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Abstract
Objective This study aimed to evaluate the effects of adding chitosan to 35% hydrogen peroxide gels (for in-office bleach-
ing), with or without calcium gluconate, on tooth properties and bleaching efficacy.
Methods Bovine enamel/dentin specimens (4 × 4 × 2.5 mm) were randomly allocated into groups (n = 10): negative control 
(unbleached), bleaching with 35% hydrogen peroxide gel (35% HP, commercial gel); 35% HP with 2% chitosan (% wt) (35% 
HP + chitosan), 35% HP and calcium (35% HP + Ca, commercial gel), and 35% HP + Ca + 2% chitosan. Variation of surface 
profile (ΔRa) and color analyses (ΔL*, Δa*, Δb*, ΔE*ab, ΔE00, and ΔWID) were performed comparing specimens at base-
line (initial) and 24 h after of storage in artificial saliva (final). Surface microhardness (KHN) values and scanning electron 
microscopy (SEM) images were obtained on conclusion. The data were analyzed by ANOVA and Tukey’s tests (KHN), 
generalized linear models (ΔL*, ΔEab, ΔE00, ΔWID, ΔRa), and Kruskal–Wallis and Dunn tests (Δa*, Δb*) (α = 0.05).
Results Considering ΔL*, Δa*, Δb*, ΔE*ab, ΔE00, and ΔWID values, the bleached groups differed from negative control. 
For ΔRa, chitosan-based groups showed lower variation in surface roughness compared to 35% HP, without significant dif-
ference from negative control. For KHN, chitosan groups did not differ from negative control (unbleached control = chitosan 
groups > 35% HP + Ca > 35% HP). For SEM, slight surface changes were observed in all bleached groups, but the intensity 
varied according to gel used (35% HP > gels with Ca > gels with chitosan).
Conclusion Chitosan-enriched hydrogen peroxide gels can reduce negative impacts on tooth properties without affecting 
bleaching efficacy.
Clinical relevance Although commercial gels containing remineralizing agents such as calcium reduce the negative effects 
on the properties of teeth, the addition of chitosan appears to be a promising approach to preservation of dental properties 
without interfering in bleaching efficacy.
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Introduction

Dental bleaching is an esthetic treatment considered safe, 
effective, easy to perform, and has satisfactory esthetic 
results [1]. In spite of its undisputed efficacy as treatment 
for changes in tooth color, some adverse results have been 
reported such as tooth sensitivity [2], reduction in the bond 
strength [3] and microhardness values [4], slight alteration 
of surface roughness [5], and alterations in mineral content 
of enamel [6–8] and dentin [9]. While these changes are 
considered small or reversible, the treatment could reduce 
the amount of calcium and phosphorus in the tooth struc-
ture [6, 7]. The intensity of these adverse effects is associ-
ated with properties of the gel such as its pH [10–13] and 
the ability to provide availability of the bleaching agent. 
Other contributory factors include characteristics inherent 
to the patient, such as the effects of saliva [14] and avail-
ability of remineralizing agents during oral health care. As 
regards care determined by the technique and professional 
choice, attention is now being given to associating bleach-
ing agents with remineralizing agents.

Some remineralizing compounds, such as fluoride, 
calcium, amorphous calcium phosphate, and synthetic 
hydroxyapatite, have been proposed to minimize these 
adverse effects [5, 15, 16]. Different active principles 
are being added to bleaching gel in order to prevent (or 
decrease) demineralization events or tooth sensitivity 
from arising during bleaching therapies [17]. In this sense, 
biopolymers have been characterized since they may have 
remineralizing or anti-erosive potential. Chitosan is a natu-
ral molecule derived from the deacetylation of chitin [18], 
which has a higher potential to bind electrostatically to 
surfaces with negative zeta potential, as phosphate from 
dental tissues as well as phosphate, fluoride, and proteins 
from saliva, promoting remineralization [19–21]. Indeed, 
chitosan acts as a thickener and carrier with its film-form-
ing properties [22], acting as a stable barrier under the 
enamel or dentin, protecting the tooth from the process 
of demineralization or erosive events [23]. Chitosan has 
already been added to the bleaching gel [24, 25] and has 
shown that it does not interfere with the bleaching effi-
cacy; however, its ability to minimize the adverse effects 
of bleaching is still unknown.

