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ABSTRACT

Bleaching is a well-known esthetic dental treatment performed to lighten the tooth shade. Among different
cosmetic dental procedures, including direct and indirect tooth-colored restorations, bleaching is likely the most
conservative approach. Bleaching has been accepted well by patients and proven as a safe and effective approach.
Objective: Tooth bleaching can be conducted at home or in offices. This study was performed to compare the
enamel microhardness before bleaching and one and eight weeks after the application of different bleaching agents.
Methods: Forty human premolars were randomly divided into four groups, and their buccal surface underwent
a Vickers microhardness test before and after bleaching. Bleaching was performed with 40% hydrogen peroxide
(HP) in-office bleaching agent (n = 10), 15% HP at-home bleaching agent (n = 10), and 15% carbamide peroxide
(CP) at-home bleaching agent (n = 10) for two weeks. Ten samples were stored in artificial saliva and set as the
control group. The microhardness of the samples was measured again one and eight weeks after bleaching. Results:
The microhardness significantly decreased in the four groups one week after bleaching. Conclusion: The enamel
microhardness was temporarily decreased by in-office bleaching. However, the microhardness increased with time
and returned to the baseline value. Although the enamel microhardness initially reduced, it increased eight weeks
after 15% CP at-home bleaching agent was applied.

Key words: bleaching, carbamide peroxide, hydrogen peroxide, microhardness
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INTRODUCTION In in-office bleaching, a high concentration of
bleaching agent is used to shorten the treatment time;

Bleaching is a well-known esthetic dental treatment for conversely, in at-home bleaching, bleaching gels with

lightening the tooth shade. Among different cosmetic a low concentration are used for a longer treatment
dental procedures, including direct and indirect tooth- period, e.g., 4-8 h a day for two weeks or longer.’
colored restorations, bleaching is likely the most ~ Although at-home bleaching is the most commonly
conservative approach that has been accepted well by used technique to bleach vital teeth, some patients are
patients and proven safe and effective. 2 Bleaching ~ not interested in its daily application in a tray for a
can be performed at home, in offices, or both for vital couple of weeks and even prefer in-office bleaching,
teeth. >* which yields results faster.”® Although the optimal
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efficacy of bleaching agents has been well documented
in vital and nonvital teeth, some concerns are associated
with the extensive use of bleaching techniques and their
effects on bleached surfaces.”

Tooth whitening is defined as any process that lightens
the color of a tooth. It can be accomplished by physically
removing stains or stimulating a chemical reaction to
lighten the tooth color. The active component of most
whitening products is hydrogen peroxide (H,O,), which
may be delivered in the form of hydrogen peroxide (HP)
or carbamide peroxide (CP). CP is a stable complex
that breaks down when it comes in contact with water
to release HP. The chemical component of most tooth
whitening agents is HP because CP releases HP. They
are the most commonly used bleaching agents, whose
mechanism of action is based on their oxidation
capacity on the molecules of pigments responsible for
discoloration.®? Aside from favorable esthetic results,
unfavorable biological reactions can be triggered by
free radicals.! Some unfavorable effects, such as tooth
hypersensitivity, and structural enamel changes, such
as alteration in microhardness and roughness, have also
been reported.'”

The microhardness of the tooth structure is important
because the hardness number indicates the strength
of the tooth structure and its susceptibility to wear or
cause wear in the opposing teeth. Thus, any reduction
in hardness due to chemical reactions that may occur
after the application of bleaching agents can adversely
affect the longevity and clinical service of the teeth."
Hardness refers to the resistance of a solid hard object
against permanent deformation after the application of
compressive load, which is expressed by the hardness
number. The lower the hardness number is, the softer the
material will be. The hardness of materials is measured
by several methods, including the Rockwell scale, the
Brinell scale, the Knoop hardness test, and the Vickers
hardness test.'> The Vickers hardness test is suitable for
the small-scale measurement of the hardness of brittle
substances and dental materials.'*!*

The information about the effects of different
bleaching agents on dental hard tissue is limited. Some
observations have failed to show a significant change in
the mechanical properties of the enamel after different
concentrations of bleaching agents are applied.!* Other
studies have reported that microhardness increases after
bleaching.'®!” Furthermore, the application of different
CP or HP concentrations causes a reduction in the
enamel microhardness.'®!" A recent systematic review
concluded that at-home and in-office bleaching do not
significantly vary in terms of the risk of postoperative
tooth hypersensitivity or treatment outcome. However,
this comparison does not consider the variations in
application protocols (daily use, number of bleaching
sessions, and concentration of product).® Thus, the
present study aims to assess the enamel microhardness
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of human permanent teeth after in-office and at-home
bleaching agents are applied.

