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ABSTRACT

Purpose: The aim of the present in vitro study was to assess the effect of bleaching agents on
eroded and sound enamel specimens.

Materials and Methods: Enamel specimens prepared from human permanent anterior teeth
were incubated with different bleaching agents containing active ingredients as 7.5 or 13.5%
hydrogen peroxide or 35% carbamide peroxide, ranging in pH from 4.9 to 10.8. The effect of
the tooth whitening agents on surface roughness was tested for sound enamel surfaces as well
as for eroded enamel specimens. To provoke erosive damage, the enamel specimens were incu-
bated for 10 hours with apple juice (pH = 3.4). Afterwards, pretreated and untreated dental
slices were incubated with one of the bleaching agents for 10 hours. The surface roughness (Ra)
of all enamel specimens (N = 80) was measured using an optical profilometric device.
A descriptive statistical analysis of the Ra values was performed.

Results: The study demonstrated that exposure to an acidic bleaching agent (pH = 4.9) resulted
in a higher surface roughness (p = 0.043) than treatment with a high peroxide concentration
(pH = 6.15). If the enamel surface was previously exposed to erosive beverages, subsequent
bleaching may enhance damage to the dental hard tissue.

Conclusion: Bleaching agents with a high concentration of peroxide or an acidic pH can influ-
ence the surface roughness of sound or eroded enamel.

CLINICAL SIGNIFICANCE
Patients with erosive defects who wish to receive a tooth bleaching treatment must be informed
about possible complications and damage to the tooth surface. However, extrapolation of in
vitro results to clinical situations is limited.

(J Esthet Restor Dent 22:391–401, 2010)

I N T R O D U C T I O N

In esthetic dentistry, tooth whit-
ening with different concentra-

tions of hydrogen peroxide (HP) is

a commonly performed technique
that can be done at home or
by means of in-office whitening
procedures.1 Growing awareness of

the patients and effective advertis-
ing in the media have supported
this trend. In all age groups,
special interest is focused on the
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visible area of the front teeth
because in this particular region all
discolorations, including those
related to aging, are considered to
be especially unattractive.

There are various causes of dental
discolorations. In addition to
carious defects, inadequate restora-
tions, loss of tooth vitality,
habitual pigmentations caused by
various food and beverage pig-
ments, exposure to certain drugs as
well as generalized or localized
hereditary mineralization disorders
can lead to stained teeth. In the
past, discolorations that could not
be removed by means of simple
prophylactic techniques were
mostly an indication for extensive
restorative therapy. As an alterna-
tive, noninvasive methods for
removing tooth discoloration, the
controlled internal or external
application of a bleaching agent,
have been further developed over
the last decades. The internal
bleaching technique is a method to
remove discolorations from nonvi-
tal teeth.2 This procedure consists
of the insertion of a bleaching
agent, a mixture of sodium perbo-
rate and water (or 3% HP), into
the trepanation cavity where it
remains for 3 to 5 days.3,4 For the
whitening of the vital teeth, exter-
nal methods using carbamide per-
oxide (CP) and HP in different
concentrations for home and
in-office bleaching are
available.1,5 For home bleaching,

concentrations of 10 to 20% CP
are recommended. The in-office
products contain higher concentra-
tions of up to 35% HP or CP. In
the dental office, the whitening
process can be affected and also
accelerated using different types of
lamps, heat, or laser beams.6

Depending on the contents, the
concentrations, and exposure time
of the agent, the effectiveness of
the treatment can differ; also, it
must be considered that there are
various side effects possible. The
radicals and a low pH value were
regarded to be the causes for
tissue damage.7 Furthermore, it
was possible to demonstrate that
higher concentrated gels led to
hypersensitivities because of slight
alterations of the enamel surface.8

When using external bleaching
techniques, low concentrations of
HP could be detected in the
pulpal tissue.9