The risk or intensity of adverse effects arising from 
tooth bleaching is commonly related to increased concen-
tration of the bleaching gel [26]. In-office bleaching gels 
are more prone to causing morphological and structural 
alterations on/in enamel [9, 27]. Thus, this in vitro study 
aimed to evaluate the effects of adding chitosan to com-
mercial bleaching gels (with or without calcium) on the 
bleaching efficacy, surface microhardness (KHN), and 
surface roughness (Ra), by means of scanning electron 

microscopy (SEM) analyses. The null hypotheses tested in 
this study were the following: (1) the addition of chitosan 
to bleaching gels would not interfere in the bleaching effi-
cacy; (2) the addition of chitosan to bleaching gels would 
not affect the properties of teeth after bleaching.

Materials and methods

Study design

Bovine enamel/dentin blocks were randomly allocated 
into five groups (n = 10) according to bleaching gel used:  
unbleached (negative control), 35% hydrogen peroxide, 35% 
hydrogen peroxide with 2% chitosan, 35% hydrogen perox-
ide with calcium, 35% hydrogen peroxide with calcium, and 
2% chitosan. The blocks were evaluated for color, roughness, 
microhardness, and surface images obtained by scanning 
electron microscopy. Information about groups and materi-
als used are detailed in Table 1. The bovine teeth used were 
all donated from a slaughterhouse, where the animals are 
slaughtered for another reason and not for research purposes. 
In the present study, all applicable international guidelines 
for the care and use of animal portions were followed.

The sample size calculation was conducted using 
G*Power 3.1.5 (Heine, Universität Dusseldorf, Germany). 
For this, the following parameters were used: α = 0.05, 
1-β = 0.8 (power), and effect size according to more relevant 
variables. The effect size was calculated based on means and 
standard deviation (n = 3). Considering differences among 
experimental bleached groups, the results (variable; effect 
size; minimum samples required) indicated for general color 
difference (ΔEab; 0.8873; n = 5), luminosity (ΔL*; 0.5947; 
n = 9), roughness (ΔRa; 0.8164; n = 6), and microhardness 
(KHN, 3.4471, n = 2). Thus, the study was conducted with 
n = 10.

Specimen preparation

Bovine teeth were stored in a 0.01% thymol solution at 4 °C 
for 30 days until use. A total of 50 specimens measuring 
4 × 4 × 2.5 mm were obtained using a metallographic cut-
ter (IsoMet 1000, Buehler Ltd, Lake Bluff, IL, USA) and a 
diamond disk (Buehler Ltd, Lake Bluff, IL, USA). Silicon 
carbide abrasive papers (#1200/2500/p4000, Buehler Ltd, 
Lake Bluff, IL, USA) were used for planing and polishing, 
under constant irrigation, in a polisher (Aropol E, Arotec, 
Cotia, SP, Brazil). The final polishing was performed with 
felt pads (TOP, RAM and SUPRA, Arotec, Cotia, SP, Bra-
zil) associated with diamond pastes (1, 1/2 and 1/4 μm). 
Between each step and at the end of polishing, the specimens 
were sonicated (Marconi, Piracicaba, São Paulo, Brazil) in 
distilled water to remove debris, for 15 min. The specimens 
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were inspected under an optical microscope and those with-
out surface defects or cracks were selected.