METHODS

In this in vitro experimental study, 40 sound human
premolars extracted for orthodontic treatment were
selected, stored in artificial saliva, and collected by
random allocation. They were placed in a container
and randomly selected. Four groups were prepared
with 10 randomly selected samples in each group. The
buccal surface of all the teeth was free from caries or
cracks, and the debris and gingival tissue residues were
removed. The roots were cut, and the samples were
stored in artificial saliva until the hardness test was
conducted. The teeth were longitudinally sectioned
into buccal and lingual halves by using a diamond
disc (Horico-horico-PFINGST, New Jersey, USA),
diced into small rectangular samples, and mounted
in acrylic resin such that their surface was parallel
to the ground. This procedure was conducted to
enhance the conduction of the microhardness test. The
microhardness of the samples was measured under the
light microscope of a Vickers microhardness tester
(Zwick Roell) at 40x magnification by applying 10
g of load for 15 seconds. The applied load created a
diamond-shape indentation on the enamel surface. The
two diameters of this indentation were measured, and
the mean value indicating the Vickers hardness number
was calculated. For each sample, each test was repeated
three times before bleaching, one week after bleaching,
and eight weeks after bleaching.

The ingredients of artificial saliva (pH of 7.2) were as
follows: 10 g/L. CMC (sodium salt), 0.052 g/L MgCl,,
1.2 g/L KCl, 0.146 g/L CaCl,, 0.844 g/L NaCl, 0.342
g/L (K,HPO,), and 30 g/L sorbitol. The teeth in the
four groups underwent the following interventions.
In group 1, the samples were bleached with in-office
40% HP (Opalescence Boost) for 20 min in accordance
with the manufacturer’s instructions. This procedure
was repeated thrice. In group 2, the samples were
bleached with at-home 15% HP (15% Opalescence) in
accordance with the manufacturer’s instructions. It was
applied to the samples for 15-20 min, and this procedure
was repeated for two weeks. During the time interval
between the bleaching procedures, the teeth were
stored in artificial saliva. In Group 3, the samples were
bleached with at-home 15% CP (Opalescence PF) in
accordance with the manufacturer’s instructions. It was
applied for 4-6 h daily and repeated for two weeks. In
Group 4, which served as the control group, the samples
were stored in artificial saliva without intervention. The
microhardness of the samples was measured again after
one and eight weeks.

Data were analyzed using the Shapiro—Wilk, Kruskal—
Wallis, Wilcoxon, and multiple comparison tests via
SPSS version 23 at 5% significance level.
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RESULTS

Table 1 shows the mean, standard error, median, and
interquartile range of microhardness of the samples in
the four groups before and after bleaching. Bleaching
with in-office 40% HP (P = 0.005), at-home 15% HP (P
=0.005), and at-home 15% CP (P = 0.013) significantly
decreased the enamel microhardness.

The mean (£ std. error) reduction was 60.4£11.7 in
the in-office 40% HP group, 35.4+8.3 in the at-home
15% HP, 11.7+4.6 in the at-home 15% CP, and 1.24+2.8
in the control group. The reduction in microhardness
was significantly different among the four groups (P
<0.001). In particular, the reduction in microhardness
in the in-office 40% HP group was higher than that in
the at-home 15% HP (P = 0.021) and control (P <0.001)
groups, but they did not significantly differ from that
in the at-home HP group (P = 1.00). The reduction in
microhardness in the at-home 15% HP group and the
at-homel5% CP group was not significantly different
(P = 0.306). The reduction in microhardness in the
15% HP group was significantly different from that
in the control group (P = 0.004). However, the 15%
CP group did not significantly vary from the control
group (P = 0.908). The difference in microhardness
was not significant before and after bleaching in the
control group (P = 0.355). However, this change was
significant in the other groups (P < 0.05). The baseline

microhardness of the groups before bleaching was not
significantly different (P = 0.41).