Several in vitro studies, using HP
or CP for external bleaching on
human or bovine enamel, showed
alterations of the surface struc-
tures, for example, in microhard-
ness, fracture toughness, or surface
roughness.10–13 However, other
investigations with CP alone or in
combination with HP found no
changes.14–17 In an in vivo study,
the enamel surface roughness was
evaluated when using in-office
agents containing 38% HP or 35%
CP and found no alterations on

enamel surface roughness after
multiple applications.18

Although the majority of investiga-
tions were performed on sound
enamel, Basting and colleagues19

compared the effect of a 10% CP
bleaching agent on sound and
demineralized enamel. They found
that after bleaching, the demineral-
ized enamel specimens had statisti-
cally significant higher values for
surface roughness than sound
enamel specimens. The increasing
consumption of acidic beverages
can, according to frequency and
form of intake and to exposure
time of enamel to low pH, produce
varying extents of demineraliza-
tions on enamel surfaces.20–23

Whitening products can alter such
surfaces to a considerably higher
degree. The aim of the present in
vitro study was to assess the effect
of bleaching agents, containing
different active ingredients, on
human enamel specimens from
sound enamel surfaces as well as
from those pretreated with an
acidic beverage to produce
erosive damage.

M AT E R I A L S A N D M E T H O D S

The experimental design was
descriptive. The erosive potentials
of commercially available tooth
whitening products were studied in
an in vitro setting, using extracted
human permanent anterior teeth.
Twenty-two products were
purchased, and the pHs were
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measured. Three tooth whitening
products with different pH values
and different concentrations of the
bleaching agent were then selected
to study possible erosive effects on
enamel surfaces. Enamel samples
were obtained from intact, caries-
free human permanent teeth (pre-
molars and molars) from male and
female patients (aged 40–65 years),
which had been removed because
of periodontal disease. The patients
were informed about this study
and consented to the use of their

teeth. After extraction, the teeth
were stored in a 1% chloramine B
hydrate solution.

In total, 35 extracted teeth were
collected, visually examined, and
15 teeth with irregularities of min-
eralization or other defects were
excluded from the study. The teeth
were cleaned, any soft tissue and
debris was removed with a slurry
of pumice, and then the teeth were
stored in a 0.9% sodium chloride
solution to prevent them from

drying out. The crowns of the 20
suitable teeth were separated at the
cementoenamel junction and the
roots were discarded. The flat ves-
tibular enamel surfaces of the
dental crowns of the teeth were
polished with silicon carbide and
aluminum oxide disks (Shofu
Dental Corporation, San Marcos,
CA, USA) of decreasing particle
size to obtain a uniform enamel
surface and to eliminate already
existing slight damage of the
tooth surfaces arising from
normal wear.

Then the 20 teeth were evenly
divided into four slices (average
surface area: 16 mm2, thickness:
3–4 mm) per tooth and placed
into 12 multi-well plates (Greiner
Bio-One, Frickenhausen,
Germany). The samples (N = 80)
were washed and again stored in a
0.9% sodium chloride solution.

The pHs of 22 commercially avail-
able tooth whitening products were
determined with a device (EC-
pHTestr 20, Eutech Instruments,
Novodirect, Kehl, Germany),
equipped with an integrated micro-
electrode, resistant to oxidizing
agents and suited for pH measure-
ments in gels (Table 1). Three char-
acteristic bleaching agents were
chosen from this selection with
diverse pH values and concentra-
tions of bleaching agent for incu-
bation with enamel specimens for
10 hours to simulate a prolonged

TA B L E 1 . S E L E C T I O N O F C O M M E R C I A L LY AVA I L A B L E A G E N T S F O R

I N - O F F I C E A S W E L L A S H O M E B L E A C H I N G .