Bleaching treatment and group division

For all bleached groups, bleaching treatments were per-
formed in one session according to the manufacturer’s 
instructions. The 35% hydrogen peroxide bleaching gel 
(Whiteness HP, FGM, Joinville, Brazil) with or without 2% 
chitosan was applied three times for 15 min, each time, total-
ing 45 min. The 35% hydrogen peroxide bleaching gel with 
calcium (Whiteness HP Blue, FGM Produtos Odontológi-
cos, Santa Catarina, Brazil) with 2% chitosan added, or not, 
was applied once for 45 min. For chitosan-enriched hydro-
gen peroxide gels, the chitosan powder (Medium molecular 
weight, Sigma-Aldrich Co., Madrid, Spain) was weighed 
using an analytical balance (AUW 220 d, Shimadzu, Kyoto, 
Japan) considering 2% of the weight of the manipulated 
gel. After this, the chitosan was incorporated into gel and 
immediately applied to the specimen surfaces. The chitosan 
concentration was determined based on previous studies 
[28, 29] taking account the important properties of the mol-
ecule, as molecular weight and degree of acetylation [28]. 
The chitosan was added to the gel and manually stirred until 
complete mixture. In pilot tests, no alterations on viscosity 
and crystallinity of the bleaching gel were verified, being it 
considered for use.

For the bleaching, the specimens were placed on a glass 
plate at room temperature. Between the applications of 
the 35% HP and 35% HP + chitosan, the bleaching gel was 
carefully removed with cotton. For all bleaching groups, 
the specimens were washed with distilled water, without 

difficulties irrespective of the bleaching gel used. When vis-
ually cleaned, they were dried with absorbent paper on con-
clusion of the bleaching session. The specimens were kept 
in remineralizing solution [30], simulating artificial saliva 
(1.5-mM Ca; 0.9-mM  PO4; and 150-mM KCl in 20-mM Tris 
buffer, pH 7.0) at 37 °C, for 24 h before and 24 h after the 
bleaching session.

Color

Color measurements were performed at baseline (initial) and 
24 h after conclusion of the bleaching treatment. The read-
ings were performed in a light chamber (GTI Mini Matcher 
MM1e, GTI Graphic Technology Inc., Newburgh, NY, USA) 
to obtain the standardization of the light incident on the sam-
ples and on the spectrophotometer at the time of color anal-
ysis. A reflectance spectrophotometer (CM 700D, Konica 
Minolta, Osaka, Japan) with an aperture size of 3 mm was 
used, calibrated according to the manufacturer’s recommen-
dations prior to carrying out the readings. The readings were 
obtained in the coordinates of the CIE L*a*b* system. The 
differences in the L*, a*, and b* values between the times 
were expressed as ΔL*, Δa*, and Δb*.

The general color differences between the time inter-
vals were expressed by the values of ΔEab = √ (∆L*)2 + 
(∆a*)2 + (∆b*)2 and CIEDE 2000 (ΔE00). The values of 
∆E00 were calculated as proposed by Sharma et al. [31]. 
The whiteness index in dentistry (WID) was calculated in 
each time interval, considering the formula of WID = 0.511
L* − 2.324a* − 1.100b* [32], and then its variation (ΔWID) 
was determined.

Table 1  Groups and products used in this study

Groups Bleaching gel Manufacturer Composition

Negative control (unbleached) - - -
35% HP 35% hydrogen peroxide 35% HP: Whiteness HP, FGM, 

Santa Catarina, Brazil
35% hydrogen peroxide, thickeners, 

red pigment, glycol and water
35% HP + 2% chitosan 35% hydrogen peroxide with 2% 

chitosan
35% HP: Whiteness HP, FGM, 

Joinville, Brazil
Chitosan: Sigma Aldrich Co., 

Madrid, Spain

35% HP: 35% hydrogen peroxide, 
thickeners, red pigment, glycol 
and water

Chitosan molecular formula: 
 C56H103N9O39

35% HP + Ca 35% hydrogen peroxide and 
calcium

35% HP + Ca: Whiteness HP Blue, 
FGM, Santa Catarina, Brazil

35% hydrogen peroxide, thickeners, 
inert violet pigment, neutralizing 
agents, calcium gluconate, glycol 
and deionized water

35% HP + Ca + 2% chitosan 35% hydrogen peroxide and cal-
cium with 2% chitosan

35% HP + Ca: Whiteness HP Blue, 
FGM, Santa Catarina, Brazil

Chitosan: Sigma Aldrich Co., 
Madrid, Spain

35% HP + Ca: 35% hydrogen 
peroxide, thickeners, inert violet 
pigment, neutralizing agents, 
calcium gluconate, glycol and 
deionized water

Chitosan molecular formula: 
 C56H103N9O39
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Surface roughness