Table 2 shows the mean, standard error, median, and
interquartile range of enamel microhardness eight
weeks after bleaching compared with that at baseline
and one week after bleaching. The increase in enamel
microhardness after one week was significantly
different among the four groups (P < 0.001). In
particular, the increase in the in-office 40% HP (P <
0.001) and at-home 15% HP groups was greater than
that in the control group. However, this increase in the
control group did not significantly differ from that in
the at-home 15% CP group (P =0.171). The increase in
the enamel microhardness the in-office 40% HP group
significantly varied from that in the at-home 15% CP
group (P =0.003).

The increase in the enamel microhardness was not
significantly different from that at baseline in the
control (P = 0.5), in-office 40% HP (P = 0.799), and
at-home 15% HP (P = 0.139) groups. However, enamel
microhardness significantly changed in the at-home
15% CP group (P = 0.021).

In Table 2, the increase in microhardness in the control
group eight weeks after bleaching was not significant
compared with that one week after bleaching; however,
this increase was significant in the other groups (P <0.05).

Table 1. Mean, standard error (SE), median, and interquartile (IQR; gF/mm?) of microhardness before and after tooth bleaching

in the groups

Type of Microhardness at Baseline Microhardness after 1 week Change in microhardness after 1 P
bleaching week
agent Mean SE Median IQR Mean SE Median IQR  Mean SE Median IQR
15% HP 2783 27.1 2683 1431 2429 234 220.8 101 354 8.3 36.7 36.1  0.005
15% CP 2943 32.0 290.5 1857 2825 30.7 2825 172.1 11.7 4.6 8.2 132 0.013
40% HP  335.6 321 361 1272 2752 272 298 70.4  60.4 11.7 36.5 60.8  0.005
Control 276.8 289 262.8 181.7 275.6 29.0 261 183.2 1.2 2.8 0.7 3.2 0.355
P 0.410 0.603 <0.001

Table 2. Increase in enamel microhardness in the groups eight weeks after bleaching compared with baseline and one week

after bleaching

Increase in enamel microhardness after 8

P Increase in enamel microhardness after 8 P

Bleaching weeks compared with that at baseline weeks compared with that after 1 week
agent Mean SE? Median  IQR® Mean SE Median _ IQR®
15% HP 6.13 9.41 6.33 18.33  0.139  41.50 26.43 44.67 45.09  0.005
15% CP 5.20 6.64 3.33 8.83 0.021 16.93 13.76 15.67 14.67  0.007
40% HP 3.43 10.13 0.5- 1708  0.799  63.80 33.28 54.84 58.50  0.005
Control 0.17 14.75 2.50 16.59 0.5 1.30 16.53 2.00 21.5 0.646
P 0.646 - 0.001 > -

sStandard Error  ‘Interquartile Range
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DISCUSSION

This study assessed the enamel microhardness of
human permanent teeth before bleaching and one and
eight weeks after the application of in-office and at-
home bleaching agents. We found that the reduction in
microhardness one week after bleaching significantly
differed among the four groups (P <0.001). In-office or
at-home bleaching with HP could temporarily decrease
the enamel microhardness; however, the enamel
microhardness increased with time after the teeth
were immersed in a medium containing calcium and
phosphorous and reached the baseline state after eight
weeks. The results showed that at-home bleaching with
CP caused an increase in the enamel microhardness
eight weeks after bleaching compared with that at
baseline.

The passage of time and the presence of natural or
artificial saliva can lead to enamel remineralization
and positively affect the enamel microhardness.
These observations can be attributed to the reduction
in enamel microhardness because of changes in the
mineral composition of the tooth structure, which
can be repaired over time after it is placed in an
environment that can replace the lost minerals. This
phenomenon can increase the enamel microhardness
to the normal baseline state even after two weeks.?*?!