Product designation Concentration and

effective agents (%)

pH

Poladay 3 HP 5.87
Simply White 5.9 HP 4.5
Vivastyle Paint on 6 CP 7.84
Poladay 7.5 HP 5.94
Visalys 7.5 HP 10.78
Polapaint 8 CP 5.28
Poladay 9.5 HP 5.96
Illuminé home 10 HP 5.92
Polanight 10 CP 6.11
White Smile 10 CP 5.04
Platinum Daytime 10 CP 5.87
Visalys 13.5 HP 6.15
Opalescence PF 15 CP 6.53
Illuminé home 15 CP 5.75
Polanight 16 CP 6.06
White Smile 16 CP 5.05
Contrast pm plus 20 CP 6.51
Opalescence PF 20 CP 6.67
Polanight 22 CP 6.01
White Smile 22 CP 5.11
Opalescence Quick 35 CP 6.53
White Smile 35 CP 4.94

The agents in bold letters are used in this study.

HP = hydrogen peroxide; CP = carbamide peroxide.

A Z R A K E T A L

V O L U M E 2 2 , N U M B E R 6 , 2 0 1 0 393



exposure. They were two HP-
containing agents—one home
(Visalys, 7.5%, pH = 10.8, Ketten-
bach, Eschenburg, Germany), one
in-office agent (Visalys, 13.5%,
pH = 6.15, Kettenbach), and one
in-office agent containing 35%
CP (pH = 4.9, White Smile,
Birkenau, Germany).

First, the effects of the three
selected bleaching agents on sound
enamel surfaces were studied. Five
teeth were sectioned into four
slices (N = 20), and each experi-
ment was performed five times.
The samples were then either incu-
bated with physiological sodium
chloride solution (0.9% NaCl,
pH = 6.5) and served as controls
(N = 5) or they were covered with
one of the three bleaching agents
(N = 15). After 10 hours of expo-
sure at room temperature, the
specimens were washed with tap
water and dried.

In a second set of experiments, the
effects of the same three agents
were to be tested on sound enamel
surfaces and on enamel surfaces
previously exposed to an erosive
beverage (100% apple juice,
pH = 3.4, Albi, Bühlenhausen,
Germany). Fifteen teeth were sec-
tioned into four slices (N = 60),
and each experiment was per-
formed five times. Again, one
specimen per tooth served as
control (N = 15), one specimen was
incubated with 2.5 mL of apple

juice (N = 15), another with one of
the three bleaching agents (N = 15;
5 per agent), both for 10 hours;
the fourth specimen was incubated
first with 2.5 mL of apple juice for
10 hours, and after removal of the
juice, it was exposed to a bleaching
agent for another 10 hours
(N = 15; 5 per agent). After expo-
sure, the specimens were cleaned
and dried as described previously.

After the prolonged exposure of
10 hours of the enamel samples
(N = 80) to saline (controls,
N = 20), apple juice (N = 15), one
of three tooth whitening products
(N = 30; 10 per product), or to
apple juice first and then one of
three tooth whitening products
(N = 15; 5 per product), the speci-
mens were cleaned and dried.

Surface roughness (Ra) of all
enamel specimens was measured
using an optical profilometric
device (PRK, Perthen, Göttingen,
Germany). In order to position the
specimens correctly for horizontal
measurements, they were embed-
ded in a dental composite material
(Venus, Heraeus Kulzer, Dormagen,
Germany), leaving an enamel
window of 10 ¥ 10 mm2. Ten mea-
surements, each of a length of
1.75 mm in randomly chosen
areas, were performed for
each specimen and evaluated
by means of the MarSurfX20
software (Mahr GmbH,
Göttingen, Germany).

Statistical analyses of the Ra (mm)
values of the enamel surfaces were
conducted using the SPSS program
(version 12, SPSS Inc., Chicago, IL,
USA). Descriptive statistics were
calculated, and values are given as
medians or shown as boxplots. A
descriptive statistical analysis of
the Ra values (nonparametrical test
for independent samples: Mann–
Whitney test; for paired samples:
Wilcoxon test; p < 0.05)
was performed.

