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Bleaching treatment is considered as a safe and non-
destructive treatment for the removal of tooth discolor-
ations. However, despite its widespread use, there is no
general agreement about the effect of bleaching agents on
enamel. Some researchers observed no evidence of dele-
terious effects on enamel or dentine after the longest
applications of the highest concentrations of hydrogen
peroxide that are used in tooth bleaching procedures
(35% for 30 min) (1). However, numerous in vitro
studies have reported that bleaching therapies have a
negative effect on the physical properties, marginal
integrity, enamel and dentin bond strength, and color of
restorative materials (2).
Carbamide peroxide may cause demineralization in

enamel. The Ca2+ loss derives from demineralization to
a depth of 50 lm below the enamel surface, with no
damage to deeper enamel surfaces (3). Local changes in
enamel microstructure (similar to observations in initial
caries), and a lower Ca:P ratio in bleached vs. non-
bleached enamel, were observed after treatment with
carmabide peroxide (4).
Bleaching-induced structural changes to surface ena-

mel have been reported to be proportionally more severe
with longer treatment times and higher hydrogen peroxide
concentrations (5). Potočnik et al. (4) considered that
10% carbamide peroxide probably does not cause
sufficient loss to affect the microhardness of the enamel.
Nevertheless, most authors agree that bleaching-induced
loss of mineral content from the outer tooth structure
significantly reduces enamel microhardness (6, 7).

There have been reports of a reduction in the bond
strength of adhesive restorations and resin-bonded
brackets after tooth bleaching (8, 9), with a greater
reduction occuring at higher concentrations of the
bleaching agent (10). Spectral changes in the hydroxy-
apatite structure indicated a certain degree of enamel
destruction after storage of enamel specimens in sterile
isotonic salt solution, with no tendency to spontaneous
reversibility (5). On the other hand, weakening of the
composite–resin bond on freshly bleached enamel has
been shown to be transient (9, 11, 12). Moreover, anti-
oxidant treatment and artificial saliva immersion were
shown to be effective in recovering shear bond strength
(9). Nevertheless, the most frequent recommendation is
for a minimum interval of 1–3 wk between bleaching and
bonding (2).
Many patients need conservative or esthetic treatments

that require a combination of tooth bleaching and
enamel acid etching. It has been reported that acid
etching of a bleached enamel surface produces loss of
prismatic shape and gives the surface an overetched
appearance (13).
The decalcifying power of phosphoric acid in adhesive

dentistry might be affected by the decreased Ca2+ and
phosphate contents of the enamel and by the morpho-
logical changes induced by hydrogen peroxide or
hydrogen peroxide-releasing agents. The null hypothesis
of the present study was that bleaching treatment with
30% carbamide peroxide does not modify the decalci-
fying ability of phosphoric acid in enamel acid etching.
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The aim of this study was to measure the demineralization capacity of 37% phos-
phoric acid on bovine enamel at different time-points after bleaching with 30% car-
bamide peroxide. Five, 4 · 4-mm sections were obtained from the enamel of 10 bovine
incisors. After applying 30% carbamide peroxide (Vivastyle) for 90 min, specimens
were stored in artificial saliva for 0, 24, 72 h, or 7 d and then immersed in 37%
phosphoric solution. At 15, 30, 60, 90, and 120 s, 5-ml aliquots were extracted. A
control group of specimens was not bleached. Ca2+ concentrations were measured by
atomic absorption spectrophotometry. A larger amount of Ca2+ was extracted from
enamel by phosphoric acid after the application of 30% carbamide peroxide. Twenty-
four hours after bleaching, significantly more Ca2+ was extracted from bleached than
from control specimens at all time-points, and this greater susceptibility to the action
of the acid persisted for at least 1 wk after bleaching.

Dr Santiago Gonz�lez L�pez, Department of
Pathology and Dental Therapeutics, Faculty of
Dentistry, University of Granada, Campus de
Cartuja, E, 18071, Granada, Spain

Telefax: +34–958–240908
E-mail: sglopez@ugr.es

Key words: 30% carbamide peroxide; decalci-
fying; enamel acid etching; phosphoric acid;
spectrophotometry

Accepted for publication September 2007

Eur J Oral Sci 2008; 116: 66–71
Printed in Singapore. All rights reserved

� 2008 The Authors.
Journal compilation � 2008 Eur J Oral Sci

European Journal of
Oral Sciences



Atomic absorption spectrophotometry was used to
evaluate the influence of 30% carbamide peroxide on the
decalcifying effects of 37% phosphoric acid immediately
after etching and at 24 h, 72 h, and 7 d thereafter.

