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ABSTRACT

Aim: This study evaluated the effect of adding calcium or fluoride 
to 35% hydrogen peroxide (HP) bleaching gel and the effect of 
human saliva on the microhardness of sound and demineralized 
enamel, using an in situ model.

Materials and methods: Cylindrical bovine enamel specimens 
(3 × 2 mm) were divided into two groups (n = 30): sound enamel 
(SE) and demineralized enamel (DE). Each group was divided 
into three subgroups, according to the bleaching gel: 35% 
HP; 35% HP + calcium; 35% HP + fluoride. After bleaching 
therapy, the specimens were fixed to intraoral devices worn 
by 10 volunteers for 7 days. Surface enamel microhardness 
(SMH) was measured before and after bleaching procedures, 
and after 1 and 7 days of saliva exposure. Data were analyzed 
by Repeated Measures ANOVA (5%).

Results: The variable time resulted in significant differences for 
SE and DE groups (p = 0.001). For SE, significantly lower SMH 
was detected for control at post-bleaching period in comparison 
to the baseline and  after 7 days. For DE, the lowest mean values 
were obtained before bleaching, and the addition of calcium to 
the peroxide significantly increased enamel SMH. The exposure 
to human saliva resulted in increased SMH.

Conclusion: The addition of potential remineralizing agents into 
bleaching gels might play an important role in maintaining the 
microhardness of sound enamel and in inducing remineralization 
of artificially demineralized enamel right after bleaching, and 
the remineralizing action of human saliva might minimize the 
deleterious effects of bleaching gels on enamel.
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Introduction

The development of high-concentrations of hydrogen 
peroxide (HP) gel formulations and the use of gingival 
barriers to simultaneously protect the gingival tissue of both 
arches have made in-office bleaching procedure easier and 
faster. This technique is especially indicated for scenarios of 
severe discolorations, discoloration of an individual tooth, 
absence of patient compliance, and to fulfill fast outcome 
expectations by patients.1

Although in-office bleaching has been overall reported 
as a safe and effective procedure, high-concentrated agents 
are potentially aggressive to dental tissues.2,3 Several studies 
have investigated the effects of bleaching agents on enamel 
and controversial results have been obtained. While some 
authors observed a decrease in enamel microhardness after 
bleaching procedures, and its association with the low pH 
of bleaching gels,4,5 this negative effect was not reported 
by others.3,6

Attempts to prevent mineral loss or to promote reminera-
lization of bleached enamel have been made with the use of 
potential remineralizing agents. Calcium and fluoride agents 
were applied after the bleaching procedures or added to the 
bleaching gels resulting in positive outcomes.4,7-13

As initial demineralization might not be clinically 
detected at early stages, demineralized enamel resulted from 
initial decalcification of possible primary or secondary caries 
or from post-orthodontic treatment, might eventually undergo 
bleaching procedures. Thus, the investigation of deleterious 
effects of bleaching agents on demineralized substrate is 
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important. Moreover, the presence of remineralizing agents 
in bleaching gels might reduce the eventual demineralizing 
potential of bleaching agents on sound enamel or might 
promote remineralization to demineralized enamel.

Some manufacturers have added remineralizing agents 
to their bleaching gel formulations aiming to maintain or 
re-establish the microhardness of bleached enamel, and to 
reduce tooth sensitivity.9,14,15

The effect of human saliva on bleached enamel is 
an important consideration when evaluating the real 
potential of these remineralizing agents. Although the 
remineralizing potential of artificial saliva on bleached 
enamel has been observed in vitro,16 no significant effect on 
the remineralization process of bleached enamel immersed 
into artificial saliva or remineralizing solutions was detected 
by others.7,13  In a previous study, the deleterious effect of 
tooth whitening on enamel microhardness was observed  
in vitro, however these effects were not found in situ.17 This 
suggests that human saliva presents improved remineralizing 
capability in comparison to artificial saliva.18

The aim of this in situ study was to evaluate the 
effect of adding fluoride or calcium to 35% HP gel on the 
microhardness of sound and demineralized enamel and 
the effect of human saliva on bleached enamel. The null 
hypotheses investigated were: (a) the addition of fluoride 
or calcium to the bleaching gel does not interfere with the 
microhardness of sound and demineralized bleached enamel; 
(b) the in situ exposure to saliva after 1 or 7 days does not 
interfere with the recovery of microhardness of bleached 
sound and demineralized enamel.