R E S U LT S

A variety of commercially available
bleaching agents for home and
in-office bleaching techniques were
chosen for this study. The pH of a
selection of 22 bleaching agents
varied between 4.5 and an alkaline
value of 10.8. It was noteworthy
that 6 of the total 22 examined
bleaching agents showed an acidic
pH that was below the critical
value of 5.5 for enamel surfaces.
The concentrations of the chemical
substances most commonly con-
tained in the bleaching agents
ranged from 3 to 13.5% HP and
from 6 to 35% CP (Table 1).

To study the effect of selected
tooth whitening products on the
micromorphology of sound and
eroded dental enamel specimens,
three bleaching agents with differ-
ent pH values and peroxide con-
centrations were chosen (Visalys,
7.5% HP, pH = 10.8; Visalys,
13.5%, HP, pH = 6.15; White

B L E A C H I N G A G E N T I N F L U E N C E O N S U R FA C E R O U G H N E S S

394
© 2 0 1 0 , C O P Y R I G H T T H E A U T H O R S
J O U R N A L C O M P I L AT I O N © 2 0 1 0 , W I L E Y P E R I O D I C A L S , I N C .



Smile, 35% CP, pH = 4.9). Enamel
specimens, prepared exclusively
from human permanent anterior
teeth, were used in this study,
because these teeth constitute the
main target group for whitening
procedures. After the exposure of
the enamel specimens to the three
whitening products, different
values for the mean surface rough-
ness were found. The control speci-
men showed the lowest surface
roughness, with a median Ra of
1.57 mm; the treatment with the
bleaching agent containing 7.5%
HP led to an Ra value of 1.71 mm;
the bleaching product with 13.5%
HP caused a median value of
1.96 mm; and the whitening agent
with 35% CP caused a median
value of 2.57 mm. However, the
comparison of the values obtained
for Ra did not yield statistically
significant differences when

compared with the controls. Only
the difference in values of Ra

obtained after treatment with the
acidic product containing 35% CP
or with the one containing 13.5%
HP was statistically significant
(p = 0.043) (Figure 1).

To simulate erosive damage, the
enamel specimens were first incu-
bated for 10 hours in an acidic
fruit juice (apple juice, pH = 3.4),
then rinsed thoroughly with physi-
ological sodium chloride solution,
and afterwards they were exposed
to the bleaching agents. The expo-
sure of a sound enamel surface to
one of the three bleaching agents
caused in all cases a slight, but not
statistically significant, increase in
surface roughness when compared
with the controls. Treating the
specimens with an acidic apple
juice produced a change in the

microstructure of the individual
teeth that was not uniformly
reflected in a higher surface rough-
ness. When the dental enamel sur-
faces were treated with a bleaching
agent after exposure to an erosive
beverage, no additional effect on
roughness was observed with the
products containing 7.5% HP or
35% CP. However, the treatment
of a demineralized surface with the
bleaching agent with the highest
concentration (13.5%) of HP
caused a considerable and statisti-
cally significant (p = 0.043)
increase in surface roughness
(median: 5.3 mm).

Figure 2 shows (as boxplots) the
values for the surface roughness Ra

of the controls and the specimens
treated with a bleaching agent
(Visalys, 13.5% HP, pH = 6.15),
exposed to an acidic beverage and
to the combination of acidic bever-
age first and then the whitening
product. The most homogeneous
results (median: 2.0 mm; range:
1.95–2.4 mm) were obtained
for the treatment with an acidic
beverage, which suggests a
rather uniform loss of hard
dental material.

D I S C U S S I O N

For this in vitro study, enamel
specimens were prepared exclu-
sively from sound human anterior
teeth and polished to obtain uni-
formly smooth, flat surfaces for the
profilometric analysis. The decision

Figure 1. Median values for the surface roughness (Ra mm)
of sound human dental enamel (N = 20), untreated (control,
N = 5) or treated with Visalys 7.5% (HP, pH = 10.8;
N = 5), Visalys 13.5% (HP, pH = 6.15; N = 5), or White
Smile 35% (CP, pH = 4.9; N = 5). CP = carbamide
peroxide; HP = hydrogen peroxide.
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to select only anterior teeth was
made because, for esthetic reasons,
these teeth are preferentially
treated with bleaching agents. The
superficial layer of enamel had
to be removed because it is most
affected by chemical processes
taking place in the oral cavity after
eruption.22 However, the mean
surface roughness (Ra) of the
control specimens still showed
considerable variability and its
range (0.5–14.5 mm) corresponds
to the data reported by Hosoya
and colleagues.24 Therefore, in
order to allow for a comparison
between the different treatments,
for each experiment a dental slab

was sectioned into four parts of
equal size, to serve as control or
experimental specimens.