Material and methods
Ten bovine incisors extracted from jaws supplied by an
industrial slaughterhouse were stored in distilled water
containing thymol crystals until use. The roots of all teeth
were cut off at the cemento–enamel junction using an
Accutom-50 diamond cutter (Accutom Hard Tissue
Microtome; Struers, Ballerup, Denmark). Crowns were
polished with silicon carbide paper discs on a polisher
(Exakt-Apparatebau D-2000; Vertriebs GMBH, Norder-
stedt, Germany) to obtain a flat vestibular surface, and each
crown was then cut into five equally-sized 4 · 4 mm sec-
tions (sample specimens) using a preprogrammed Accutom
50 microtome (Struers). After polishing the inner surface to
remove the dentin, sample specimens were weighed on a
Sartorius BL6OS precision balance (accuracy of ± 0.1 mg;
Sartorius, Mugió, Italy). Maximum weight equality among
specimens was achieved by reducing weight, when neces-
sary, with silicon carbide paper discs of 600 grit (WS 18-B;
Struers), always removing from the inner surface of the
section to avoid modifying its geometry. By this means, each
crown yielded five sections with the same calcification,
geometry, and weight. An Olympus stereoscopic microscope
(Olympus Optical España, Barcelona, Spain) was used to
verify that all exposed surfaces were enamel.
One sample specimen from each crown was assigned to

each of five groups: group 1, no bleaching agent (control
group); and groups 2, 3, 4, and 5, bleached with 30% car-
bamide peroxide for 90 min. Groups 3–5 were stored in
artificial saliva for 24 h, 72 h, or 7 d, respectively.
Specimens were immersed in 30% carbamide peroxide

(30% Vivastyle) (JL-1014 Exp05-2008) for 90 min, changing
all of the gel every 30 min as per the manufacturer�s
instructions. Specimens were abundantly washed with
water, dried with absorbent paper and kept in artificial
saliva (Table 1) within an oven at 37ºC for the specified
time-period (24 h, 72 h or 7 d). Group 2 specimens were not
kept in artificial saliva and were immersed in 37% phos-
phoric acid solution immediately after bleaching. The 37%
phosphoric acid solution was prepared by dissolving 311 ml
of 85% orthophosphoric acid (Scharlan Cemise SA, Bar-
celona, Spain) at a concentration of 1.71 g ml)1 in 689 ml of
distilled water to obtain 1,000 ml of 37% acid solution with
a pH of 0.14, measured by means of a Micro pH 2000 pH
meter (Crisol, Alella, Spain).

A blank 30 ml sample of phosphoric acid solution was
first prepared to determine the Ca2+ levels in the absence of
specimen. All control and experimental specimens under-
went the same experimental procedure [i.e. immersion in the
acid phosphoric solution and constant agitation using a
magnetic multi-stirrer (A-09 series C, SBS; Barcelona,
Spain] to homogenize the Ca2+ extracted into the solution.
At 15, 30, 60, 90, and 120 s, 5 ml aliquots were extracted
using a calibrated micropipette that was replaced after each
extraction. These extracts were placed in hermetically sealed
and labeled glass tubes. By this means, five extracts were
obtained for each specimen.
The Ca2+ concentration in solutions was determined by

atomic absorption spectrophotometry (Perkin Elmer mod.
5100ZL, Perkin Elmer, Norwalk, CT, USA) using the flame
technique (14). Extract readings were expressed in p.p.m.
and subsequently transformed into mg of Ca2+ lost per g by
applying the following formula, as described previously
(14):

mg Ca2þ ¼ ½ðp.p.m. Ca2þÞ � 10�3l=ml � V�=W:

V ¼ volume; W ¼ weight.

Statistical analysis

A three-way analysis of variance (anova) was used to
explore the relationships among bleaching treatment, acid
exposure, and extracted calcium, followed by a two-way
anova and post-hoc Tukey�s test. A P-value of < 0.05 was
considered to represent statistical significance.

