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Clinical Relevance

Bleaching gels with a relatively high concentration of peroxide and shorter application
time might be less harmful to enamel. A clinically significant whitening effect can be
obtained after a few bleaching treatments.

SUMMARY

Objective: This study evaluated the differences

in enamel color change, surface hardness,

elastic modulus, and surface roughness be-

tween treatments with four bleaching gels

containing carbamide peroxide (two at 10%
and one each at 35%, and 45%) and two bleach-
ing gels containing hydrogen peroxide (two at
40%).

Methods: Enamel specimens were bleached
and color changes were measured. Color
change was calculated using either DE or the
Bleaching Index (BI). Then, surface hardness,
elastic modulus, and surface roughness of the
enamel specimens were evaluated. All mea-
surements were performed at baseline and
directly after the first bleaching treatment
for all carbamide peroxide– and hydrogen
peroxide–containing bleaching gels. In addi-
tion, final measurements were made 24 hours
after each of a total of 10 bleaching treatments
for carbamide peroxide bleaching gels, and 1
week after each of a total of three bleaching
treatments for hydrogen peroxide bleaching
gels.

Results: After the last bleaching treatment,
respective DE scores were 17.6 and 8.2 for the
two 10% carbamide peroxide gels, 12.9 and 5.6
for the 45% and 35% carbamide peroxide gels,
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and 9.6 and 13.9 for the two 40% hydrogen
peroxide gels. The respective BI scores were
�2.0 and �2.0 for the two 10% carbamide
peroxide gels, �3.5 and �1.5 for the 45% and
35% carbamide peroxide gels, and�2.0 and�3.0
for the two 40% hydrogen peroxide gels. Each
bleaching gel treatment resulted in significant
whitening; however, no significant difference
was found among the gels after the last bleach-
ing. Whitening occurred within the first
bleaching treatments and did not increase
significantly during the remaining treatments.
Surface hardness significantly decreased after
the last bleaching treatment, when 10% car-
bamide peroxide was used. Furthermore, sig-
nificant changes in the elastic modulus or
surface roughness occurred only after treat-
ment with 10% carbamide peroxide.

Conclusion: All six bleaching gels effectively
bleached the enamel specimens independent of
their concentration of peroxide. Gels with low
peroxide concentration and longer contact
time negatively affected the enamel surface.

INTRODUCTION

Modern dentistry focuses not only on the treatment
of dental diseases but also deals increasingly with
the esthetic demands of patients. Whitened teeth
lead people to have a better assessment of a person’s
social competence, intellectual ability, psychological
adjustment, and relationship satisfaction.1 Remark-
ably, more than one-third of people in the United
States and about every fifth person in the United
Kingdom are dissatisfied with the color of their
teeth, which explains the widespread use of tooth
whitening products.2,3 Tooth whitening products
usually contain carbamide peroxide or hydrogen
peroxide in different concentrations, carbamide
peroxide releasing about 33% of its content as
hydrogen peroxide (the active bleaching agent).4

During ionization of hydrogen peroxide, free oxygen
ions are released and cause oxidation of discolored
organic pigments in dental hard tissues, thereby
resulting in whitening of teeth.5,6 The efficacy of
different tooth whitening products is mostly affected
by the final peroxide concentration and the contact
time of the bleaching agent with the dental hard
tissue.6

Three types of bleaching products exist, according
to the concentration of peroxide in the tooth
whitening product: over-the-counter home-use
bleaching gels with a concentration of up to 10%
carbamide peroxide, dentist-dispensed home-use

bleaching gels with a concentration of up to 20%
carbamide peroxide, and professional in-office
bleaching gels with a concentration of up to 45%
carbamide peroxide or 40% hydrogen peroxide.6,7

Home-use bleaching gels have the advantages of
being self-administered; requiring no, or only short,
chair-side time; and being cheaper than an in-office
bleaching treatment.5,8 In-office bleaching treat-
ments, on the other hand, have the advantages of
being performed under the dentist’s control, requir-
ing less total bleaching time, and avoiding soft tissue
exposure and risk of material ingestion.9,10