Agents used for vital tooth bleach-
ing contain (as active ingredient)
either HP or CP, from which HP
and urea are produced when dis-
solved in water. The pH from a
selection of commercially available
products showed a range of 4.5 to
10.8, which was similar to the
values for various tooth whitening
products (3.67–11.13) reported by
Price and colleagues.25 Three prod-
ucts were chosen for the present
study according to different con-
centrations of active ingredient and

to pH (acidic, almost neutral, or
basic). Because bleaching agents
are normally in direct contact with
the enamel especially when applied
by means of a custom tray, and
only a single treatment took place,
saliva was not included in the
experimental setup. A bleaching
time of 10 hours was chosen,
similar to the setup in the in vitro
study by Seghi and Denry,26 as
exposure time, especially for the
products for home bleaching, are
usually several hours or they are
even worn over night. Long
bleaching treatment times (e.g.,
1 hour per day for 21 days for a
product containing 7.5% HP) were
also chosen by Faraoni-Romano
and colleagues27 for their study on
the effect of bleaching agents on
dental microhardness and surface
roughness. Mielczarek and col-
leagues28 found that long-term
treatments with bleaching agents
containing concentrations of HP
comparable to the materials in
the present study showed no sig-
nificant effect on the enamel
surface microhardness and rough-
ness. However, it has to be noted
that in the study by Mielczarek
and colleagues,28 a fluoride denti-
frice was administered to the
enamel specimens before and after
the bleaching procedures. This
treatment might influence and
modify the composition and struc-
ture of the enamel surface and
diminish the possible effects of
bleaching agents.

control Visalys 13.5% apple juice apple juice +
Visalys 13.5% 
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Figure 2. Surface roughness (Ra mm) of human dental
enamel (N = 20), untreated (control, N = 5), treated with
Visalys 13.5% (hydrogen peroxide, pH = 6.15; N = 5),
with apple juice (pH = 3.4; N = 5), or with apple juice and
then with Visalys 13.5% (N = 5).
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The treatment of sound enamel
with bleaching agents, containing
7.5 or 13.5% HP or 35% CP, led
only to a slight increase in mean
surface roughness. This is con-
firmed by Pinto and colleagues,13

who reported that in vitro treat-
ment with agents containing 7.5%
HP or 35% CP caused only a mild
intraprismatic dissolution, as was
observed by scanning electron
microscopy. This was reflected in a
slight increase in surface rough-
ness, and their Ra values were also
not statistically significantly higher
than those of the control group.
Cadenaro and colleagues18 reported
in their in situ study that, after
bleaching with a 35% CP product,
the surface roughness of the
enamel was not altered at all. This
could be because of the fact that
the product they employed had an
almost neutral pH of 6.5, whereas
the one used in the present study
was more acidic (pH = 4.9). It has
been reported that bleaching agents
with a low pH value can cause
a softening of the dental
hard tissue.29

However, both Pinto and col-
leagues13 and Maia and col-
leagues,30 in an in situ study using
a product with 7.5% HP, found a
decrease in enamel microhardness
after bleaching treatments. Santini
and colleagues31 studied the effect
of a 10% CP bleaching agent on
enamel at a molecular level using
Raman spectroscopy and observed

a decrease in the concentration of
the phosphate group representing
the mineral phase of enamel. It has
been shown that, when compared
with calcium/phosphorus analyses,
profilometric analyses underesti-
mated the loss of minerals from
dental enamel32,33 because subsur-
face loss of softened layers cannot
be detected with this technique.