Results

Table 2 shows the cumulative amounts of Ca2+ ex-
tracted after subtracting the amount of Ca2+ in the study
solution without specimen (blank = 0.38 p.p.m.). The
three-way anova (bleaching, acid exposure time, and
sample) showed significance for differences among
experimental groups (F = 6.36, P < 0.001) and acid
exposure times (F = 60.58, P < 0.001).
Because the interactions were significant, the behavior

with each treatment was studied as a function of the
etching time. Using the same procedure, it was also
observed that the amount of Ca2+ extracted for each
acid application time varied among experimental groups,
but the differences were not significant.
Enamel specimens bleached with 30% carbamide

peroxide lost more Ca2+ during etching with 37%
phosphoric acid compared with non-bleached specimens
for all etching time-periods studied (Fig. 1). The amount
of Ca2+ extracted from bleached specimens increased
with longer etching time. The highest rate of Ca2+

extraction was observed during the first 30 s. Ca2+ was
extracted at a constant rate during subsequent 30 s
periods. The amount of Ca2+ extracted differed signifi-
cantly among all etching time-periods studied.
Observation of the behavior of each experimental

group in relation to the length of their exposure to 37%
phosphoric acid showed similar demineralization kinetics
between control and bleached groups. In the control
group, significant differences were observed between

Table 1

Artificial saliva formula used in the study

Composition Amount

Calcium chloride 0.21 g
Potassium chloride 4.8 g
Sodium chloride 3.4 g
Magnesium chloride 0.27 g
Potassium phosphate 1.32 g
Sodium benzoate 1 g
Sodium carboxymethylcellulose 25 g
Sorbitol 120 g
Distilled water 4,850 ml
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exposure for 15 and for ‡ 60 s. After 60 s, a similar
increase in extracted Ca2+ was observed for each time-
period.
Analyses were conducted of the etching time required

for significant differences to be found in the amount of
Ca2+ extracted between bleached and non-bleached
specimens (Table 3). The group etched immediately after
bleaching showed a greater susceptibility to a 90 s etching
period, with a significantly larger amount of extracted
Ca2+ vs. unbleached specimens. In the group etched 24 h
after bleaching, the amount of extracted Ca2+ was al-
ready significantly higher vs. controls after 30 s of
immersion, and in the group etched 72 h after bleaching,
only 15 s of immersion was required for this difference to
be observed. This greater susceptibility to the action of
the acid was still evident 1 wk after bleaching.

Discussion

Although tooth bleaching is considered by some
researchers to be comparatively safe (15), microstruc-

tural changes to dental hard tissue have been observed in
numerous studies after the application of high concen-
trations of bleaching agents (16).
Published studies have supported the use of bovine

teeth as a reliable substitute for human teeth in micro-
leakage (17) and adhesion tests on enamel and dentin
(18–21), in which comparable bond strength measure-
ments were obtained using bovine or human teeth.
Observations using scanning electron microscopy (SEM)
revealed the similar morphology of bovine and human
teeth, and of their enamel, after etching with 35% H3PO4

(21). Although bovine enamel undergoes faster demin-
eralization than human enamel (22) and suffers greater
erosion and erosion-abrasion (23), it has been described
as a suitable substitute for using to evaluate enamel
demineralization (24). Bovine enamel was used in the
present study because a histologically similar group of
teeth can be more readily obtained and five equal-sized
enamel sections can be cut from a single bovine tooth,
unlike in human teeth, enhancing comparison condi-
tions.
Different techniques have been applied to assess the

effect of bleaching agents on enamel, for example micro-
hardness tests (4, 6), transversal microradiography (25),
electron probe microanalysis (4), microcomputed
tomography (3), infrared spectrophotometry (IR), and

Table 2

Description and comparison of the accumulated amount of calcium extracted in each treatment group as a function of acid exposure time