Materials and Methods

Volunteer Selection

Ten volunteers were selected according to the inclusion 
criteria (absence of caries lesion and periodontal disease, 
normal salivary flow) and not violating the exclusion criteria 
(presence of fixed or removable dentures, use of orthodontic 
appliances, pregnant or nursing women). The participants 
signed an informed consent and the study was approved by 
the local IRB under protocol #050/2009-PH/CEP. 

Specimen Preparation

Cylindrical specimens (3 mm in diameter) were obtained 
by cutting the buccal surface of bovine incisors with a 
trephine bur. The specimens were attached to a metal holder, 
previously adapted to 2.1 mm height. The enamel surface 
was placed facing the bottom of the device and the opposite 
surface was abraded with a 600 grit (FEPA-P; Struers, 
Ballerup, Denmark) in a polishing device (DP-10, Panambra, 
São Paulo, SP, Brazil). The specimens were then put back in 

the metal holder adjusted to 2 mm height, with the enamel at 
the surface to allow this tissue to be polished with sequential 
aluminum oxide abrasive papers (1200, 2400 and 4000 grit – 
FEPA-P). The resulting polished specimens presented 3 mm 
in diameter and 2 mm in thickness. The prepared specimens 
were examined under a stereomicroscope (Stemi 2000C –  
Carl Zeiss, Jena, Germany – 20x) to certify the absence 
of cracks or other surface defects. They were immersed 
into containers with distilled water at 121 °C for steam 
sterilization for 20 minutes.19

The baseline surface microhardness (SMH) of all 
specimens was measured using a microhardness tester  
(FM-700, Future-Tech, Tokyo, Japan) with a Knoop diamond 
indenter under a 50 g load for 10 seconds. The average of 
three indentations spaced 100 µm apart, made at the center of 
the specimen was used for SMH determination. For baseline 
specimens’ standardization, after initial SMH measurements, 
60 enamel specimens presenting Knoop Hardness Number 
(KHN) ranging from 264.26 to 346.76 (mean 303.85,  
SD 21.5) were selected.

The specimens were divided into two groups (n = 30)  
according to the enamel treatment prior to the bleaching 
procedure: group SE (sound enamel) with specimens 
immersed into distilled water, and group DE (demineralized 
enamel). The DE specimens were protected with 
wax, except for enamel surface, and artificial enamel 
subsurface lesions were created by individual immersion 
and storage of the specimens in a buffer solution for  
16 hours, following a previously reported protocol.20,21  
The demineralizing solution comprised of 50 mM acetate 
buffer solution containing 1.28 mM Ca(NO3)2•4H2O, 
0.74 mM NaH2PO4•2H2O, and 0.03 ppm F at pH 5.0. The 
specimens were individually immersed into an unstirred 
solution at 37°C. The total volume of solution used was 
calculated using 2 ml/mm2 of the enamel area.

Surface microhardness of demineralized specimens was 
measured and new KHN values were obtained, allowing  
the calculation of the percentage of surface microhardness 
loss (%SMRL), by using the equation: %SMHL = 100 
(SMHafter demineralization – SMHinitial/SMHinitial). Specimens 
within each group (SE and DE) were further divided into 
three subgroups (n = 10), according to the experimental blea
ching gels manipulated by manufacturer (FGM, Joinvile, SC, 
Brazil): 35% HP (control), 35% HP with addition of 0.6% 
sodium fluoride, and 35% HP with addition of 2% calcium 
gluconate. The pH of bleaching gels was measured using a 
calibrated pH Meter (Digimed DM-20, Digicrom Analítica 
Ltda, São Paulo, Brazil) with an electrode (Digimed DME-
CV8). The measured pH values were: 6.35 for the 35% HP 
gel with no additives; 8.11 for the fluoride-modified gel; and 
7.99 for the calcium-modified gel.
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The bleaching agents, presented in two bottles, were 
weighed according to the manufacturer’s instructions, 
following the peroxide rate of 70% and 30% for the 
thickening agent, and then dispensed in two separate 
syringes. These syringes were connected and the two 
components were mixed by ten strokes. The obtained mixed 
gel was then applied on enamel surface for 50 minutes at 
room temperature. The bleaching procedure was performed 
ex-vivo in one session.  