Although the susceptibility of
bleached enamel to acid erosion
has been studied,29,34 little is
known about the effect that tooth
whitening might have on enamel
with erosive lesions.

The effect of noncarbonated, fruit
juice containing soft drinks or of
fruit juices on sound human
enamel specimens was studied in
vitro.22,35 In the present study, some
enamel specimens were incubated
for 10 hours with an apple juice
with a low pH of 3.4 and high
total acid content to simulate
regular exposure to an acidic bev-
erage for about 6 months.36 It has
been shown by means of electron
probe microanalysis, by confocal
laser microscopy, and chemical
analysis that apple juice can cause
a loss of minerals from sound
human dental enamel that resulted
in an increase in surface rough-
ness.23 In the present study, as it
was the case with the control
specimens, there was considerable
variability in the values for the
mean surface roughness in the

specimens exposed to apple juice,
and the slight increase observed in
most cases was not statistically sig-
nificant. The effect of tooth whit-
ening agents and orange juice on
enamel microhardness and surface
topography was studied by Ren
and colleagues.37 In their study,
enamel discs were incubated with a
whitening gel with 6% HP with a
pH of 5.5 or with an orange juice
(pH 3.8) for five 20-min cycles.
The authors found a significant
increase of enamel surface area
roughness only after orange juice
incubation but not after the
bleaching procedure.

Applying as bleaching agent the
products with 7.5% HP or 35%
CP to the enamel specimens previ-
ously exposed to the acidic bever-
age had little effect on surface
roughness. Basting and col-
leagues,19 on the other hand, have
shown in an in situ study that
demineralized enamel was more
affected by a bleaching agent con-
taining 10% carbamide and that
its surface roughness increased to a
higher degree than was the case
with sound enamel. However, in
the present study, the in-office
bleaching material with the highest
concentration of HP (13.5%)
did lead to a considerable and
statistically significant increase in
surface roughness.

An additional issue to consider is
that in the study by Hosoya and
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colleagues,24 Streptococcus mutans
was capable of colonizing enamel
specimens bleached with an agent
containing 35% CP in higher
numbers than control specimens,
and that prior treatment with an
etching gel increased bacterial
adhesion. Therefore, the bleaching
of partially demineralized enamel
might make it more conducive to
colonization by cariogenic bacteria.

C O N C L U S I O N

In the present study, no effects of
the bleaching agents on the mor-
phology of sound enamel surfaces
were detected using noncontact
profilometric analysis. If the
enamel surface was previously
exposed to erosive agents, subse-
quent bleaching with 13.5% HP
enhanced damage to the dental
hard tissue. However, individual
factors like salivary composition,
dietary habits, and enamel struc-
ture of the individual teeth need to
be considered to determine the
clinical significance of these find-
ings. Nevertheless, patients with
erosive defects who wish to receive
a tooth bleaching treatment should
be informed about possible compli-
cations and potential alterations of
the enamel surface.

D I S C L O S U R E A N D

A C K N O W L E D G E M E N T S

The authors do not have any
financial interest in the companies
whose materials are included in
this article.

The authors thank Prof. M. Berres
from the Institute of Medical
Biostatistics, Epidemiology and
Informatics, Johannes Gutenberg
University Mainz, Germany for his
advice concerning the statistical
analyses of the data.

R E F E R E N C E S

1. Joiner A. The bleaching of teeth: a review
of the literature. J Dent 2006;34:412–9.

2. Faunce F. Management of discoloured
teeth. Dent Clin North Am 1983;27:657–
70.

3. van der Burgt TP, Eronat C, Plaesschaert
AJM. Staining patterns in teeth disco-
loured by endodontic sealers. J Endod
1986;12:187–91.

4. Glockner K, Hulla H, Ebelseder K,
Städler P. Five-year follow-up of internal
bleaching. Braz Dent J 1999;10:105–10.

5. Perdigão J, Baratieri LN, Arcari GM.
Contemporary trends and techniques in
tooth whitening: a review. Pract Proced
Aesthet Dent 2004;16:185–92.