Efficacy of tooth whitening products can be
verified visually by a dental shade guide or quanti-
tatively by a spectrophotometer. Spectrophotometers
allow for an objective assessment of tooth color and
thus provide data that can be used in statistical
calculations. The measured colors of a given dental
shade are presented by CIELAB values according to
the Commission Internationale de l’Eclairage (Inter-
national Commission on Illumination). Color differ-
ences can be calculated using the formula DE =
[(DL)2 þ (Da)2 þ (Db)2]/2, where DL, Da, and Db are
differences in lightness (L, achromatic coordinate),
green-red coordinate (a), and blue-yellow coordinate
(b), respectively.11,12 For a tooth color change to be
clinically visible, DE has to be higher than 3.7, with
the prerequisite of a positive shift in the lightness
coordinate and a shift in the blue-yellow coordi-
nate.13,14 To facilitate communication with the
patient, a recently marketed spectrophotometer with
a simplified color index (Bleaching Index [BI]; VITA
Zahnfabrik, Bad Säckingen, Germany) has been
designed, which indicates whitening of teeth in an
easy way using decreasing numbers.

Despite the widespread success of tooth whitening
products regarding their efficacy in whitening teeth,
there is no general consensus about possible nega-
tive effects on enamel. On the contrary, it is
controversial in the literature whether bleaching
gels adversely affect enamel. Several studies using
carbamide peroxide with concentrations from 10% to
35% showed a decrease in surface hardness,15,16

demineralization of enamel,17 alterations in the
surface roughness,7,18 and even damage to the
enamel surface.19 Other studies using the same
concentrations of carbamide peroxide and hydrogen
peroxide, however, showed no impact on enamel20

with respect to microhardness,21 surface rough-
ness,5,22 or other deleterious effects on enamel.23

Discrepancies in the literature may be due to
different study designs, for example, differences in
peroxide concentrations, contact time, and tooth
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color analyses. Furthermore, most studies usually
consider single factors that could be affected by
bleaching and are mostly focused on either home-use
bleaching gels or in-office bleaching gels. The aim of
the present study was to evaluate the change in
tooth color (DE) and bleaching efficacy (using the BI)
of six home-use and in-office bleaching gels as well as
their impact on surface microhardness, elastic
modulus (EM), and surface roughness of enamel.
Furthermore, the recently introduced BI was com-
pared with the CIELAB system in order to investi-
gate its usefulness.

METHODS AND MATERIALS

Preparation of Enamel Specimens

Ninety-six extracted human incisors without caries,
erosion, cracks, cavities, or restorations were select-
ed, cleaned, and stored in 1% chloramine T trihy-
drate solution. Before the extraction, the patients
were informed about the possibility that their teeth
would be used for research purposes and consent was
obtained. Before preparation of enamel specimens,
the teeth were rinsed thoroughly under running tap
water. The crowns of the incisors were separated
from their roots using a diamond blade saw (IsoMet
Low Speed Saw, Buehler, Lake Bluff, IL, USA) and
embedded in acrylic resin as previously described.24

The embedded crowns underwent a standardized
grinding and polishing procedure on a polishing
machine (LabPol 21, Struers, Ballerup, Denmark)
with silicon carbide paper discs of grain size 18, 8,
and 5 lm (Struers) for 60 seconds each and a Struers
polishing cloth with a 3-lm diamond abrasive
(LaboPol-6, DP-Mol Polishing, DP-Stick HQ,
Struers). All grinding and polishing procedures were
carried out under water cooling with ultrasonication
for 1 minute in tap water between every grinding
and polishing step. Enamel specimens were assigned
to one of the six bleaching gels (n = 16) according to
their baseline color in order to provide identical
initial conditions in all groups. For storage before
and between experimental procedures, a mineral
solution (1.5 mmol/L CaCl2, 1.0 mmol/L KH2PO4,
and 50 mmol/L NaCl, pH = 7.0)25 was used to
simulate the oral environment.

Experimental Procedures

The carbamide peroxide–containing gels designed
for home-use bleaching that were tested in the
present study were Opalescence PF 10% and Home
Whitening 10%, and those designed for in-office
bleaching were Opalescence Quick 45% and Home
Whitening 35%. The hydrogen peroxide–containing

gels designed for in-office bleaching that were tested
in the present study were Opalescence Boost PF 40%
and Power Whitening YF 40%. The manufacturer of
the Opalescence bleaching gels was Ultradent
Products Inc. (South Jordan, UT, USA), and the
manufacturer of the Home Whitening and Power
Whitening bleaching gels was WHITEsmile (Birke-
nau, Germany). Determination of color values (DE),
bleaching efficacy (with the BI), surface hardness
(measured as the Vickers hardness number [VHN]),
EM, and surface roughness were carried out at
baseline (m_0), that is, before the bleaching treat-
ments and directly after the first bleaching treat-
ment (m_1) for all bleaching gels. Measurements
were also obtained 24 hours after each of a total of 10
bleaching treatments for carbamide peroxide–con-
taining bleaching gels (m_2–m_11), and 1 week after
each of a total of three bleaching treatments for
hydrogen peroxide–containing gels (m_2–m_4). A
flowchart of the experimental procedures is given in
Figure 1.

