitening: an in vitro study. J Esthet Restor Dent.
2021;33(7):1059-65.

. Ayad F, De Sciscio P, Stewart B, De Vizio W, Petrone ME, Volpe AR. The stain

prevention efficacy of two tooth whitening dentifrices. Compend Contin
Educ Dent. 2002;23(8):733-6, 738; quiz 740. Available from: http://www.
ncbi.nim.nih.gov/pubmed/12244740.

. Oliveira J, Sarlo R, Bresciani E, Caneppele T. Whitening efficacy of whiten-

ing mouth rinses used alone or in conjunction with carbamide peroxide
home whitening. Oper Dent. 2017;42(3):319-26. Available from: https://
meridian.allenpress.com/operative-dentistry/article/42/3/319/107669/
Whitening-Efficacy-of-Whitening-Mouth-Rinses-Used.

Patil P Ankola A, Hebbal M, Patil A. Comparison of effectiveness of
abrasive and enzymatic action of whitening toothpastes in removal of
extrinsic stains - a clinical trial. Int J Dent Hyg. 2015;13(1):25-9. Available
from: https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/idh.
12090.

Chakravarthy PK, Acharya S. Efficacy of extrinsic stain removal by novel
dentifrice containing papain and bromelain extracts. J Young Pharm.
2012;4(4):245-9. Available from: http://www.jyoungpharm.org/article/
648.

Li Q Xu BT, Li R, Yu H, Wang YN. Quantitative evaluation of colour
regression and mineral content change of bleached teeth. J Dent.
2010;38(3):253-60. Available from: https://linkinghub.elsevier.com/retri
eve/pii/S0300571209002589.

Santana Jorge O, Noronha Ferraz de Arruda C, Tonani Torrieri R, Geng
Vivanco R, de Carvalho Panzeri Pires-de-Souza F. Over-the-counter
bleaching agents can help with tooth whitening maintenance. J Esthet
Restor Dent. 2022;34(2):328-34.

Scientific ADAC on, Dentists. Tooth whitening/bleaching: treatment
considerations for dentists and their patients. 2009.

Kwon S, Meharry M, Oyoyo U, Li Y. Efficacy of do-it-yourself whitening as
compared to conventional tooth whitening modalities: an in vitro study.
Oper Dent. 2015;40(1):E21-7. Available from: https://meridian.allenpress.
com/operative-dentistry/article/40/1/E21/194247/Efficacy-of-DoltYourse
If-Whitening-as-Compared-to.

LiY. Safety controversies in tooth bleaching. Dent Clin North Am.
2011;55(2):255-63. Available from: https://linkinghub.elsevier.com/retri
eve/pii/S0011853211000048.

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(S1).
Available from: https://onlinelibrary.wiley.com/doi/10.1111/jerd.12149.
Tinastepe N, Malkondu O, Iscan |, Kazazoglu E. Effect of home and over
the contour bleaching on stainability of CAD/CAM esthetic restorative
materials. J Esthet Restor Dent. 2021;33(2):303-13. Available from: https://
onlinelibrary.wiley.com/doi/https://doi.org/10.1111/jerd.12604.

Yilmaz MN, Gul P. Susceptibility to discoloration of dental restorative
materials containing dimethacrylate resin after bleaching. Odontology.
2023;111(2):376-86. Available from: https://link.springer.com/https://doi.
0rg/10.1007/510266-022-00743-3.

Mada DC, Gasparik C, Irimie Al, Mada MD, Dudea D, Campian RS. Evalu-
ation of chromatic changes of a nanocomposite resin using the new
whiteness index. Med Pharm Reports. 2018;91(2):222-8. Available from:
https://www.medpharmareports.com/index.php/mpt/article/view/893.
Yu H, Cheng S, Jiang N, Cheng H. Effects of cyclic staining on the color,
translucency, surface roughness, and substance loss of contemporary
adhesive resin cements. J Prosthet Dent. 2018;120(3):462-9. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S0022391317307096.
Farawati FAL, Hsu S-M, O'Neill E, Neal D, Clark A, Esquivel-Upshaw J.
Effect of carbamide peroxide bleaching on enamel characteristics and
susceptibility to further discoloration. J Prosthet Dent. 2019;121(2):340-6.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/30139674.

Kihn PW, Barnes DM, Romberg E, Peterson K. A clinical evulation of 10
percent carbamide peroxide tooth-whitening agents. J Am Dent Assoc.
2000;131(10):1478-84. Available from: https:/linkinghub.elsevier.com/
retrieve/pii/S0002817714651576.

Jaime IM de L, Franga FMG, Basting RT, Turssi CP, Amaral FLB. Efficacy of
hydrogen-peroxide-based mouthwash in altering enamel color. Am J
Dent. 2014,27(1):47-50. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24902405.