6. Goldberg M, Bohin F, Claisse-Crinquette
A, et al. Tooth bleaching treatments.
A review. Medical Devices Commission,
Paris: Association Dentaire Française;
2005, pp. 1–50.

7. Friedman S, Rotstein I, Libfeld H, et al.
Incidence of external root resorption and
esthetic results in 58 bleached pulpless
teeth. Endod Dent Traumatol
1988;4:23–6.

8. Kihn PW, Barnes DM, Romberg E, Peter-
son K. A clinical evaluation of 10 percent
vs. 15 percent carbamide peroxide tooth-
whitening agents. J Am Dent Assoc
2001;131:1478–84.

9. Thitinanthapan W, Satamanont P, Vong-
savan N. In vitro penetration of the pulp
chamber by three brands of carbamide
peroxide. J Esthet Dent 1999;11:259–64.

10. Oltu Ü, Gürgan S. Effects of three con-
centrations of carbamide peroxide on the
structure of enamel. J Oral Rehabil
2000;27:332–40.

11. Leonard RH, Eagle JC, Garland GE,
et al. Nightguard vital bleaching and its
effects on enamel surface morphology.
J Esthet Restor Dent 2001;13:132–9.

12. Cavalli V, Arrais CA, Giannini M, Amb-
rosano GM. High-concentrated carbam-
ide peroxide bleaching agents effects on
enamel surface. J Oral Rehabil
2004;31:155–9.

13. Pinto CF, Oliveira R, Cavalli V, Giannini
M. Peroxide bleaching agent effects on
enamel surface microhardness, roughness
and morphology. Braz Oral Res
2004;18:306–11.

14. Gultz J, Kaim J, Scherer W, Gupta H.
Two in-office bleaching systems: a scan-
ning electron microscope study. Compend
Contin Educ Dent 1999;20:965–8.

15. Worschech CC, Rodrigues JA, Martins
LR, Ambrosano GM. In vitro evaluation
of human dental enamel surface rough-
ness bleached with 35% carbamide
peroxide and submitted to abrasive denti-
frice brushing. Pesqui Odontol Bras
2003;17:342–8.

16. Cobankara FK, Unlü N, Altinöz HC,
Füsun O. Effect of home bleaching agents
on the roughness and surface morphology
of human enamel and dentine. Int Dent J
2004;54:211–8.

17. Nucci C, Marchionni S, Piana G, et al.
Morphological evaluation of enamel
surface after application of two “home”
whitening products. Oral Health Prev
Dent 2004;2:221–9.

18. Cadenaro M, Breschi L, Nucci C, et al.
Effect of two in-office whitening agents
on the enamel surface in vivo: a morpho-
logical and non-contact profilometric
study. Oper Dent 2008;33:127–34.

19. Basting RT, Rodrigues AL, Serra MC.
Micromorphology and surface roughness
of sound and demineralized enamel and
dentin bleached with a 10% carbamide
peroxide bleaching agent. Am J Dent
2007;20:97–102.

20. Millward A, Shaw L, Harrington E,
Smith AJ. Continuous monitoring of sali-
vary flow rate and pH at the surface of
the dentition following consumption of
acidic beverages. Caries Res
1997;31:44–9.

B L E A C H I N G A G E N T I N F L U E N C E O N S U R FA C E R O U G H N E S S

398
© 2 0 1 0 , C O P Y R I G H T T H E A U T H O R S
J O U R N A L C O M P I L AT I O N © 2 0 1 0 , W I L E Y P E R I O D I C A L S , I N C .



21. Edwards M, Ashwood RA, Littlewood
SJ, et al. A videofluoroscopic comparison
of straw and cup drinking: the potential
influence on dental erosion. Br Dent J
1998;185:244–9.

22. Hemingway CA, Parker DM, Addy M,
Barbour ME. Erosion of enamel by non-
carbonated soft drinks with and without
toothbrushing abrasion. Br Dent J
2006;201:447–50.