Bleaching Procedures

Enamel specimens were bleached according to
manufacturers’ instructions. Before bleaching treat-
ments, specimens were rinsed thoroughly with tap
water and dried with oil-free air. Enamel specimens
were covered with a 1-mm layer of the bleaching gel
according to the group: 1) for 8 hours 10 times with
Opalescence PF 10%, 2) for 4 hours 10 times with
Home Whitening 10%, 3) for 30 minutes 10 times
with Opalescence Quick PF 45%, 4) for 30 minutes
10 times with Home Whitening 35%, 5) for three
sessions of 20 minutes each, repeated three times,
with Opalescence Boost PF 40%, and finally 6) for
three sessions of 15 minutes each, repeated three
times, with Power Whitening YF 40%. After appli-
cation, the 1-mm layer of bleaching gel was evenly
distributed on the enamel surface using plastic
paraffin film (Parafilm M, Neenah, WI, USA), and
the specimens were kept at 378C and 100% humidity
for the required bleaching time. After each bleaching
treatment, the bleaching gel was removed and the
specimens were washed thoroughly with tap water
and dried with oil-free air. During the time when
specimens were not treated or measured, they were
stored in the aforementioned mineral solution.

Measurement of Color Values

Enamel specimens were evaluated with a spectro-
photometer (VITA Easyshade Advance 4.0, VITA
Zahnfabrik, Bad Säckingen, Germany) at each time
point (m_0–m_11, respectively). The spectrophotom-
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eter was always placed at the center of the enamel
specimen to ensure reproducibility. For each enamel
specimen, the spectrophotometer generated a BI
value as well as CIELAB values according to the
Commission Internationale de l’Eclairage (CIE),
where L represents the lightness in a specimen, a
represents the saturation of green and red, and b
represents the saturation of blue and yellow.11,12 DE
was then calculated using the formula DE = [(DL)2 þ
(Da)2 þ (Db)2]/2.

Measurement of Surface Hardness and Elastic
Modulus

Surface hardness (VHN) and elastic modulus (EM;
gigapascals) of the enamel specimens were measured

with a hardness indentation device at a force of 50
mN with an indentation time of 30 seconds (Fischer-
scope HM2000, Helmut Fischer GmbH, Sindelfin-
gen, Germany). Four indentations were made on
each specimen, and the mean value of the four VHN
and four EM values per specimen were then
calculated for each time point (m_0–m_11) for
statistical analysis.

Measurement of Surface Roughness

Surface roughness (the average surface roughness
[Ra; lm] and the arithmetic mean height of the
surface profile [Rz; lm]) of the enamel specimens
was profilometrically determined using a surface
roughness meter (Perthometer S2, Mahr GmbH,
Göttingen, Germany). Three measurements were
performed per specimen over a transverse length of
Lt = 1.750 mm, with a cutoff value of 0.250 mm and
a stylus speed of 0.1 mm/s. The specimen was turned
458 for each of the three measurements to ensure
that a representative area of the specimen was
investigated; this resulted in three Ra and Rz values
per specimen at each time point (m_0–m_11). Using
the three Ra and Rz values, a mean value per
specimen was calculated for each time point (m_0–
m_11) for statistical analysis.

Statistical Analysis

Power analysis and sample-size calculation were
performed at alpha = 5% and beta = 20% with a
power of 80% using NCSS PASS (Power Analysis
and Sample Size Software; NCSS, LLC. Kaysville,
UT, USA). Statistical analysis was performed using
SPSS version 21.0 (SPSS Inc, Chicago, IL, USA). The
nonparametric Mann-Whitney U test for paired
samples was used to test for differences in DE, BI,
VHN, EM, and Ra/Rz between the bleaching gels
after the last bleaching treatment only, and for each
bleaching gel after each bleaching treatment (with
Bonferroni correction for multiple comparisons).

RESULTS

Measurement of Color Values

The mean CIELAB values for lightness, saturation
of green-red and saturation of blue-yellow at base-
line and after the last bleaching treatment, as well
as color change and BI value after the last bleaching
treatment are given in Table 1. All six bleaching gels
resulted in an increase in lightness (higher L), a
reduction in yellowness (lower b), and clinically
significant changes in DE and BI. When comparing
the DE and the BI value of the six bleaching gels

Figure 1. Flowchart of the experimental procedures.