Post-bleaching SMH was measured for all specimens 
and the percentage of surface microhardness alteration was 
calculated for both SE and DE groups, using the following 
equation: %SMHaalteration = 100 (SMHafter bleaching – SMHbefore 
bleaching / KHNbefore bleaching). In SE group, the SMHbefore 

bleaching was the same as SMHinitial
 and in DE group, the value 

of SMHbefore bleaching was the SMHafter demineralization value.

In situ Stage

Ten intraoral devices were made of acrylic resin, containing 
six cavities of 3 mm in diameter and 3 mm in depth. In each 
device, six enamel specimens (one of each experimental 
group) were fixed with sticky wax in order to obtain an 
even surface between the specimen and the surface of the 
acrylic resin, aiming to reduce discomfort that might occur 
by wearing the device during the experimental period.22 The 
specimens of SE and DE groups were fixed in the right and 
left sides of the device, respectively.

Volunteers were advised to wear the device 24 hours a 
day, for seven consecutive days, in order to allow the action 
of saliva on specimens throughout the study to simulate 

the natural conditions of oral environment.22 During this 
period, the volunteers brushed their teeth with non-fluoride 
toothpaste. The devices were removed at mealtimes, rinsed 
and immediately repositioned after oral hygiene. SMH 
were measured after 1 and 7 days post-bleaching and 
the percentage of surface microhardness alteration was 
determined [%SMHaalteration = 100 (SMHafter 1 and 7 days –  
SMHpost-beaching/SMHpost-bleaching)]. The experimental design 
of the study is illustrated in Figure 1.

Statistical Analysis

Surface microhardness data of SE and DE groups were 
separately analyzed. The data obtained after different 
periods of time (baseline immediately after bleaching and 
1 and 7 days after bleaching) were statistically analyzed 
using Repeated Measures (RM) ANOVA (time as repeated 
variable) and Tukey’s test, both with a significance level of 
p < 0.05.

Results

Sound Enamel Groups

The percentage of SMH data obtained in different time 
intervals are presented in Table 1 (negative values mean 
reduction in SMH and positive values mean increase 
in SMH).

Repeated measures ANOVA revealed significant diffe-
rence for time factor (p = 0.001). For groups factor (p = 0.33)  
and for interaction between factors (p = 0.24), there were no 
significant differences.

Fig. 1: Schematic drawing of the methodology
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Table 1 also shows the mean KHN results and standard 
deviation (SD) as well as the Tukey Simple Effect test for 
the different groups and periods tested. Only the control 
group presented lower SMH mean values after bleaching, 
comparing the different periods of time evaluated within 
each group receiving different bleaching protocol. When 
the tested groups were compared within each evaluation 
period, significant lower SMH mean values for control 
group were observed compared to HP + Calcium group at 
the immediately post-bleaching evaluation.

Demineralized Enamel Groups

The percentage of SMH alterations obtained after the 
demineralization phase are close to 50% (data not shown). 

The RM ANOVA revealed significant difference for time 
factor (p = 0.001). No significant differences were observed 
for the group factor (p = 0.75), and for the interaction 
between factors (p = 0.11).

Table 2 shows the mean KHN results and standard 
deviation (SD), as well as the Tukey Simple Effect test for 
different groups and periods tested. Group HP + Calcium 
showed higher SMH mean values in post-bleaching period 
than in baseline. When different groups were compared within 
each evaluated period, the group HP + Calcium exhibited 
significantly higher SMH mean values than control group 
immediately after bleaching. In general, all groups presented 
significantly increase of SMH when exposed to human saliva.