Similarly, Chen et al. stated that the superficial enamel
demineralizes after the application of bleaching
agents, so the microhardness decreases. However,
after 7 days, the calcium-to-phosphorous ratio and
the enamel microhardness gradually increase, and the
microhardness of the teeth before bleaching does not
differ from that 14 days after bleaching.?> Our study
showed that the enamel microhardness decreased after
the bleaching agents were applied and then increased
after 7 days. After eight weeks, the remineralization
of the tooth surface eventually resulted in the return of
microhardness to the baseline value. Remineralization
occurred and subsequently increased the microhardness
because of the presence of calcium and phosphorous in
artificial saliva; at first, the reduction in microhardness
immediately and one week after the application of all
three bleaching agents was significant.

Over time, immersing the teeth in artificial saliva
resulted in the return of microhardness to the normal
level in 40% HP and 15% HP groups. The microhardness
also increased even after eight weeks in the 15% CP
group. The difference between the change in the enamel
microhardness after the application of CP and HP could
be explained by various mechanisms of action because
CP breaks down into urea and hydrogen peroxide. Urea
has an alkaline pH and provides a suitable environment
for the further remineralization of the teeth. It also
increases the uptake of calcium and phosphorous and
enhances the surface microhardness.
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Furlan et al. stated that the composition, concentration,
and method of bleaching agent application affect
the enamel microhardness and showed that enamel
microhardness decreases over time regardless of
the presence or absence of fluoride or calcium in
a bleaching agent.?* However, they assessed the
microhardness two weeks after bleaching, so the time
for remineralization by calcium and fluoride is probably
insufficient. Attin et al. noted in their review article
a reduction in microhardness after bleaching in 51%
of the cases (n = 84), but they found no reduction in
49% (n = 82). In regular follow-ups after bleaching,
the microhardness was reduced in 29% (n = 20) but
did not decrease in 71% (n = 49). They also added that
microhardness can be affected by several parameters,
such as type of material and technique of bleaching,
human or animal study, in vitro or in vivo design,
concentration of bleaching agent, method of measuring
the microhardness, duration of bleaching, time lapse
after bleaching, storage medium of teeth, and use or
no use of fluoride. They concluded that the risk of
reduction in microhardness is lower in studies that
better simulated oral clinical settings.*

The authors explained that results can also be
influenced by the presence/absence of the control teeth,
the assessment of the buccal or lingual surface, the
type of tooth (incisor, premolar, or molar), the method
of tooth preparation, and the type of microhardness
tester. The absence of a control group can also affect
the final result because of the differences in the enamel
microhardness of the teeth. The enamel thickness
varies in different surfaces of a tooth and in different
teeth, thereby affecting the microhardness test results.
Furthermore, the accuracy of measurements and
final results can be influenced by the type of tooth
preparation and the accuracy of devices.?

We found that a high HP concentration would result in
a significantly greater degree of decrease in the enamel
microhardness after one week and a lower degree of the
subsequent increase after eight weeks. Similarly, Imani
et al. reported that a high percentage of HP results in
a higher level of reduction in physical properties such
as shear bond strength.?> Moreover, Lilaj et al. reported
that a high concentration of HP induces cytotoxicity
and suggested that a low concentration of HP is
effective and likely to cause less damaging effects on
the enamel and tested cells.?® Other studies have shown
that the application of bleaching agents decreases
enamel microhardness. The difference between their
results and ours might be due to various factors, such
as the storage of teeth in 100% humidity or their long-
term exposure to bleaching agents.?”?® Conversely,
some studies have demonstrated that the application of
bleaching agents does not increase or decrease enamel
microhardness possibly because of different factors,
such as variations in pH and composition of bleaching
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agents or artificial saliva®** for the storage of teeth.

The preparation of premolar teeth for the microhardness
test was difficult because of the need to make the buccal
surface of the teeth parallel to the ground; thus, the test
should be performed on flat surfaces, such as incisors.

CONCLUSION

The short-term application of HP (15% and 40%) and
CP would result in a significant reduction in enamel
microhardness after eight weeks of keeping the teeth
in a solution containing calcium and phosphorus.
Microhardness would increase, and this increase was
more significant in the CP group. Thus, CP could be
recommended as the preferred bleaching agent.
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