The surface roughness analysis was performed at baseline 
and 24 h after bleaching procedures using a contact pro-
filometer (Surfcorder SE1700, Kosaka Lab, Akita, Japan). 
Three different equidistant scans of 1.25 mm each were 
measured on the surface of each sample, with a cutoff of 
0.25 mm and a velocity of 0.1 mm/s, and in all readings, 
the tip of the profilometer passed through the specimen 
center. The average of the three readings was considered the 
roughness (Ra) of each specimen. In order to assess possible 
changes in the surface profile, the variation in roughness val-
ues (ΔRa) were calculated between reading time intervals.

Surface microhardness

Surface microhardness analysis was performed 24 h after 
the bleaching treatment using a Knoop microhardness tester 
(HMV-2000, Shimadzu, Tokyo, Japan), with a load of 50 g 
for 5 s. The final microhardness values (KHN) were obtained 
by arithmetic mean of 5 indentations made in the central 
region of the specimen, with a distance of 100 µm between 
them. This analysis was performed at the end for all groups, 
so that it would not interfere with the roughness evaluation, 
which was performed with a contact profilometer.

Scanning electron microscopy (SEM)

For SEM analysis, representative specimens (n = 2) of each 
group were randomly selected and immersed in solutions 
with decreasing concentrations of ethanol for 20 min. After 
this, the specimens were mounted on an acrylic stub under 
an aluminum tape (3 M Adhesives Ltd., St. Paul, MN, USA) 
and subjected to sputter-coated under vacuum (Balzers, SCD 
050 sputter coater, Germany) with a thin layer of gold. Sub-
sequently, images (× 4000 magnification) were captured of 
representative areas of the specimens by scanning electron 
microscopy (JEOL.JSM 5600LV, Tokyo, Japan).

Statistical analysis

Initially, the data were evaluated for normality and homo-
scedasticity assumptions. Thus, KHN was submitted to one-
way analysis of variance (ANOVA) and Tukey’s tests; ΔL*, 
ΔEab, ΔE00, ΔWID, and ΔRa were evaluated by general-
ized linear models; Δa* and Δb* results were analyzed with 
Kruskal–Wallis and Dunn tests. The tests were conducted 
using R Core Team (R Foundation for Statistical Computing, 
Vienna, Austria). In all evaluations, the significance level of 
5% was considered.

Results

Color analyses

The color results are presented in Table 2 and Table 3. For 
ΔL*, the bleached groups differed statistically from the neg-
ative control (p < 0.01), irrespective of the gel composition. 
For Δa*, no statistical differences were found between any of 
the groups (p > 0.05). For Δb*, all bleached groups differed 
statistically from the negative control group (p < 0.0001). 
Considering the values found for general color change 

Table 2  Mean (SD) of ΔL* 
results and median (min; 
max) of Δa* and Δb* results 
comparing baseline and 24 h 
after dental bleaching (n = 10)

Different lowercase letters indicate statistical differences in same column (p < 0.05). Abbreviations: 35% 
HP, 35% hydrogen peroxide bleaching gel; 35% HP + Ca: 35% hydrogen peroxide bleaching gel containing 
calcium

Bleaching treatment ΔL* (black-white) Δa* (green–red) Δb* (blue-yellow)

Negative control (unbleached) 0.02 (0.32) b  − 0.05 (− 0.13; 0.14) a 0.04 (− 0.52; 0.29) a
35% HP 2.63 (0.49) a  − 0.35 (1.03; 0.07) a  − 5.45 (− 7.65; − 4.52) b
35% HP + 2% chitosan 2.98 (0.86) a  − 0.10 (− 0.68; 0.46) a  − 6.16 (− 8.27; − 5.52) b
35% HP + Ca 2.41 (0.57) a  − 0.25 (− 0.86; − 0.05) a  − 5.57 (− 5.94; − 3.92) b
35% HP + Ca + 2% chitosan 2.55 (0.66) a  − 0.38 (− 0.86; 0.25) a  − 5.79 (− 8.75; 4.87) b