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-64402016000100060&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-64402016000100060&lng=en&tlng=en
https://meridian.allenpress.com/operative-dentistry/article/38/1/57/206010/Efficacy-of-Mouth-Rinses-and-Toothpaste-on-Tooth
https://meridian.allenpress.com/operative-dentistry/article/38/1/57/206010/Efficacy-of-Mouth-Rinses-and-Toothpaste-on-Tooth
http://www.jcd.org.in/text.asp?2009/12/4/164/58342
http://www.jcd.org.in/text.asp?2009/12/4/164/58342
https://www.bda-events.org
http://www.ncbi.nlm.nih.gov/pubmed/12167948
http://www.ncbi.nlm.nih.gov/pubmed/12167948
https://doi.org/10.1590/0103-64402013x0111
https://doi.org/10.1590/0103-64402013x0111
http://link.springer.com/https://doi.org/10.1007/s00784-011-0559-2
http://link.springer.com/https://doi.org/10.1007/s00784-011-0559-2
http://www.scielo.br/scielo.php?script=sci_arttextandpid=S1806-83242012000300014andlng=enandtlng=en
http://www.scielo.br/scielo.php?script=sci_arttextandpid=S1806-83242012000300014andlng=enandtlng=en
http://www.scielo.br/scielo.php?script=sci_arttextandpid=S1806-83242012000300014andlng=enandtlng=en
http://www.scielo.br/scielo.php?script=sci_arttextandpid=S2176-94512013000600002andlng=enandtlng=en
http://www.scielo.br/scielo.php?script=sci_arttextandpid=S2176-94512013000600002andlng=enandtlng=en
http://www.scielo.br/scielo.php?script=sci_arttextandpid=S2176-94512013000600002andlng=enandtlng=en
http://www.ncbi.nlm.nih.gov/pubmed/29758152
http://www.ncbi.nlm.nih.gov/pubmed/12244740
http://www.ncbi.nlm.nih.gov/pubmed/12244740
https://meridian.allenpress.com/operative-dentistry/article/42/3/319/107669/Whitening-Efficacy-of-Whitening-Mouth-Rinses-Used
https://meridian.allenpress.com/operative-dentistry/article/42/3/319/107669/Whitening-Efficacy-of-Whitening-Mouth-Rinses-Used
https://meridian.allenpress.com/operative-dentistry/article/42/3/319/107669/Whitening-Efficacy-of-Whitening-Mouth-Rinses-Used
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/idh.12090
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/idh.12090
http://www.jyoungpharm.org/article/648
http://www.jyoungpharm.org/article/648
https://linkinghub.elsevier.com/retrieve/pii/S0300571209002589
https://linkinghub.elsevier.com/retrieve/pii/S0300571209002589
https://meridian.allenpress.com/operative-dentistry/article/40/1/E21/194247/Efficacy-of-DoItYourself-Whitening-as-Compared-to
https://meridian.allenpress.com/operative-dentistry/article/40/1/E21/194247/Efficacy-of-DoItYourself-Whitening-as-Compared-to
https://meridian.allenpress.com/operative-dentistry/article/40/1/E21/194247/Efficacy-of-DoItYourself-Whitening-as-Compared-to
https://linkinghub.elsevier.com/retrieve/pii/S0011853211000048
https://linkinghub.elsevier.com/retrieve/pii/S0011853211000048
https://onlinelibrary.wiley.com/doi/10.1111/jerd.12149
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/jerd.12604
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/jerd.12604
https://link.springer.com/https://doi.org/10.1007/s10266-022-00743-3
https://link.springer.com/https://doi.org/10.1007/s10266-022-00743-3
https://www.medpharmareports.com/index.php/mpr/article/view/893
https://linkinghub.elsevier.com/retrieve/pii/S0022391317307096
http://www.ncbi.nlm.nih.gov/pubmed/30139674
https://linkinghub.elsevier.com/retrieve/pii/S0002817714651576
https://linkinghub.elsevier.com/retrieve/pii/S0002817714651576
http://www.ncbi.nlm.nih.gov/pubmed/24902405
http://www.ncbi.nlm.nih.gov/pubmed/24902405

Mehmethanoglu et al. BMC Oral Health (2025) 25:437

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Rodrigues APM, Klein MC, Dall Agnol MA, Rodrigues-Junior SA. In vitro
tooth whitening effectiveness of whitening mouth rinses. Brazilian J Oral
Sci. 2020;5(19):e206779.

Tredwin CJ, Naik S, Lewis NJ, Scully C. Hydrogen peroxide tooth-whiten-
ing (bleaching) products: review of adverse effects and safety issues. Br
Dent J. 2006;200(7):371-6. Available from: https://www.nature.com/artic
les/4813423.