Bleaching treatment

Acid exposure time

15 s 30 s 60 s 90 s 120 s

Control 0.519 (0.309) A 0.648 (0.359) A 1.007 (0.506) B 1.360 (0.598) C 1.810 (0.751) D
B–E: 0 h 0.659 (0.297) A 0.898 (0.384) A 1.443 (0.684) B 1.977 (0.793) C 2.496 (0.907) D
B–E: 24 h 0.663 (0.365) A 0.954 (0.425) A 1.620 (0.696) B 2.166 (0.952) C 2.825 (1.269) D
B–E: 72 h 0.788 (0.439) A 1.041 (0.549) A 1.694 (0.943) B 2.220 (1.091) B 2.998 (1.515) C
B–E: 7 d 0.675 (0.303) A 1.004 (0.484) A/B 1.586 (0.781) B/C 2.138 (1.110) C 2.799 (1.370) D

Rows show the comparison among median values of calcium extracted during different exposure times in each group, and the results
are expressed as mean (standard deviation). Values with the same upper case letters belong to homogeneous groups. Values with
different upper case letters differ significantly (P < 0.05).
B–E , bleaching–etching.
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Fig. 1. Plot of mean accumulative extracted Ca2+ (mg) against
acid exposure time in experimental bleaching groups. B–E,
bleaching–etching group.

Table 3

Comparison of calcium extracted in bleaching groups as a func-
tion of acid exposure time

Bleaching treatment

Acid exposure time

15 s 30 s 60 s 90 s 120 s

Control
B–E: 0 h NS NS NS * NS
B–E: 24 h NS * ** ** **
B–E: 72 h ** ** ** ** ***
B–E: 7 d NS ** * ** **

NS, not significant.
Columns show the significance of differences in extracted cal-
cium between the bleaching–etching (B–E) treatment group and
unbleached controls for each acid exposure time.
*P < 0.05; ** £ 0.01; ***<0.001.
Mean (standard deviation) values are given in Table 2.

68 de Medeiros et al.



Fourier transform infrared spectrophotometry (FTIR)
(26). In the present study, mineral loss was quantified by
means of atomic absorption spectrophotometry, which
has been found to be useful in determining the demin-
eralization capacity of various acidic and chelant sub-
stances (14). By this method, demineralization kinetics
could be observed by Ca2+ determinations at different
time-points. Special care was taken to ensure a similar
size and weight of the specimens to ensure that the same
surface area was exposed to the acid in all cases.
Bleaching agents reduce enamel microhardness (6, 7),

and the concentration of hydrogen peroxide has a
significant influence on the reduction in microhardness
of the outer enamel (6). Rotstein et al. (27) observed
a significantly reduced calcium:phosphorus (Ca:P) ratio
in enamel and dentin after hydrogen peroxide treat-
ment. The reasons for the demineralization effects of
bleaching gel remain unclear. Many bleaching agents
incorporate acids in their formulation, and the pH and
type of acid used was found to be strongly correlated
with mineral loss and erosive effects (28). These dele-
terious effects are not evident when the pH is higher
than 5.5, which can be considered a critical cut-off
point (1).
Gels that contain bleaching agents usually have an

acidic pH, as peroxide decomposition is reduced in an
acidic medium (29). Commercially available bleaching
products include phosphoric acid, citric acid, polycar-
boxylic buffered acid, sodium chlorite in combination
with citric acid, and even EDTA (30). These additives
considerably reduce the microhardness of enamel (6),
which might explain the demineralization effect and
changes to the enamel surface. Moreover, carbamide
peroxide has an intrinsic demineralizing effect, as dem-
onstrated by McCracken et al. (31) using atomic
absorption spectrophotometry. They observed Ca2+ loss
in teeth exposed for 6 h to 10% carbamide peroxide in
1 ml of deionized water without acidic additives, al-
though the losses were small and may not have clinical
relevance.
Our results show that a greater loss of Ca2+ is pro-

duced by 37% phosphoric acid etching of enamel after
the application of bleaching treatment with 30% car-
bamide peroxide (Vivastyl). Vivastyl breaks down into a
solution of 11% hydrogen peroxide and 19% urea
(CH4N2O) and contains polycarboxylic acid with a pH
of 5.4, close to the critical pH for enamel. The higher
Ca2+ loss might be explained by changes in the chemical
composition of dental enamel caused by the bleaching
agents (26). Thus, some destruction of the hydroxyapa-
tite structure of superficial enamel was reported to occur
after the application of 10–30% hydrogen peroxide,
directly proportional to the treatment time and peroxide
concentration (5). IR, FTIR, and X-ray diffraction
observations have shown conversion of hydroxyapatite
to calcium dihydrogen phosphate on calcium monohy-
drogen phosphate, resulting in the loss of Ca2+ from the
enamel and a significant decline in calcium: phosphate
ratios (26). It has also been proposed that hydrogen
peroxide, which can form a so-called diperoxo (H4O4)
format, is capable of changing the apatite structure and

