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Researchers have conducted
in vitro studies of dental
bleaching to evaluate the
effect of different concentra-

tions, protocols and agents on the
microhardness,1-11 mineral content,5

micromorphology3,8 and surface
roughness3,9 of bleached dental
enamel. Although in vitro models are
able to predict the behavior of
bleaching agents on dental surfaces
by the use of artificial saliva under
highly controlled conditions, they are
not able to simulate the complex
process that occurs in the oral envi-
ronment, including the presence of
human saliva and its dynamic effect
on tooth demineralization and
remineralization.10 Thus, some inves-
tigators11-17 have proposed in situ
evaluations of the effects of bleaching
agents on enamel and dentin struc-
ture that simulate intraoral condi-
tions in a more realistic way.

In an attempt to confirm the
results from the in vitro and in situ
studies in the literature, investiga-
tors have conducted clinical studies
to evaluate the effects of bleaching
agents on enamel surface roughness
by means of a profilometer analysis
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AB ST RACT
Background. Because the effects of dental
bleaching on enamel needs to be clarified in
vivo, the authors conducted a study to deter-
mine calcium and phosphorus concentrations in
enamel after the application of different bleaching
treatments.
Methods. The authors applied four agents (10 percent and 20
percent carbamide peroxide [both recommended for home use], 38
percent and 35 percent hydrogen peroxide [both applied in the
dental office]) to the enamel of 80 participants, who were divided
into four groups of 20. The authors collected enamel microbiopsy
specimens from incisors before (baseline), during (seven, 14 and 21
days) and after (seven and 14 days) the bleaching treatments. They
analyzed calcium and phosphorus concentrations by using a
spectrophotometer.
Results. The authors analyzed data by using the Friedman test
and the Kruskal-Wallis test, followed by the Dunn test (α = .05).
There were no statistical differences between the evaluation
results, regardless of which bleaching gel was used, for determining
the concentration of either calcium or phosphorus.
Conclusions. Home-use and in-office bleaching gels did not alter
the concentrations of calcium and phosphorus concentrations on the
enamel surface in vivo.
Clinical Implications. In vivo, different dental bleaching tech-
niques did not alter the inorganic composition of enamel.
Key Words. Tooth bleaching; clinical protocols; enamel; dental
materials; research.
JADA 2012;143(6):580-586.
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of enamel replicas,9,18

an analysis of enamel
replicas by means of
scanning electron
microscopy19-21 or by
measurement of the
enamel microhard-
ness in bleached teeth
extracted for ortho-
dontic reasons.22 How-
ever, to our knowl-
edge, no researcher
has yet described the
in vivo quantification
of calcium and phos-
phorus content in
enamel before, during
and after bleaching
with the home-use
and in-office agents.

Brudevold and col-
leagues23 proposed a
methodology for col-
lecting samples from
enamel without
causing any injuries
to the dental struc-
ture, a procedure called “enamel microbiopsy.”
Recently, this methodology was used to detect
the presence of lead content in the primary
tooth enamel of preschool-aged children.24,25

These microbiopsies could be helpful when
determining the effects of dental bleaching on
the mineral content of enamel in a clinical situ-
ation, in which the teeth are constantly sub-
mitted to the remineralizing-demineralizing
influence of human saliva.

Thus, in our study we aimed to determine, in
vivo, the concentration of calcium and phos-
phorus in enamel that underwent home-use and
in-office dental bleaching with agents of different
concentrations, measuring the concentrations
before, during and after the bleaching treatment.

METHODS
Experiment design. The factors we studied
were bleaching techniques and agents at four
levels: home-use carbamide peroxide 10 percent,
home-use carbamide peroxide 20 percent), in-
office hydrogen peroxide 35 percent and in-office
hydrogen peroxide 38 percent. We performed six
evaluations during three periods: before the
bleaching treatment (baseline); during the
bleaching treatment at seven, 14 and 21 days;
and after the bleaching treatment at seven and
14 days. The sample consisted of 80 participants
whom we randomly assigned to four groups of

20 each according to each bleaching technique
and agent. We obtained the response variable by
means of enamel microbiopsies, in which we
determined calcium and phosphorus concentra-
tions in milligrams per milliliter by using a
spectrophotometer. Table 1 provides descrip-
tions of the bleaching techniques and agents
used in the study.