E42 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



after the last bleaching treatment, no statistically
significant differences were found between the gels
(p = 0.145 and p = 0.433, respectively).

When comparing the color changes between
baseline and every single bleaching treatment, there
was a statistically significant difference over the
bleaching procedure for each of the six bleaching
gels. Opalescence PF 10% and Home Whitening 10%
each resulted in a statistically significant increase in
DE between baseline and after each of the 10
bleaching treatments (p,0.001); however, after the
first bleaching treatment, no statistically significant
differences occurred up to the tenth bleaching
treatment. When evaluating the BI, statistically
significant whitening occurred between baseline
(m_0) and after the third bleaching treatment
(m_4; p=0.003) for Opalescence PF 10% and between
baseline (m_0) and the second bleaching treatment
(m_3; p=0.001) for Home Whitening 10%. However,
no further statistically significant whitening effect
occurred up to the tenth bleaching treatment.

Treatment with Opalescence Quick PF 45% and
Home Whitening 35% also resulted in statistically
significant increases in DE between baseline and
after each of the 10 bleaching treatments (p,0.001),
however after the first bleaching treatment, no
statistically significant differences occurred up to
the tenth bleaching treatment. When evaluating the
BI, statistically significant whitening occurred be-
tween baseline (m_0) and after the second bleaching
treatment (m_3; p,0.001) for Opalescence Quick PF
45%, and between baseline (m_0) and the fourth
bleaching treatment (m_5; p=0.001) for Home

Whitening 35%. However, no further statistically
significant whitening effect occurred up to the tenth
bleaching treatment.

Treatment with Opalescence Boost PF 40% and
Power Whitening YF 40% resulted in statistically
significant increases in DE between baseline and
after each of the three bleaching treatments
(p,0.001); however, after the first bleaching
treatment, no statistically significant differences
occurred up to the third bleaching treatment.
When evaluating the BI, statistically significant
whitening occurred between baseline (m_0) and
directly after the first bleaching treatment (m_1;
p,0.001) for Opalescence Boost PF 40%, and
between baseline (m_0) and 1 week after the first
bleaching treatment (m_2; p,0.001) for Power
Whitening YF 40%. However no further statisti-
cally significant whitening effect occurred up to
the third bleaching treatment.

To summarize, each gel resulted in a statistically
significant color change over the entire bleaching
procedure; however, no statistically significant dif-
ferences were found between the different gels after
the last bleaching treatment. Color changes occurred
within the first two to four bleaching treatments for
carbamide peroxide–containing gels and within the
first bleaching treatment for hydrogen peroxide–
containing gels. No significant improvement in
whitening of the enamel specimens occurred during
the remaining bleaching treatments. An overview of
the DE and BI values of the different bleaching gels
is given in Figures 2a and 2b, respectively.

Table 1: Mean CIELAB Values (Minimum; Maximum) According to the Commission Internationale de l’Eclairage International
Commission on Illumination for Lightness (L), Saturation of Green/Red (a), and Saturation of Blue/Yellow (b) at Baseline
and After the Last Bleaching Treatment As Well As the Color Change (DE) and the Bleaching Index (BI) During the
Whole Bleaching Procedure of Enamel Specimens Using Six Different Bleaching Gels

Baseline After the Last Bleaching Treatment DE BI

L (Lightness) a (Green-Red) b (Blue-Yellow) L (Lightness) a (Green-Red) b (Blue-Yellow)

Carbamide peroxide–
containing gel

OP 10%a 74 (67;81) –2 (�4;1) 18 (13;25) 78 (68;90) –4 (�4;1) 15 (10;22) 17.6 –2.0

HW 10%a 72 (64;87) –2 (�3;0) 20 (14;33) 75 (64;92) –2 (�4;–1) 18 (12;24) 8.2 –2.0

OP 45%b 71 (60;76) –2 (�4;4) 19 (13;28) 75 (63;83) –2 (�4;0) 16 (9;25) 12.9 –3.5

HW 35%b 71 (64;82) –2 (�3;–2) 18 (13;26) 74 (67;80) –3 (�3;–1) 17 (12;21) 5.6 –1.5

Hydrogen peroxide–
containing gel

OP Boost 40%b 74 (69;80) –3 (�3;–1) 18 (11;26) 76 (67;84) –3 (�4;–2) 14 (9;20) 9.6 –2