Discussion

Although microhardness test does not provide direct 
information about the alterations of enamel and dentin 
contents,11,23 it is a common method to measure changes 

of the mechanical properties of materials and hard tooth 
tissues, especially in demineralization and remineralization 
experiments. Since major interactions of enamel with the oral 
environment occur on the surface layer of the specimens, the 
evaluation of changes at this region is relevant. Thus, surface 
microhardness test seems to be a feasible choice to estimate 
mineral changes, as it might reflect the alterations of the 
surface layer, such as porosities and erosion of enamel.11,24,25

The bleaching treatment for the sound enamel group led 
to significant enamel SMH reduction. This SMH alteration 
has been documented previously4,5,7,9,12,13,26 and can be 
related to the low pH of gels.3 In the present study, the 
marketed tested HP gel showed a pH value slightly lower 
than neutral (6.25). It can be suggested therefore that the 
reduction in enamel microhardness might also be due to 
other factors, such as the oxidative effect of bleaching agents 
over organic contents of enamel, resulting in subsequent 
mineral loss;27,28 and additionally to the ionic (Ca and P)  
undersaturation of bleaching gel, which is capable of 
interfering with the demineralization/remineralization 
enamel process even at pH values higher than 5.5.13

The first null hypothesis was accepted, as the group factor 
was not significant for both sound and demineralized enamel 
groups. On the other hand, for the multiple comparison 
analysis, the sound and demineralized enamel bleached 
with HP gel plus calcium showed significant higher SMH 
values than control group, and similar values as non-
bleached enamel (baseline values) for the sound groups.  
It is supposed that the addition of remineralizing agents 
will saturate bleaching gel with ions and those can be either 
taken by enamel by means of ionic exchange, increasing its 
resistance to demineralization,13 or preventing mineral loss 
from enamel.

Table 2: Mean KHN (SD) and results of Tukey Simple Effects test for demineralized enamel (DE) subgroups (n = 10) in different 
evaluation periods

Groups Baseline Post-bleaching After 1 day After 7 days
HP Control 150.37 (16.63) aA 162.78 (18.06) aAB 186.34 (43.29) aB 228.07 (30.66) aC
HP + Fluoride 152.56 (15.20) aA 174.67 (42.91) abA 210.97 (49.76) aB 215.82 (40.75) aB
HP + Calcium 148.44 (28.04) aA 197.31 (49.51) bB 207.99 (53.01) aB 210.34 (45.86) aB

Mean values followed by different letters denote statistic difference (Tukey’s test, p < 0.05).
Lower case letters should be considered within columns, while capital letters within rows.

Table 1: Mean KHN (SD), percentage of SMH alterations, and Tukey simple effects test results for sound enamel (SE) subgroups (n = 10)

Groups Baseline Post-bleaching After 1 day After 7 days
HP Control 300.58 (20.12) aA 256.77 (42.78) aB 296.72 (49.77) aAB 319.22 (46.32) aA

–14.28% –0.46% 7.04%
HP + Fluoride 303.87 (22.72) aA 273.80 (39.64) abA 290.93 (43.54) aA 298.62 (38.70) aA

–9.96% –3.97% –1.24%
HP + Calcium 307.10 (23.35) aA 305.34 (39.64) bA 297.51 (25.07) aA 320.96 (54.87) aA

–0.23% –2.69% 4.5%
Mean values followed by different letters denote statistic difference (Tukey’s test, p < 0.05).
Lower case letters should be considered within columns, while capital letters within rows.
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In addition to the reduction of deleterious effects induced 
by bleaching gels to enamel, the advantageous effects of 
potential remineralizing agents on bleaching gels may 
include the reduction of enamel solubility and decreased 
sensitivity due to mineral deposition to enamel crystallites.15 

The second null hypothesis was rejected as demonstrated 
by the remineralizing activity of human saliva detected 
with demineralized groups at one day after the bleaching 
treatment. This observation is also valid for the 7-day period, 
when significant differences were detected due to total 
regression of the demineralizing effect of bleaching agents 
on sound enamel control group. Thus, the results of this study 
can reinforce the fundamental remineralizing role of saliva, 
minimizing the deleterious effects of bleaching agents,17,22 
and corroborate to the statement that when intraoral conditions 
are simulated as close as possible, the risk of decrease in 
microhardness of bleached enamel tends to be reduced.18