Ethical aspects and selection of partici-
pants. After the research ethics committee of
the Dental School and São Leopoldo Mandic
Institute and Research Center, Campinas, São
Paulo, Brazil, approved the study protocol, we
enrolled 94 healthy participants from the São
Leopoldo Mandic Institute and Research Center
(18 male and 76 female, aged 18-42 years).
These participants were free of caries and perio-
dontal disease, and they each had an indication
for dental bleaching after being examined by
professors from the restorative dentistry post-
doctoral program. We required that they have
six maxillary and six mandibular anterior teeth
and that they not have restorative material cov-
ering more than one-sixth of each buccal surface.
We excluded from the study pregnant or breast-
feeding women, as well as patients with previous
dentin hypersensitivity to thermal stimulus,
tetracycline-stained teeth or both. According to
these criteria, and after they underwent a health
history collection and a clinical examination, we

TABLE 1

Agents used in the study, according to bleaching
technique.
BLEACHING
TECHNIQUE

BLEACHING
AGENT

MANUFACTURER COMPOSITION* pH LOT NO.

Home Use Opalescence
PF 10%

Ultradent Products,
South Jordan, Utah

10 percent carbamide
peroxide, 0.5 percent

potassium nitrate, 0.11
percent fluoride ion

(1,000 parts per
million)

7.1 B51JR

Opalescence
PF 20%

Ultradent Products 20 percent carbamide
peroxide, 0.5 percent

potassium nitrate, 0.11
percent fluoride ion

(1,000 ppm)

7.2 B3NVC

In Office Pola Office
With 35% HP

SDI, Bayswater,
Victoria, Australia

Liquid: 35 percent
hydrogen peroxide,

distilled water,
stabilizers; powder:
thickener, catalyst,

pigments, potassium
nitrate

2.6 083011,
082776,
082547

Opalescence
Boost

PF 38% HP

Ultradent
Products

38 percent hydrogen
peroxide, 3 percent

potassium nitrate, 1.1
percent fluoride ion

6.6 B3VFR,
B563J

* The exact percentage of these additives is proprietary.
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selected 80 participants. These participants
received detailed information about the aims
and methods of the research and signed a
written form indicating their informed consent.

For the two weeks before and throughout the
entire experimental phase, the participants
brushed their teeth with the same brand of
toothpaste (Colgate Máxima Proteção
Anticáries, Colgate-Palmolive, São Paulo) and
the same type of toothbrush (Oral B Classic,
Procter & Gamble, São Paulo).

Study protocols. Home-use bleaching
protocol. Before applying the bleaching agent,
we obtained alginate impressions (Jeltrate Algi-
nate Impression Material, Dentsply Caulk, Mil-
ford, Del.) of both arches of each participant
from which to prepare stone molds (Gesso, Rio,
Rio de Janeiro, Brazil). We made no prepara-
tions with reservoirs because we found no differ-
ence in effectiveness (as noted by Javaheri and
Janis26) or higher rates and higher intensity of
gingival inflammation (as noted by Kirsten and
colleagues27) with or without the reservoir. We
made an individual mold for each participant,
using a 0.4-millimeter-thick flexible polymer in
a vacuum plasticizer (Bio-Art Equipamentos
Odontológicos, São Carlos, São Paulo, Brazil).
Participants applied the home-use bleaching
agents (Opalescence PF 10% [Ultradent Prod-
ucts, South Jordan, Utah] or Opalescence PF
20% [Ultradent Products]) for 21 days,
according to the manufacturer’s directions.

In-office bleaching protocol. Three clini-
cians (F.L.B.A., F.M.G.F. and R.T.B.) applied a
resin dam (OpalDam Kit, Ultradent Products,
or Gingival Barrier, SDI, Bayswater, Victoria,
Australia) to isolate the gingiva from the teeth
and used a lip retractor to protect the lips.

The bleaching agent Pola Office With 35% HP
(SDI) consists of a powder and a liquid. The three
clinicians mixed these before use in the propor-
tion of one spoonful of powder to five drops of
liquid so that the mixture attained a gel consis-
tency. The bleaching agent Opalescence Boost PF
38% HP (Ultradent Products) is supplied in two
syringes containing different gels: one with liquid
hydrogen peroxide and the other with a chemical
activator. To combine the two gels, the clinicians
joined the syringes and shook them back and
forth 20 times to mix them thoroughly. After
mixing, the clinicians separated the syringes and
applied the mixture, by using one of the syringes,
in a thin layer on the buccal surfaces of the teeth
(from second premolar to second premolar). After
eight minutes, they removed the gel with gauze.
No heat or special lamps were involved in com-
pleting the process. The clinicians performed this

application protocol three times at each session.
After the last application, they washed the teeth
with distilled and deionized water and removed
the resin dam and lip retractor.