PW Power 40% b 76 (66;87) –2 (�4;0) 20 (12;32) 76 (66;84) –3 (�4;–2) 16 (9;29) 13.9 –3

Abbreviations: HW 10%, Home Whitening 10%; HW 35%, Home Whitening 35%; OP 10%, Opalescence PF 10%; OP 45%, Opalescence Quick 45%; OP Boost 40%,
Opalescence Boost PF 40%; PW Power 40%, Power Whitening YF 40%.
a Home-use bleaching.
b In-office bleaching.
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Measurement of Surface Hardness, EM, and

Surface Roughness

Surface microhardness, elastic modulus, and surface

roughness at baseline as well as the change in these

parameters after the last bleaching treatment are

shown in Table 2. Comparisons among the six

bleaching gels after the last bleaching treatment

showed statistically significant differences in DVHN

Figure 2. (a): Color change (DE) and (b) bleaching efficacy (according to the BI) of enamel using six different bleaching gels.

Table 2: Mean Baseline Surface Microhardness (Measured as VHN), Baseline Elastic Modulus (EM), Baseline Surface
Roughness (Ra/Rz), and Changes in Parameters After the Last Bleaching Treatment of Enamel Specimens Using Six
Different Bleaching Gels

Baseline Changes After the
Last Bleaching Treatment

VHN EM Ra/Rz DVHN DEM DRa/Rz

Carbamide peroxide–
containing gel

OP 10%a 626 98 0.002/0.120 –69 –1.8 0.001/0.026

HW 10%a 579 95 0.026/0.249 –35 þ1.9 0.000/0.000

OP 45%b 602 98 0.011/0.097 –23 –1.24 0.001/0.010

HW 35%b 614 95 0.033/0.311 –56 þ1.49 0.000/0.010

Hydrogen peroxide–
containing gel

OP Boost 40%b 540 97 0.029/0.175 þ20 –0.91 0.001/0.026

PW Power 40% b 550 95 0.015/0.172 þ44 –0.12 0.001/0.023

Abbreviations: HW 10%, Home Whitening 10%; HW 35%, Home Whitening 35%; OP 10%, Opalescence PF 10%; OP 45%, Opalescence Quick 45%; OP Boost 40%,
Opalescence Boost PF 40%; PW Power 40%, Power Whitening YF 40%. Ra, average surface roughness; Rz, arithmetic mean height of the surface profile; VHN,
Vickers hardness number
a Home-use bleaching.
b In-office bleaching
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between Opalescence PF 10% and both of the
hydrogen peroxide–containing gels (Opalescence
Boost PF 40% and Power Whitening YF 40%,
p=0.003). No statistically significant differences
were found among the six gels with respect to DEM
or DRa/Rz.

When comparing each gel over time (between
baseline and after the last bleaching treatment),
Opalescence PF 10% and Home Whitening 10%
showed a statistically significant decrease in VHN
(p,0.001 and p=0.014, respectively) whereas Power
Whitening YF 40% showed a statistically significant
increase in DVHN (p=0.024). Furthermore, treat-
ment with Opalescence PF 10% resulted in a
statistically significant increase in surface rough-
ness (p=0.041), while Home Whitening 10% resulted
in a statistically significant increase in elastic
modulus (p=0.014). All other bleaching gels showed
no statistically significant changes in DVHN, DEM,
or DRa/Rz.

DISCUSSION

The current study investigated six bleaching gels
containing different concentrations of carbamide
peroxide or hydrogen peroxide and, consequently,
different final concentrations of hydrogen peroxide.4

The bleaching gels were compared with respect to
their whitening efficacy and their influence on the
surface of enamel specimens. Because of the differ-
ent concentrations of peroxide, they also differed in
recommended application time. All enamel speci-
mens were characterized before the first bleaching
treatment and after each single bleaching treatment
with regard to color and surface changes (ie, surface
hardness, EM, and surface roughness).

The present study showed that all bleaching gels
were effective in whitening the enamel as indicated
by DE and a decrease in the BI. No statistically
significant difference in bleaching efficacy was found
among the different gels, which is consistent with
studies showing that the bleaching gels containing a
higher concentration of hydrogen peroxide need
fewer bleaching treatments to produce similar
bleaching effects.6 Nevertheless, it is interesting
that a significant change in enamel color, indepen-
dent of the bleaching gel, occurred after the first
bleaching and showed no further significant in-
crease, whereas more bleaching treatments were
generally needed to obtain a significant change in
BI. For the carbamide peroxide–containing gels
(from 10% to 40%), two to four bleaching treatments
were needed, whereas for the hydrogen peroxide–
containing gels, only one bleaching treatment was

needed to demonstrate statistically significant de-
creases in BI values.