Table 3  Mean (standard deviation) of general color change (ΔEab, 
ΔE00, and ΔWID) comparison between the values at baseline and 
24 h after tooth bleaching (n = 10)

Different lowercase letters indicate statistical differences in same 
column (p < 0.05). Abbreviations: 35% HP, 35% hydrogen peroxide 
bleaching gel; 35% HP + Ca: 35% hydrogen peroxide bleaching gel 
containing calcium

Bleaching treatment ΔE*ab ΔE00 ΔWID

Negative control 
(unbleached)

0.25 (0.10) b 0.25 (0.12) c 0.15 (0.45) b

35% HP 4.61 (0.73) a 4.53 (0.75) ab 8.48 (1.77) a
35% HP + 2% chitosan 4.58 (1.35) a 5.23 (0.72) a 8.96 (2.14) a
35% HP + Ca 3.58 (0.82) a 4.09 (0.56) b 7.55 (1.09) a
35% HP + Ca + 2% 

chitosan
4.57 (1.06) a 4.39 (0.36) ab 8.60 (2.07) a
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(Table 3), according to ΔEab (p < 0.05), ΔE00 (p < 0.05), or 
ΔWID (p < 0.05) values, the chitosan-enriched gels did not 
differ statistically from its respective commercial bleaching 
gel; the only differences found were with the negative con-
trol (p < 0.01), which was not bleached. For ΔE00 values, a 
statistical difference between 35% HP + 2% chitosan group 
and 35% HP + Ca without chitosan was found (p < 0.0001), 
which obtained lower values.

Surface roughness

The surface roughness results (ΔRa) are shown in Table 4. 
The initial Ra values were evaluated, and no statistical differ-
ences were found (general mean = 0.1113, p = 0.8495 after 
randomization). Considering ΔRa results, the 35% HP group 
showed a high positive variation in roughness values, dif-
fering from the negative control group (p < 0.01). The 35% 
HP + 2% chitosan, 35% HP + Ca, and 35% HP + Ca + 2% 
chitosan groups showed the smallest positive variation in 
roughness values and did not differ statistically from the neg-
ative control (p > 0.05). The 35% HP + 2% chitosan group 
differed from its respective commercial control (35% HP, 
p < 0.01); however, the 35% HP + Ca + 2% chitosan group 
did not differ from its respective commercial control (35% 
HP + Ca, p > 0.05).

Surface microhardness

The surface microhardness results (KHN) are presented in 
Table 4. The 35% HP group showed the lowest KHN values 
and differed statistically from all groups (p < 0.001). The 
35% HP + Ca group differed statistically from all groups 
evaluated and had lower microhardness values than negative 
control group and higher microhardness values when com-
pared with the 35% HP group. The 35% HP + 2% chitosan 
and 35% HP + Ca + 2% chitosan groups showed the highest 

microhardness values among all the bleached groups; chi-
tosan-enriched hydrogen peroxide gels did not differ sta-
tistically from the negative control (p > 0.05) and differed 
from their respective bleaching gel without chitosan group 
(p < 0.01).

Scanning electron microscopy (SEM)

The SEM images according to the group are shown in Fig. 1. 
A smooth and uniform enamel surface was observed in 
the negative control (Fig. 1A), which represents an intact 
enamel. Slight surface changes were observed in all bleached 
groups, but the intensity varied according to gel used (35% 
HP > gel with Ca > gels with chitosan). The 35% HP group 
exhibited a demineralization pattern, pores, and depres-
sions (Fig. 1B). The 35% HP + Ca showed intermediate 
surface changes when compared with the other bleached 
groups (Fig. 1D). The groups with chitosan (Fig. 1C and E) 
showed fewer surface changes and less evidence of dissolu-
tion among all bleached groups and exhibited surface char-
acteristics that were more similar to those of the unbleached 
control group (Fig. 1A).