The clinicians performed the in-office
bleaching treatment protocols during one ses-
sion per week for three weeks (corresponding to
21 days of treatment).

Although the various products’ manufacturers
provided information about the pH of each of the
agents, we evaluated it ourselves by using a
fresh portion of the agents either extruded from
the syringe (for the home-use agents) or recently
mixed (for the in-office agents). We performed a
measurement in triplicate by using a pH meter
(MS Tecnopon Equipamentos Especiais, Piraci-
caba, São Paulo, Brazil) (Table 1).

Enamel microbiopsies. To determine the
concentrations of calcium and phosphorus, we
obtained a sample from the dental enamel after
each evaluation period by using a technique
called “enamel microbiopsy,” which Brudevold
and colleagues23 proposed and Gomes and col-
leagues24 modified. One of the clinicians
(F.L.B.A.) isolated the working area with cotton
rolls before performing the biopsy. She placed an
adhesive tape (3M Scotch Premium Electrical
Tape, Sumaré, São Paulo, Brazil) with a circular
perforation (diameter, 1.6 mm) firmly on the
labial surface of one of the maxillary or man-
dibular incisors to demarcate the biopsy site. She
etched the sampling site once according to the
following procedure: she applied 5 microliters of
1.6 moles per liter hydrochloric acid in 70 percent
glycerol (volume/volume) to this area for 20 sec-
onds and simultaneously agitated the drop
gently with the pipette tip. The clinician then
transferred the biopsy solution to tubes (Safe-
Lock Eppendorf Tubes, Eppendorf do Brasil, São
Paulo) already containing 200 µL of ultrapurified
water. Next, she rinsed the surface once with
5 µL of 70 percent glycerol for 10 seconds, which
she also transferred to the centrifuge tube. Last,
she removed the tape and washed the tooth with
water for 30 seconds and dried it with an air
spray to prepare it for the application of a topical
fluoride. We obtained biopsy samples at six time
points: before the bleaching treatment (baseline),
during the bleaching treatment (at seven, 14 and
21 days) and after the bleaching treatment (at
seven and 14 days).

Chemical analysis. A biologist (T.C.R.S.)
performed the chemical analyses, although she
did not perform them immediately, and to avoid
evaporation and loss of sample volume, we froze
samples until the moment of their use. At the
moment of calcium and phosphorus determina-
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tion, the biologist
defrosted and vor-
texed the samples,
using one-half of the
sample volume for
calcium analysis and
the other one-half for
phosphorus analysis.

We measured phos-
phorus according to
the methodology pro-
posed by Fiske and
Subbarow.28 We
assayed each enamel
etch sample in tripli-
cate and loaded reac-
tions in a spectropho-
tometer (ELISA,
ELx800uv, Ab-
sorbance Microplate
Reader, BioTek
Instruments,
Winooski, Vt.) plate
for reading. Reaction
mixtures consisted of
30 µL of the sample,
200 µL of ultrapuri-
fied water and 50 µL of molybdic acid solution
(ammonium molybdate at 2.5 percent
[weight/volume] in 4 normal sulfuric acid),
which we vortexed thoroughly. After 10 minutes,
we added 20 µL of reducing agent and vortexed
the mixture again. After 20 minutes, we meas-
ured absorbance at 630 nanometers. The biolo-
gist calibrated the plate reader with standards
containing known concentrations of phosphorus
(1, 2, 4 and 8 micrograms per milliliter).

We determined calcium concentrations by
means of colorimetric reagent arsenazo end point
analysis, in which arsenazo, in the presence of
calcium ions in an acidic pH environment, yields
a colored complex whose color intensity is
directly proportional to the calcium concentration
in the tested sample. Reaction mixtures con-
sisted of 10 µL of the sample and 200 µL of
Calcium-Arsenazo III reagent (K051, Bioclin,
Santa Branca, Belo Horizonte, Minas Gerais,
Brazil), which we vortexed and incubated at
370˚C for two minutes. Next, we measured
absorbance at 630 nm in a spectrophotometer.