These results indicate first that the number of
bleaching treatments can be dramatically de-
creased, which is consistent with a study by
Polydorou and others21 showing that a bleaching
time of approximately 24 minutes is sufficient to
reach a clinically significant level of bleaching.13 A
reduced number of bleaching treatments would be
beneficial for patients and dentists; treatment time
and costs would be reduced, as would the danger of
negative side effects resulting from fewer applica-
tion times.26,27 Second, our results show that the
recently introduced BI is comparable to DE in the
CIELAB system; both indicated a significant whit-
ening effect. The benefit of using the BI compared
with assessing changes in tooth color to investigate
the efficacy in whitening teeth is that the BI
distinguishes between improvements in tooth color
(negative values indicating a whitening) and a
worsening of tooth color (positive values indicating
a darkening). The DE values, however, merely
indicate a change in color and do not indicate
whether the tooth got lighter or darker. To obtain
this information, one has to analyze the single
components of DE.11,12 Furthermore, because pa-
tients are more interested in the whitening of their
teeth than in changes in the single components, BI
might be easier to use.

Another purpose of the present study was to
investigate the influence of the six bleaching gels
on the enamel surface. More specifically, we exam-
ined whether the bleaching gels had a negative effect
on surface hardness, EM, and surface roughness.
Interestingly, the bleaching gels with a relatively
high concentration of carbamide peroxide (Opales-
cence Quick PF 45%, and Home Whitening 35%,
resulting in approximately 15% and 11% hydrogen
peroxide,4 respectively) and the bleaching gels
containing 40% hydrogen peroxide (Opalescence
Boost PF 40% and Power Whitening YF 40%), which
were all used with a shorter application time, did not
show any negative effects on these enamel charac-
teristics. In fact, one of the 40% hydrogen bleaching
gels (Power Whitening YF 40%) caused a significant
increase in surface hardness, which is consistent
with the study by Polydorou and others.21 On the
other hand, the bleaching gels with the lowest
concentration of carbamide peroxide (Opalescence
PF 10% and Home Whitening 10%), resulting in a
final concentration of approximately 3% hydrogen
peroxide,4 caused a significant decrease in surface
hardness after the bleaching treatments. Further-
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more, treatment with Opalescence PF 10% resulted
in an increase in surface roughness, and treatment
with Home Whitening 10% resulted in an increase in
elastic modulus. Our results with respect to micro-
hardness partially contradict those of an in situ
study in which bleaching with different concentra-
tions of carbamide peroxide resulted in reduced
enamel hardness values, suggesting demineraliza-
tion.28 The reason why the changes in the present
study occurred in the low, but not the high,
concentration bleaching gels might be the increased
contact time of the low concentration gel. For
example, the two 3% hydrogen peroxide products
had to be applied for 40 hours or 80 hours,
respectively, whereas the 40% hydrogen peroxide
products had to be applied for 135 minutes or 180
minutes, respectively.

In the current study, the enamel specimens were
stored in a mineral solution between bleaching
treatments and measurements.25 The mineral so-
lution contained CaCl2, KH2PO4, and NaCl in order
to simulate the oral environment, and remineral-
ization could have been the reason why four of the
six bleaching gels did not exhibit decreased surface
hardness. Using the bleaching gels for longer times
might have disrupted the balance between demin-
eralization caused by the bleaching gel and remin-
eralization caused by the mineral solution to result
in decreased surface hardness. This explanation,
however, needs further investigation, taking into
account the differences between mineral solutions
and human saliva. Mineral solutions containing
CaCl2, KH2PO4, and KCl are, however, supersatu-
rated with respect to enamel, and precipitation of
mineral can occur, while human saliva contains
proteins hindering this precipitation.29 Further-
more, the interindividual differences in human
saliva and the possibility that the acquired pellicle
might have a protective effect on the enamel might
also be relevant to investigate in future studies.

CONCLUSIONS

� Bleaching gels containing carbamide peroxide from
10% up to 40% or hydrogen peroxide at 40%
effectively whitened enamel.
� A clinically significant whitening effect was ob-

tained within the first few bleaching treatments.
� The simplified BI might be useful in communica-

tions between clinician and patient.
� Use of bleaching gels with a relatively high

concentration of carbamide peroxide or hydrogen
peroxide and a shorter application time might be
less harmful to the enamel surface.
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