Discussion

This study evaluated the addition of 2% chitosan to 35% 
hydrogen peroxide gels with or without calcium, on the 
physical properties of the bleached enamel. The first null 
hypothesis of this study was accepted because the addition 
of chitosan to bleaching gels did not interfere in the bleach-
ing efficacy; and the second null hypothesis was accepted, 
because the addition of chitosan to bleaching gels did not 
affect the properties of teeth after bleaching, whereas com-
mercial gels without chitosan promoted changes in the 
properties of teeth at different intensities. The addition of 
chitosan to bleaching gels resulted in minor surface changes 
after tooth bleaching, and did not interfere in the bleach-
ing efficacy. The bleaching gels without chitosan acted as 
an active control for the respective gels with the addition 
of chitosan, which allowed assessment of the effect of 2% 
chitosan (% wt).

The 35% HP group showed the lowest KHN values and 
the highest positive variation in roughness values (ΔRa) 
when compared with the other bleached groups. These 
changes were probably related to peroxide-based gels with 
non-neutral pH, capable of causing a modification/dissolu-
tion of mineralized structures such as dental enamel [5, 7]. 
The change in physical properties after bleaching is asso-
ciated with the effects of demineralization caused by the 
diffusion of hydrogen peroxide and the acidic pH of the 
bleaching gels [33–35]. In addition, the 35% HP group dif-
fered statistically from all bleached groups for all analyses. 

Table 4  Mean (standard deviation) of the roughness variation (ΔRa) 
and final microhardness values (KHN) according to bleaching treat-
ment (n = 10)

Different lowercase letters indicate statistical differences in same 
column (p < 0.05). Abbreviations: 35% HP, 35% hydrogen peroxide 
bleaching gel; 35% HP + Ca: 35% hydrogen peroxide bleaching gel 
containing calcium

Bleaching treatment Roughness (ΔRa) Final micro-
hardness 
(KHN)

Negative control (unbleached) 0.001 (0.006) b 363.1 (3.29) a
35% HP 0.034 (0.01) a 322.1 (3.53) c
35% HP + 2% chitosan 0.006 (0.009) b 360.6 (4.93) a
35% HP + Ca 0.013 (0.01) b 336.8 (3.95) b
35% HP + Ca + 2% chitosan 0.007 (0.009) b 364.9 (2.85) a
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This difference may have been due to the fact that the 35% 
HP group was the only bleached group in which the bleach-
ing gel used did not have any remineralizing component 
in its formulation. The SEM images confirmed the results 
observed for the 35% HP group, showing greater surface 
demineralization in the latter, when compared with the other 
bleached groups.

In this study, the presence of calcium in the bleaching 
gel resulted in a decrease in deleterious effects after tooth 
bleaching as has been reported in previous studies [5, 36]. 
The 35% HP + Ca group showed intermediate microhardness 
when compared with the other bleached groups. However, 
in the analysis of roughness, no statistically significant dif-
ferences were observed when compared with the chitosan 
groups. The SEM images confirmed these results because 
the 35% HP + Ca group exhibited intermediate changes 
when compared with the other bleached groups. The addi-
tion of calcium can promote saturation of the bleaching gel, 
allowing their incorporation into the enamel hydroxyapatite 
crystals [36, 37]. This would increase the resistance of these 
crystals to demineralization, reduce the deleterious effects 
caused by hydrogen peroxide [5, 36, 38, 39], and would act 
in favor of remineralization after the teeth were exposed to 
the bleaching gel. Furthermore, enamel demineralization 
by hydrogen peroxide gels affects the ionic balance, which 

allows the deposition of calcium on the enamel surface [39]. 
Despite the beneficial action of calcium, in the present study, 
its presence alone was not enough to prevent or completely 
reverse the changes in enamel properties after tooth bleach-
ing, because the 35% HP + Ca group differed statistically 
from the unbleached group for microhardness evaluation.