Statistical analysis. Because the assump-
tions of the analysis of variance were not met,
the clinician conducting the statistical analysis
(F.M.G.F.) used the nonparametric Kruskal-
Wallis test for the comparison among the
bleaching agents in each evaluation, and she
used the nonparametric Friedman test for the

comparisons between the evaluations of each
bleaching agent. She performed multiple com-
parisons by using the Dunn test. The level of
significance was α = .05.

RESULTS
Of the 80 participants who began the dental
bleaching study, 15 were excluded because of
extreme tooth sensitivity or an inability to
attend all sessions of microbiopsy analyses (four
from the home-use carbamide peroxide 10 per-
cent group, five from the home-use carbamide
peroxide 20 percent group, one from the in-office
hydrogen peroxide 35 percent group and five
from the in-office hydrogen peroxide 38 percent
group). Therefore, for the calcium and phos-
phorus evaluation, we considered only the par-
ticipants for whom we had all samples from
baseline, seven, 14 and 21 days of bleaching and
seven and 14 days posttreatment.

Table 2 describes the median, minimum and
maximum values of phosphorus concentration
(mg/mL) according to the technique and
bleaching agent and the evaluation interval. We
verified that there was no statistically signifi-
cant difference in phosphorus concentrations
among the evaluation times, regardless of which
bleaching gel was used. This indicates that the
length of the bleaching time does not affect the
amount of phosphorus in dental enamel. The

TABLE 2

Phosphorus concentration of bleaching agents
in tooth enamel, according to technique
and evaluation interval.
EVALUATION
INTERVAL

BLEACHING AGENTS’ MEDIAN (MINIMUM-MAXIMUM) VALUES
OF PHOSPHORUS CONCENTRATION IN TOOTH ENAMEL

IN MILLIGRAMS PER MILLILITER, ACCORDING TO TECHNIQUE

Home Use In Office

Carbamide
peroxide 10%

(n = 16)

Carbamide
peroxide 20%

(n = 15)

Hydrogen
peroxide 35%

(n = 19)

Hydrogen
peroxide 38%

(n = 15)

Baseline 1.55Aa (0.65-8.35) 0.97Aa (0.65-6.76) 2.71Aab (0.67-3.81) 1.06Aa (0.65-3.15)

Treatment
Day 7

1.62Aa (0.65-8.26) 1.19Aa (0.65-8.35) 2.61Aab (0.65-4.77) 1.00Aa (0.68-4.34)

Treatment
Day 14

1.29Aa (0.80-8.35) 1.16ABa (0.66-5.52) 3.23Aab (0.65-4.54) 0.80Ba (0.65-2.51)

Treatment
Day 21

1.27ABa (0.65-1.66) 1.05ABa (0.65-1.62) 2.69Aab (0.65-5.06) 0.86Ba (0.65-2.13)

Posttreatment
Day 7

0.97Ba (0.65-2.01) 1.17ABa (0.81-1.99) 2.11Ab (0.67-3.59) 1.07ABa (0.65-1.96)

Posttreatment
Day 14

1.26Ba (0.65-2.15) 0.83Ba (0.65-1.59) 2.98Aa (1.13-4.62) 1.00Ba (0.65-1.81)

* Medians followed by the same superscripted letters (capital letters in the horizontal rows, lowercase
letters in the vertical columns) are not statistically significantly different (P > .05), according to the
Kruskal-Wallis test and the Friedman test, respectively.
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only difference we observed was in the phos-
phorus concentration at the day 7 and day 14
posttreatment times for the group that under-
went in-office bleaching with hydrogen peroxide
35 percent, but these values were statistically
similar to the baseline value. When comparing
the bleaching gels, we verified that at the day
14 treatment time, the enamel bleached with
hydrogen peroxide 38 percent had the lowest
phosphorus concentration compared with the
enamel bleached with the carbamide peroxide
10 percent and the hydrogen peroxide 35 per-
cent, but it had the highest phosphorus amount
at the day 14 posttreatment time. At the day 21
treatment time, we observed a lower phos-
phorus concentration in enamel bleached with
the hydrogen peroxide 38 percent than in
enamel bleached with the hydrogen peroxide
35 percent. At the day 7 posttreatment time, the
phosphorus content of the enamel bleached with
the carbamide peroxide 10 percent was lower
than that of the enamel bleached with the
hydrogen peroxide 35 percent.

Table 3 describes the median, minimum and
maximum values of calcium concentration
(mg/mL) according to technique and bleaching
agent and evaluation interval. We verified that
there was no statistically significant difference
in calcium concentration among the time points,

regardless of the
bleaching gel. This
indicated that the
evaluation times did
not interfere with the
calcium content of
bleached enamel.

