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In vitro comparison of impact of different bleaching
Agents on the microhardness of Enamel
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ABSTRACT
Background: Various agents are used these days for increasing
the esthetics. One such procedure is bleaching that offers
various advantages, as it is minimal invasive and cheap option
to color the teeth and remove stain. The altered enamel after
the bleaching process shows surface demineralization and
porosities. The present study aimed to evaluate the effect of
different bleaching agents on the microhardness of enamel.
Materials and methods: A total of 100 freshly human extracted
maxillary premolar teeth were selected for the study. Teeth
with sound tooth structure were included for the study. All the
specimens were randomly divided into four groups with 25
specimens in each group depending upon the type of bleaching
agent used: Group A, artificial saliva (Control group); Group B,
35% hydrogen peroxide (HP); Group C, 25% HP; Group D, 10%
carbamide peroxide (CP). Knoop Hardness Number (KHN) was
calculated at 24, 48-hour, and 7-week interval.
Results: Results showed no statistical significant differences
between the microhardness of enamel of different groups
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(p < 0.005). A slight fall in the value of KHN was seen in all the
groups, except for the control group, although the results were
statistically nonsignificant (p > 0.005).
Conclusion: Although nonsignificantly, all the bleaching
solutions produced some amount of alterations in the
microstructure of enamel. More studies with higher study groups
and more advanced estimation technologies are required to
minimize microstructure alterations and promote for better
outcome of bleaching procedures.
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INTRODUCTION
One of the most common problems with dental treatment
(brackets) is demineralization and white spots especially
when such lesions have the potential to turn into carious
lesions under poor oral hygiene conditions. Literature
quotes numerous studies that report demineralization of
enamel under such environment.1-3 One way of controlling
such lesions to occur is by increasing the enamel resistance
especially in those areas.4 Various agents are used these
days for increasing the esthetics. One such procedure is
bleaching that offers various advantages, as it is a minimal
invasive and cheap option to color the teeth and remove
stains.5 Since, ninetieth century, peroxide use for tooth
bleaching purpose has been reported, which showed that
it has the capacity to change tooth’s color.6
The altered enamel after the bleaching process, when
observed under scanning electron microscope, shows
surface demineralization, and porosities. At the same
time, studies with contrasting results have also been
quoted in the past that report negligible changes in
chemical and physical properties of the bleached enamel
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surface. As far as microhardness (MH) is concerned,
the results are very controversial in different studies
probably due to difference in methods adopted.7-10
Hydrogen peroxide (HP) decomposes into oxygen and
per hydroxyl free radical resulting in initiation of redox
reaction that causes of bleaching of the teeth.11,12 Because
of their electron-deficient state, these free radicals diffuse
into organic matrix of the pigments by penetrating the
enamel and dentin and become stable.11,13 After this, there
is transformation of unsaturated organic molecules into
smaller components and it is a very nonspecific reaction
and the bleaching agents alter the components of enamel
and dentin and structural changes occur in them.14
Effect of bleaching agents has also been studied in the
past. One of such study showed that it resulted in surface
degradation and softening of composite resin on 5-day treatment with bleaching agents. In another study by Cehreli
et al, they concluded that the effect of bleaching gels was
dependent on the materials.15,16 Therefore, we evaluated the
effect of different bleaching agents on the MH of enamel.

MATERIALS AND METHODS
A total of 100 freshly human extracted maxillary premolar
teeth were selected for the study. Teeth with sound tooth
structure were included for the study. Extracted teeth
were washed and cleaned with saline and were stored in
0.1% thymol solution at neutral pH at 5ºC. All the teeth
were sectioned at the cementoenamel junction using low
speed disk separating the specimen into crown and root.
The crowns of the specimens were further sectioned to
obtain 100 slabs that were embedded one by one in acrylic
resin cylinders. The buccal surfaces of the slabs were
grounded into flat surface with the carborundum disk
and then polished with carborundum paper. The final
made specimens were then stored in pure distilled water
until further use to avoid dehydration.
Microhardness of the specimens without solution
treatment was calculated with FM-810 (Future Tech, Japan)
and Knoop Hardness Number (KHN) was calculated
(Figs 1A to E).
All the specimens were randomly divided into four
groups with 25 specimens in each group depending upon
the type of bleaching agent used.
• Group A, artificial saliva (Control group),
• Group B, 35% HP,
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Figs 1A to E: (A) Maxillary premolar; (B) Armamentarium; (C)
Sectioned tooth at cervicoenamel junction; (D) Crown part of tooth
sectioned in rectangular slab; (E) Rectangular slab embedded in
acrylic resin cylinder; and (F) Sample subjected to Universal Testing
Machine for estimation of microhardness

• Group C, 25% HP,
• Group D, 10% carbamide peroxide (CP).
The technique of bleaching by Rodrigues et al17 was
followed on the specimens and KHN was calculated at 24,
48-hour, and 7-week interval. The bleaching agents were
mixed and used according to the instructions given by the
manufacturer. Application of approximately 1 mm coating
of the bleaching gel was done on the test group specimens.
Before the starting of the second bleaching cycle, the
specimens were cleaned with distilled water and then
dried. The artificial saliva used was composed of calcium
nitrate solution, water molecules, sodium hypophosphate
solution, potassium chloride, Tris(hydroxymethyl)aminomethane, and fluoride solution.18
All these results were calculated with Statistical
Package for the Social Sciences (SPSS) software. One-way
analysis of variance (ANOVA) was used to assess the
level of significance and p-value of less than 0.05 was
considered as significant.