The addition of 2% chitosan to the bleaching gels resulted 
in fewer negative effects after tooth bleaching. The 35% 
HP + 2% chitosan and 35% HP + Ca + 2% chitosan groups 
showed the highest microhardness values among the 
bleached groups, differing from the respective commercial 
bleaching gel control and being statistically similar to the 
unbleached group (negative control). These results could 
be explained by the interaction of chitosan with the dental 
structure. Due to its positive zetapotential, chitosan electro-
statically binds to surfaces with negative ions, such as the 
enamel surface [40]. This confirmed the ability of chitosan 
to act as a film-forming agent [22]. The multiple layers of 
chitosan that form [22] are stable in acidic pH environments 
[41], such as those found in bleaching gels or on the tooth 
surface after gel application. In this way, the multiple layers 
of chitosan may have protected the enamel and influenced 
the demineralization process. Chitosan can inhibit mineral 
loss, reducing loss of phosphate ions, depending on the con-
centration and time of exposure to the biopolymer, in a low 

Fig. 1   Representative SEM 
images (× 4000) of the speci-
mens according to the group: A 
negative control (unbleached), 
B 35% HP, C 35% HP + 2% chi-
tosan, D 35% HP + Ca, E 35% 
HP + Ca + 2% chitosan
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pH environment [28], such as the type that could occur dur-
ing whitening procedures.

Chitosan’s ability to bind to ions may also have influ-
enced the results of surface roughness. The groups with the 
addition of 2% chitosan showed less variation in roughness 
compared to 35% HP and did not differ statistically from 
the negative control group. This result was confirmed in 
the SEM images once the groups with 2% chitosan showed 
fewer surface changes and a surface profile similar to those 
found in the control group. Remineralization and mineral 
recovery are relevant processes in the oral environment, and 
the chitosan may possibly be capable of binding to some ions 
present on the enamel surface [40]. Lee et al. [42] have sug-
gested that adsorption of chitosan onto the artificial saliva 
layer may have protected the hydroxyapatite crystals by 
cross-linking between the enamel surface and saliva. Thus, 
the chitosan layer may have favored the incorporation of 
minerals, such as calcium and phosphorus present in artifi-
cial saliva or the bleaching gel formulation, into the enamel. 
Taking into account previous studies [42–44], it could be 
assumed that its remineralizing potential in the case of tooth 
bleaching would be more pronounced under in situ or in vivo 
conditions.

Relative to the color analysis, the efficacy of bleach-
ing was demonstrated by the increase in L* values and the 
decrease in b* values, which represent a lighter and less 
yellowish color of the tooth [45, 46]. Despite the protective 
effects of chitosan-enriched gels, the color results showed 
that the addition of 2% chitosan did not affect the result of 
the bleaching treatment, once all bleached groups showed 
an increase in L* and decrease in b* values. In addition, for 
the color change values (ΔE, ΔE00, ΔWID), the bleached 
groups were similar, with higher values than those of the 
unbleached group, and higher when compared with the 
standard values suggested for clinical acceptability of color 
differences [47]. The color results found in this study are 
in agreement with the study of Kolsuz Ozcetin and Sur-
melioglu [24], who showed that the presence of 0.2% of 
chitosan in the bleaching gel did not interfere in bleaching 
efficacy. Another investigation [25] showed that there were 
no differences in the color change of the enamel when a 6% 
hydrogen peroxide gel was used with or without the addition 
of chitosan. Thus, the color results found in this study sup-
port a safe indication for adding chitosan to bleaching gels 
considering the bleaching efficacy.

Although the results of this in vitro study cannot fully 
predict the clinical effectiveness of adding chitosan to the 
bleaching gel based on 35% hydrogen peroxide and 35% 
hydrogen peroxide with calcium, it can be suggested that 
chitosan is a promising agent against the deleterious effects 
caused by tooth bleaching. Possibly, the results testing 
chitosan-enriched gels in presence of human saliva would 
show more beneficial results. Moreover, the stability and 

storability of the experimental bleaching gels should also be 
evaluated in future researches. Beyond all of the properties 
of chitosan above mentioned, this biopolymer is highly bio-
compatible [48], making it reliable to be used and to have its 
potential fully explored. Thus, in vitro studies that evaluate 
the action of chitosan in the bleaching gel on the properties 
of dentin and in vivo studies are necessary in order to obtain 
clinical validation of the use of chitosan as an additive to 
bleaching gel.

Conclusion

Although commercial gels containing calcium decreased 
the negative impact on the evaluated properties of teeth, the 
addition of 2% chitosan appeared to be a promising approach 
to protecting the teeth from alterations in enamel rough-
ness and microhardness without interfering in the bleaching 
efficacy.
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