Among the tested
bleaching agents, we
verified that the
group receiving the
hydrogen peroxide
38 percent bleaching
treatment had the
lowest quantities of
calcium in enamel,
quantities that were
statistically different
from those at base-
line, day 7 and day 14
treatment times and
the day 7 posttreat-
ment time in teeth
treated with the car-
bamide peroxide 10
percent bleaching,
and from those at the
day 14 and day 21

treatment times and the day 7 and day 14 post-
treatment times in teeth that underwent the
hydrogen peroxide 35 percent bleaching treat-
ment. Therefore, we were unable to compare
calcium concentration among groups during and
after the bleaching treatments because there
were differences at baseline. However, the
values in the group that received the hydrogen
peroxide 38 percent bleaching treatment were
statistically similar at all evaluation times to
those in the group that received the carbamide
peroxide 20 percent bleaching treatment.

DISCUSSION
Regarding calcium and phosphorus concentra-
tions, we verified that there were no differences
among them at the three evaluation times
(baseline, during bleaching and after bleaching)
when we analyzed each technique and bleaching
agent individually. When compared with results
of other in vivo methodologies, the results of
this study corroborate those of Metz and col-
leagues22 (who did not observe any microhard-
ness alterations in dental enamel that under-
went bleaching with a 15 percent carbamide
peroxide agent), as well as the findings from
Cadenaro and colleagues9 (who did not find mor-
phological alterations on the surface of enamel
bleached with 38 percent hydrogen peroxide and

TABLE 3

Calcium concentration of bleaching agents in tooth
enamel, according to technique and evaluation
interval.
EVALUATION
INTERVAL

BLEACHING AGENTS’ MEDIAN (MINIMUM-MAXIMUM) VALUES
OF CALCIUM CONCENTRATION IN TOOTH ENAMEL IN MILLIGRAMS

PER MILLILITER, ACCORDING TO TECHNIQUE

Home Use In Office

Carbamide
peroxide 10%

(n = 16)

Carbamide
peroxide 20%

(n = 15)

Hydrogen
peroxide 35%

(n = 19)

Hydrogen
peroxide 38%

(n = 15)

Baseline 10.63Aa

(3.47-21.42)
4.32ABa

(3.07-13.95)
7.05ABa

(1.07-13.45)
3.69Ba

(1.88-8.10)

Treatment
Day 7

9.86Aa

(4.55-25.44)
4.60ABa

(1.11-10.87)
9.95ABa

(1.35-17.48)
3.92Ba

(0.47-20.70)

Treatment
Day 14

8.21Aa

(3.45-22.32)
5.07ABa

(3.31-12.58)
10.19Aa

(2.57-18.55)
3.59Ba

(0.53-29.18)

Treatment
Day 21

4.48ABa

(1.56-34.46)
5.08ABa

(2.41-10.22)
8.63Aa

(3.18-15.84)
2.99Ba

(0.95-5.05)

Posttreatment
Day 7

5.67Aa

(2.46-42.18)
5.07ABa

(1.75-9.73)
7.52Aa

(3.26-12.63)
2.94Ba

(0.43-6.30)

Posttreatment
Day 14

5.57ABa

(0.93-9.33)
4.19ABa

(2.75-7.17)
9.12Aa

(1.73-13.97)
4.39Ba

(0.84-5.80)

* Medians followed by the same superscripted letters (capital letters in the horizontal rows, lowercase
letters in the vertical columns) are not statistically significantly different (P > .05), according to the
Kruskal-Wallis test and the Friedman test, respectively.
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35 percent carbamide peroxide gels, as ascer-
tained by means of profilometric analysis and
scanning electronic microscopy). Also, our
results confirm those of a previous in situ
study,17 in which the investigators verified that
there were no alterations in microhardness,
morphology or calcium and phosphorus mineral
content of bleached enamel in an analysis con-
ducted by means of energy-dispersive spec-
troscopy. This most likely is caused by the pro-
tective effect of saliva, which promotes dilution,
supplements calcium and phosphorus ions for
enamel remineralization, and has a buffering
capacity.