23. Willershausen B, Callaway A, Azrak B,
Duschner H. Influence of apple juice on
human enamel surfaces of the first and
second dentition—an in vitro study. Eur J
Med Res 2008;13:349–54.

24. Hosoya N, Honda K, Iino F, Arai T.
Changes in enamel surface roughness and
adhesion of Streptococcus mutans to
enamel after vital bleaching. J Dent
2003;31:543–8.

25. Price RB, Sedarous M, Hiltz GS. The pH
of tooth-whitening products. J Can Dent
Assoc 2000;66:421–6.

26. Seghi RR, Denry I. Effects of external
bleaching on indentation and abrasion
characteristics of human enamel in vitro.
J Dent Res 1992;71:1340–4.

27. Faraoni-Romano JJ, Goncalves da Sil-
veira A, Turssi CP, Serra MC. Bleaching
agents with varying concentrations of
carbamide and/or hydrogen peroxides:

effects on dental microhardness and
roughness. J Esthet Restor Dent
2008;20:395–404.

28. Mielczarek A, Klukowska M, Ganowicz
M, et al. The effect of strip, tray and
office bleaching systems on enamel sur-
faces in vitro. Dent Mater 2008;24:1495–
500.

29. Shannon H, Spencer P, Gross K, Tira D.
Characterization of enamel exposed to
10% carbamide peroxide bleaching
agents. Quintessence Int 1993;24:39–44.

30. Maia E, Baratieri LN, Caldeira de
Andrada MA, et al. The influence of two
home-applied bleaching agents on enamel
microhardness: an in situ study. J Dent
2008;36:2–7.

31. Santini A, Pulham CR, Rajab A, Ibbetson
R. The effect of a 10% carbamide perox-
ide bleaching agent on the phosphate
concentration of tooth enamel assessed
by Raman spectroscopy. Dent Traumatol
2008;24:220–3.

32. Ganss C, Lussi A, Klimek J. Comparison
of calcium/phosphorus analysis, longitu-
dinal microradiography and profilometry
for the quantitative assessment of erosive
demineralisation. Caries Res
2005;39:178–84.

33. Jager DH, Vieira AM, Ruben JL,
Huysmans MC. Influence of beverage
composition on the results of erosive

potential measurement by different mea-
surement techniques. Caries Res
2008;42:98–104.

34. Pretty IA, Edgar WM, Higham SM. The
effect of bleaching on enamel susceptibil-
ity to acid erosion and demineralisation.
Br Dent J 2005;198:285–90.

35. Willershausen B, Schulz-Dobrick B. In
vitro study on dental erosion provoked
by various beverages using electron probe
microanalysis. Eur J Med Res
2004;9:432–8.

36. von Fraunhofer JA, Rogers MM. Dissolu-
tion of dental enamel in soft drinks.
Gen Dent 2004;52:308–12.

37. Ren Y-F, Amin A, Malmstrom H. Effects
of tooth whitening and orange juice on
surface properties of dental enamel.
J Dent 2009;37:424–31.

Reprint requests: Brita Willershausen,
PROF. Dr. MED. DENT., DIPL. CHEM.,
Department of Operative Dentistry,
University Medical Center of the Johannes
Gutenberg University Mainz, Augustusplatz
2, D-55131 Mainz, Germany; Tel.:
49-6131-177246; Fax: 49-6131-173406;
email: willersh@uni-mainz.de

This article is accompanied by commentary,
“Influence of Bleaching Agents on Surface
Roughness of Sound or Eroded Dental
Enamel Specimens,” Amara Abreu, DDS,
MSD, DOI 10.1111/j.1708-
8240.2010.00373.x.

A Z R A K E T A L

V O L U M E 2 2 , N U M B E R 6 , 2 0 1 0 399



Copyright of Journal of Esthetic & Restorative Dentistry is the property of Wiley-Blackwell and its content may

not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written

permission. However, users may print, download, or email articles for individual use.