Corzo CA, Waliszewski KN, Welti-Chanes J. Pineapple fruit bromelain
affinity to different protein substrates. Food Chem. 2012;133(3):631-5.
Available from: https://linkinghub.elsevier.com/retrieve/pii/S030881461
1008223.

Vejai Vekaash C, Kumar Reddy T, Venkatesh K. Effect of vital bleaching
with solutions containing different concentrations of hydrogen peroxide
and pineapple extract as an additive on human enamel using reflectance
spectrophotometer: an in vitro study. J Conserv Dent. 2017;20(5):337.
Available from: http://www.jcd.org.in/textasp?2017/20/5/337/221014.
Zanolla J, Marques A, da Costa D, de Souza A, Coutinho M. Influence of
tooth bleaching on dental enamel microhardness: a systematic review
and meta-analysis. Aust Dent J. 2017;62(3):276-82. Available from: https://
onlinelibrary.wiley.com/doi/https://doi.org/10.1111/adj.12494.

Soares DG, Ribeiro APD, Sacono NT, Loguércio AD, Hebling J, Costa CA de
S. Mineral Loss and Morphological Changes in Dental Enamel Induced by
a 16% Carbamide Peroxide Bleaching Gel. Braz Dent J. 2013;24(5):517-21.
Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=
S0103-64402013000500517&Ing=en&ting=en.

Smidt A, Feuerstein O, Topel M. Mechanical, morphologic, and chemical
effects of carbamide peroxide bleaching agents on human enamel

in situ. Quintessence Int. 2011;42(5):407-12. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/21519560.

Akkus A, Karasik D, Roperto R. Correlation between micro-hardness and
mineral content in healthy human enamel. J Clin Exp Dent. 2017,0-0.
Available from: http://www.medicinaoral.com/medoralfree01/aop/53345.
pdf.

de Arruda A, dos Santos P, Sundfeld R, Berger S, Briso A. Effect of
hydrogen peroxide at 35% on the morphology of enamel and interfer-
ence in the de-remineralization process: an in situ study. Oper Dent.
2012,37(5):518-25. Available from: https://meridian.allenpress.com/
operative-dentistry/article/37/5/518/206279/Effect-of-Hydrogen-Perox
ide-at-35-on-the.

Irmaleny |, Hidayat OT, Yolanda Y, Tobing EL. Comparative Evaluation of
the Increase in Enamel Hardness Post-External Bleaching after Using
Casein Phosphopeptide Amorphous Calcium Phosphate Fluoride (CPP-
ACPF) and 5% Sodium Fluoride (NaF) Remineralizing Agents. Eur J Dent.
2023 Jan 30; Available from: http://www.thieme-connect.de/DOI/DOI?
https://doi.org/10.1055/5-0043-1761189.

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

Page 11 of 11


https://www.nature.com/articles/4813423
https://www.nature.com/articles/4813423
https://linkinghub.elsevier.com/retrieve/pii/S0308814611008223
https://linkinghub.elsevier.com/retrieve/pii/S0308814611008223
http://www.jcd.org.in/text.asp?2017/20/5/337/221014
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/adj.12494
https://onlinelibrary.wiley.com/doi/https://doi.org/10.1111/adj.12494
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-64402013000500517&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-64402013000500517&lng=en&tlng=en
http://www.ncbi.nlm.nih.gov/pubmed/21519560
http://www.ncbi.nlm.nih.gov/pubmed/21519560
http://www.medicinaoral.com/medoralfree01/aop/53345.pdf
http://www.medicinaoral.com/medoralfree01/aop/53345.pdf
https://meridian.allenpress.com/operative-dentistry/article/37/5/518/206279/Effect-of-Hydrogen-Peroxide-at-35-on-the
https://meridian.allenpress.com/operative-dentistry/article/37/5/518/206279/Effect-of-Hydrogen-Peroxide-at-35-on-the
https://meridian.allenpress.com/operative-dentistry/article/37/5/518/206279/Effect-of-Hydrogen-Peroxide-at-35-on-the
http://www.thieme-connect.de/DOI/DOI?https://doi.org/10.1055/s-0043-1761189
http://www.thieme-connect.de/DOI/DOI?https://doi.org/10.1055/s-0043-1761189

	The effects of the use of whitening mouthwash after home bleaching on the color stability and surface hardness of enamel
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Experimental design
	Specimen preparation
	Microhardness measurement
	Color measurement
	Whitening procedure
	Staining procedure
	Mouthwash exposure procedure
	Statistical analysis

	Results
	Color results
	Microhardness test results

	Discussion
	Conclusions
	Clinical significance

	Acknowledgements
	References