Justino and colleagues12 showed the role of
saliva in preventing the demineralizing effect of
bleaching gel, reporting that the amount of cal-
cium on the tooth was highest on the first day of
bleaching, both in vitro and in situ. However,
they found that the adverse effects of carbamide
peroxide on enamel were evident in specimens
bleached in vitro but not in specimens bleached
in situ. This condition was not confirmed in our
study, because the amount of calcium in dental
enamel was no different during bleaching and
14 days after bleaching, and it was similar to
the baseline concentration. Considering the
home-use bleaching agents, the saliva may or
may not have had a role in enamel reminerali-
zation, as participants were instructed to leave
the gel on for at least two hours per night, alter-
nating with periods of nonuse. However, with
the in-office technique, we took the microbiopsy
samples immediately after the gel application—
that is, preventing saliva from having any effect
on enamel. Despite this, values were statisti-
cally similar across all the evaluations. Our
results suggest that the length of time for which
the gel was in contact with the dental structure
(in this study, a total of 24 minutes) was not
enough to promote alterations of calcium and
phosphorus content in the enamel.

Published reports in the literature have
described the possible influence that incorpo-
rating fluoride into the bleaching agent has on
enamel remineralization. However, research
findings have verified that during in vitro dental
bleaching, fluoride from bleaching material is
not able to prevent enamel demineralization.29-31

In our study, we noted that this fluoride effect
may be possible, as mineral content was similar
before, during and after bleaching. Even though
the 35 percent hydrogen peroxide gel does not
contain fluoride, it created no verified differ-
ences in the calcium and phosphorus content of
bleached enamel. Thus, further research is
needed regarding the role of bleaching gel’s fluo-

ride content in tooth remineralization. Also, the
more acidic pH of some bleaching agents has
been associated with significant mineral loss,
according to an analysis of enamel microhard-
ness.32 In our study, even for the agent with the
lowest pH (35 percent hydrogen peroxide, with a
pH of 2.6), we observed no alterations in calcium
and phosphorus content of enamel bleached with
that agent during or 14 days after the bleaching
procedure.

When we compared the dental bleaching
techniques and gel concentrations, we verified
that during the 14-day bleaching period, the
phosphorus content of enamel bleached with the
38 percent hydrogen peroxide in-office gel was
lower than that of enamel bleached with the 35
percent hydrogen peroxide (in-office) and the 10
percent carbamide peroxide (home-use) agents.
At the day 21 evaluation, we found a signifi-
cantly lower phosphorus concentration in
enamel bleached with the 38 percent hydrogen
peroxide gel (in-office technique) than in enamel
bleached with the 35 percent hydrogen peroxide
gel (also an in-office technique). One could
hypothesize that the higher percentage of
hydrogen peroxide enhanced the product’s oxi-
dant potential and made it more deleterious.
But in our clinical study, this comparison was
difficult because each participant received only
one bleaching agent and there could be an inter-
participant variability. The same observation
applies to the data in Table 3, which show that
the calcium concentration was lower in enamel
bleached with 38 percent hydrogen peroxide,
but this difference also was evidenced at this
group’s baseline evaluation. Smidt and col-
leagues17 reported that variation in the calcium
and phosphorus concentrations may be due to
interparticipant variability. They indicated that
the variability arose because the participants
may not have followed the directions for the use
of the home-use bleaching agents strictly or
because each participant had different environ-
mental and physiological intraoral conditions.

Despite the methodology proposed in this
study for the determination of the calcium and
phosphorus concentration in enamel, it did not
detect significant differences during the course
of the bleaching treatments. We should note
that in the choice of the technique and
bleaching gel and the bleaching agent’s concen-
tration, other factors are just as important, such
as each technique’s efficacy, possible associated
sensitivity and convenience (costs and benefits,
the option of using bleaching gel at home or
having it applied in the dental office).

It also is important to emphasize that there
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were difficulties in the execution of the proposed
methodology during the determination of calcium
concentration. Alterations in the final volume of
samples were necessary to enable us to deter-
mine the calcium content by means of colori-
metric arsenazo end point analysis, because the
volume of the collected sample was lower than
the manufacturer’s recommendation. This con-
sideration, as well as the lack of evaluations done
by means of the microbiopsy technique because
of the baseline differences, made exact compari-
sons difficult and demonstrated the need for fur-
ther clinical investigations regarding calcium
content of bleached enamel.

CONCLUSION
We conclude that, within the limitations of this
clinical investigation, calcium and phosphorus
concentrations in dental enamel were not dif-
ferent before, during or after bleaching pro-
cedures with the home-use (10 percent and 20
percent carbamide peroxide) and in-office
(35 percent and 38 percent hydrogen peroxide)
agents. �
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