that PO4 is replaced with diperoxo ligands, forming a
new complex (5).
The effects of hydrogen peroxide bleaching on surface

and subsurface enamel are controversial. Thus, a recent
study that used confocal laser scanning microscopy
(CLSM), SEM, and Raman spectroscopy combined with
CLSM found no significant surface or subsurface ultra-
structural or chemical effects in enamel or dentin (32). By
contrast, light microscopy studies reported that bleach-
ing changed the surface and subsurface layer of enamel
(13) and reduced hardness to a depth of up to 110 lm
below the enamel surface (18). Microcomputerized
tomography (mCT) showed a demineralization effect to
a depth of 50 lm (3). The present results support the
production of enamel surface changes, as the largest
amount of Ca2+ passed to the solution in the first 30 s
and a smaller and similar increase in extracted Ca2+ was
then observed after each subsequent 30 s period. The
initial decalcification rate is higher because hydroxy-
apatite structural alterations are mainly localized in the
outer enamel and diminish in the inner enamel layers, as
reported by Efeoglu et al. (3). From a clinical stand-
point, it would be desirable to reduce the period of
exposure to the acid (usually 30 s) in order to avoid
excessive etching (33). In the present study, the surface
aprismatic enamel layer was removed in order to create a
more uniform surface for comparing the etching effect.
Pasley et al. (34) reported that the aprismatic layer was
inconsistently observed and present only in some regions
of the enamel surface after acid-etching, hampering
comparisons between bleached and unbleached etched
enamel.
No significant difference in Ca2+ loss was found

between the control group and the group etched imme-
diately after bleaching treatment. Although hydrogen
peroxide has a high capacity for diffusion and for oxi-
dation and reduction by generating free radicals (35), a
time interval is required for the structural alteration of
hydroxyapatite that produces Ca2+ loss, which are
observed after 24 h, reach a peak at 72 h, and persist even
after 7 d. The extraction rate of Ca2+ is higher with the
previous addition of a bleaching agent and increases with
the length of time interval (until 72 h) after its applica-
tion. The �overetched effect�, caused by this greater loss of
Ca2+, decreases not only the microhardness of enamel
but also its bond strength (9, 31). Furthermore, it has
been proposed that residual oxygen from the bleaching
agent inhibits resin polymerization (36, 37), producing a
significant decrease in the penetration of the adhesive
material into the enamel and a lower formation of
smaller, thinner, and less frequent tags (38).
It is widely documented that microstructural changes

in bleached enamel can be reversed by salivary compo-
nents (39, 40) or fluoride applications (5). Dynamic
interaction between saliva and enamel can potentially
replenish the lost substances because Ca2+ and phos-
phates are present in saliva (18), and a significant in-
crease in microhardness was observed after storage in
artificial saliva (6). Many artificial saliva formulae can be
found in the literature, but most do not contain all
the major ionic components at concentrations in the
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physiological range (41). The artificial saliva used in this
study contained levels of electrolytes similar to those
found in human saliva for remineralization of enamel
and its pH was neutral to prevent demineralization. It
also contained sodium carboxymethylcellulose as a
thickener and stabilizer, and sodium benzoate as an
antiseptic.
In the present study, all bleached groups, except for

group 2, were stored in artificial saliva at 37�C before
etching in order to promote remineralization of the
specimens. However, the postetching calcium losses were
not lower in saliva-stored than in non-saliva-stored
groups. The null hypothesis of our study must be re-
jected; it appears advisable not to perform any aesthetic
conservative treatment until the effects of the bleaching
agent are fully neutralized.
Within the limitations of our in vitro study, we can

conclude, from the results obtained, that previous
bleaching with 30% carbamide peroxide increases the
amount of Ca2+ extracted from enamel by etching with
phosphoric acid. The highest amount is lost at 24 h of
bleaching. This greater susceptibility to the action of the
acid persists for at least 1 wk after bleaching.
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