RESULTS
Our results showed no statistical significant differences
between the MH of enamel of different groups (p < 0.05)
(Table 1). A slight fall in the value of KHN was seen in
all the groups, except for the control group, although the
results were statistically nonsignificant (p > 0.05).
After 24 hours of bleaching, the MH of all the
specimens declined significantly in all the groups,
although no significant results were seen in between the

Table 1: Knoop hardness number values of different groups at 24, 48 hours, and 7-week interval
Groups
A; Control
B; 35% HP
C; 25% HP
D; 10% CP

0 hr (untreated)
312 ± 15.25
311 ± 16.45
312 ± 14.40
313 ± 15.10

24 hours
335 ± 18.28
300 ± 12.22
305 ± 17.30
307 ± 14.18

48 hours
330 ± 12.22
308 ± 13.31
302 ± 11.25
309 ± 19.25

1 week
325 ± 16.40
310 ± 16.25
309 ± 12.22
310 ± 13.25

p-value
0.213 NS
0.322 NS
0.456 NS
0.012 NS

NS: Nonsignificant
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Graph 1: Mean KHN values of control group (A) at
24, 48 hours, and 7-week interval

Graph 2: Mean KHN values of group B containing 35% HP at
24, 48 hours, and 7-week interval

Graph 3: Mean KHN values of group C containing 25% HP at
24, 48 hours, and 7-week interval

Graph 4: Mean KHN values of group D containing 10% CP at
24, 48 hours, and 7-week interval

different test groups. However, on further evaluation at
48-hour and 1-week duration, the results were varying
with nonsignificant values (Graphs 1 to 4).

evaluation of MH after 24, 48 hours, and 1-week time.
Although alterations were seen in the study group, no
statistically significant results were seen. In the study
group containing 35% HP, the MH declined initially from
311 to 300 KHN followed by slowly increasing to value
of 310 (Table 1). Similarly, in other group containing CP,
the MH initially shows a downfall followed by a rise to
a value of 310 KNH at 7 days’ time.
These findings were in accordance with the results
obtained by different studies who noticed no enamel
alteration after bleaching solution exposure.25,26
Rodrigues et al 14 evaluated the effect of dental
bleaching on dental enamel MH after the use of bleaching
agents with and without carbopol as a thickener agent in
bovine teeth and concluded that dental bleaching with
10% CP and the treatment with 2% carbopol or carbowax
for 6 hours daily did not statistically reduce enamel MH.
Although no statistical significant results are seen in
the present study (p > 0.005), some alterations do occur in

DISCUSSION
Ever since the introduction of bleaching techniques
using HP and CP, different studies have been carried
out to assess the effect of these chemical agents on the
microstructure of the tooth component.19-21Bleaching
procedures also involve different techniques with
different composition of peroxides. These concentrations
can be as high as 35 to 37% of peroxides.22 Literature
quotes numerous studies showing adverse effects of these
agents on tooth microstructures.23,24
Hence, we evaluated the effect of various solutions
used in bleaching process on enamel microstructures.
Our study group included 100 enamel slabs that
were exposed to different bleaching agents followed by
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the microstructure of enamel after bleaching agents. Pizani
et al,19 following their study on bleaching agents with and
without calcium on enamel microstructure, showed that
in association with higher concentration of HP, calcium
may decrease the MH and structural changes on enamel.
Calcium was introduced in the bleaching system to
decrease and minimize the enamel structure alterations
and loss of minerals.27,28 Results of the study by Mondelli
et al29 on the effect of different bleaching agents on
microstructure of enamel not only shows a fall in the
initial values of hardness test but also shows a slow rise in
the hardness values posttreatment contact with saliva. In
2004, in a scanning electron microscopic study on enamel
hardness following bleaching treatment, Pinto et al30
found that the initial KHN value was similar in all the
groups, while later on, specimens submitted to all
bleaching regimens showed a decrease in KHN. From the
results, they concluded that some significant amount of
microalterations do occur in enamel following treatment
with different bleaching agents.30
The reduction in KHN following bleaching treatment
can be controlled by the action of saliva or artificial
demineralizing solutions.31 Although nonsignificant, we
also observed some variation with passage of time in the
MH of enamel.

CONCLUSION
From the study, it can be concluded that although
nonsignificantly, all the bleaching solutions produced some
amount of alterations in the microstructure of enamel.
Furthermore, these alterations consistently declined with
the passage of time. More studies with higher study groups
and more advanced estimation technologies are required
to minimize microstructure alterations and promote for
better outcome of bleaching procedures.
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