The use of non-fluoride toothpaste by the volunteers 
enabled the evaluation of the remineralizing action of 
saliva itself, and was done to eliminate fluoride as potential 
confounding factor. However, the use of fluoride products is 
widespread and might still represent an additional clinical 
factor for the recovery of lost mineral content, contributing  
to accelerate the action of saliva on the bleached enamel.4,10,29

Since bleaching products may eventually be used in 
patients presenting initial white spot lesions, the action of 
high-concentrated bleaching agents on demineralized enamel 
was investigated. The addition of potential remineralizing 
agents into bleaching gels due to their possible preventive 
effect14 was also assessed.

Bleaching with 35% HP caused no exacerbation of enamel 
demineralization, as well as observed previously with less 
concentrated agents.26 When calcium was added to bleaching 
agent, a positive effect on the remineralization process was 
observed within the DE group due to a significant increase in 
SMH. Supplements of calcium added in beverages, chewing 
gums, and dentifrices have been proposed to prevent dental 
caries and erosion and to attempt remineralization of initial 
caries lesions.30-32 The availability of high levels of calcium 
as a soluble salt leads to precipitation of mineral phases of 
calcium-phosphate on enamel surface.33

On the other hand, the addition of fluoride to the bleaching 
gel was not capable of increasing SMH of demineralized 
enamel, probably due to the lower concentration of this  
agent in the final mixture of bleaching gel or the limited 
amount of calcium available in the surrounding oral 
environment. The results of previous studies about the 
effect of remineralizing agents added to bleaching gels on 
demineralized enamel are controversial. Tschoppe et al14  
observed no influence of fluoride-added bleaching gel on 

remineralization behavior of previously demineralized 
enamel, although a significant increase in microhardness was  
obtained when amorphous calcium phosphate was added 
to the bleaching gel. On the other hand, Gladwell et al15  
reported significant remineralizing effect of fluoride-
enriched bleaching gel over demineralized enamel.

Additionally, the remineralizing potential of saliva on 
demineralized enamel was demonstrated in this in situ 
study, regardless of the type of bleaching treatment. The 
protective role of saliva involves the remineralizing potential 
by providing calcium and phosphorus to tooth structures,  
the salivary clearance potential, and also the buffer capacity, 
which prevents pH decrease and further loss of minerals.34 
Nevertheless, the present results might not be extrapolated 
to deeper parts of enamel lesions, once the remineralization 
of outer surface layers might occur more efficiently.35

Thus, the results of the present study suggest that, 
although the addition of potential remineralizing agents 
in bleaching gels may assist in the reduction of enamel 
demineralization induced by bleaching treatment at an 
immediate post-bleaching procedure, the fundamental action 
is played by saliva, since after 7 days all groups exhibited 
similar microhardness values regardless of the bleaching 
gel tested. Besides, when demineralized enamel specimens 
were analyzed immediately after bleaching, a significant 
remineralizing effect was observed only when calcium was 
added to bleaching agent.

Nevertheless, the results of this study may be viewed with 
caution. The protocol used for artificial caries production 
may influence the effects of subsequent demineralization 
or remineralization, as different protocols are reported 
to produce lesions with distinct surface layer, depth and 
mineral loss.21,36 Although the analysis was performed by 
repeated measures and each volunteer wore the appliance 
with samples from each group, the possibility of loss of 
enamel surface during the in situ phase was not measured 
and this fact might be another limitation of the study.  
It also should be pointed out that microhardness testing 
demands polished specimens, in which removal of the 
original superficial layer of enamel may also influence the 
demineralization process.37 

Conclusion

As a conclusion, the addition of potential remineralizing 
agents into bleaching gels should be encouraged as they 
might play an important role in maintaining the enamel 
microhardness or inducing remineralization of artificially 
demineralized bovine enamel right after bleaching pro-
cedures with 35% HP gel.  
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