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Peroxide bleaching agent effects on enamel surface
microhardness, roughness and morphology

Efeitos de agentes clareadores a base de peroxidos na
microdureza, rugosidade e morfologia superficial do esmalte
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ABSTRACT: The aim of this study was to evaluate the surface roughness, microhardness and morphology of hu-
man enamel exposed to six bleaching agents (at baseline and post-treatment). Human dental enamel samples were
obtained from human third molars and randomly divided into seven groups (n = 11): control, Whiteness Perfect -
10% carbamide peroxide (10% CP), Colgate Platinum - 10% CP, Day White 2Z - 7.5% hydrogen peroxide (7.5% HP),
Whiteness Super - 37% CP, Opalescence Quick - 35% CP and Whiteness HP - 35% HP. Bleaching agents were
applied according to manufacturers’ instructions. The control group remained not treated and stored in artificial
saliva. Microhardness testing was performed with a Knoop indentor and surface roughness was analyzed with a
profilometer. Morphologic observations were carried out with scanning electron microscopy (SEM). Results were
statistically analyzed by two-way analysis of variance and Tukey’s test (5%), and revealed a significant decrease
in microhardness values and a significant increase in surface roughness post-bleaching. Changes in enamel mor-
phology after bleaching were observed under SEM. It was concluded that bleaching agents can alter the microhard-
ness, roughness and morphology of dental enamel surface.

DESCRIPTORS: Tooth bleaching; Peroxides; Dental enamel.

RESUMO: O objetivo deste estudo foi avaliar a rugosidade, microdureza e morfologia superficial do esmalte dental
humano tratado com seis agentes clareadores (antes e depois do tratamento). Amostras de esmalte dental huma-
no foram obtidas de terceiros molares e aleatoriamente distribuidas em sete grupos (n = 11): controle, Whiteness
Perfect - peroxido de carbamida a 10% (PC 10%), Colgate Platinum - PC 10%, Day White 2Z - peroxido de hidro-
génio a 7,5% (PH 7,5%), Whiteness Super - PC 37%, Opalescence Quick - PC 35% e Whiteness HP - PH 35%. Os
agentes clareadores foram aplicados de acordo com as instrucoes dos fabricantes. O grupo controle permaneceu
sem tratamento e armazenado em saliva artificial. O teste de microdureza foi realizado com o indentador Knoop, e
a rugosidade superficial foi verificada através do rugosimetro. Observacoes morfologicas foram realizadas através
de microscopia eletronica de varredura (MEV). Os resultados foram estatisticamente analisados com ANOVA (dois
fatores) e teste Tukey (5%) e revelaram uma reducao significante nos valores de microdureza e um aumento signi-
ficante da rugosidade de superficie apos o clareamento. Alteracdes na morfologia do esmalte apds o clareamento
foram observadas através de MEV. Concluiu-se que os agentes clareadores podem alterar a microdureza, rugosi-
dade e morfologia superficial do esmalte dental.

DESCRITORES: Clareamento de dente; Peroxidos; Esmalte dentario.

INTRODUCTION

Restorative Dentistry

Since the introduction of the nightguard vital
bleaching technique using 10% carbamide per-
oxide®, studies have been performed in order to
evaluate the adverse effects produced during and
after whitening procedures*®1%>1821 In this con-
ventional bleaching technique, patients wear a
customized tray containing the bleaching agent
during 5 to 8 hours a day, for 2 to 5 weeks. In an
attempt to produce whitening effects similar to

those produced by the conventional 10% carba-
mide peroxide technique and reduce the whiten-
ing treatment period and application time, other
bleaching protocols can be used.

Alternative bleaching treatments comprise
whitening products with modifications in gel com-
position or increased peroxide concentrations”1%14,
These bleaching agents include those designed for
professional use only containing high concentra-
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tions of peroxides (35 to 37%) and patient-applied
tooth whiteners with low carbamide (10 to 20%)
and hydrogen (3 to 7.5%) peroxide concentra-
tions!6:19,

Evidence demonstrates that enamel presents
structural changes when exposed to 10% carba-
mide peroxide, compromising its composition and
morphology!!1-1>1821 However, there is little in-
formation about the effects of whitening products
that present different peroxide concentrations, for-
mulations and application protocols on enamel
surface.

The purpose of this in vitro study was to evalu-
ate the effects of bleaching agents containing high
concentration of peroxides for professional use
only and materials dispensed and monitored by
dentists and used by patients at home on human
enamel surface. Knoop microhardness and surface
roughness were measured to analyze alterations
on bleached enamel surfaces. In addition, enamel
surface morphology was observed under scanning
electron microscopy (SEM). The hypothesis tested
was that different bleaching treatments affect the
enamel surface.

MATERIALS AND METHODS
Specimen preparation

Forty extracted sound human third molars,
stored in 0.1% buffered thymol solution (LabSynth,
Diadema, SP, Brazil) for no longer than four weeks
after extraction were used in this study. The teeth
were obtained after informed consent by the pa-
tients and under the protocol (106/2001) that was
analyzed and approved by the Ethical Research
Committee, School of Dentistry of Piracicaba, State
University of Campinas. The teeth were cleaned

of gross debris and placed in deionized water for
twenty-four hours before the experiment was ini-
tiated.

Roots were removed and approximately 77
enamel fragments were obtained from the crowns
with a diamond saw (Isomet 1000, Buehler Ltd.,
Lake Bluff, IL, USA) under water lubrication. Each
dental fragment (5 mm x 5 mm x 2.5 mm) was
embedded in self-curing polystyrene resin cylin-
ders (Piraglass Com. e Ind., Piracicaba, SP, Brazil)
(1.5 cm wide by 1.5 cm high). Enamel surfaces
were flattened with wet 600-, 1,000- and 1,200-
grit aluminum oxide abrasive papers (3M, Sumaré,
SP, Brazil) and polished with 6, 3, 1 and Y um-grit
diamond pastes (Arotec S.A. Ind. e Com., Cotia,
SP, Brazil) on a polishing machine (APL-4, Arotec
S.A. Ind. e Com., Cotia, SP, Brazil).

Experimental groups

Specimens were randomly divided into seven
groups (n = 11), six with different bleaching agents
and a control group. Table 1 shows the composi-
tion, manufacturer and bleaching regimen of the
whitening products used in this study.

The control group was kept in artificial sa-
liva* at 37°C for two weeks. For groups treated
with Whiteness Perfect (10% carbamide peroxide -
CP), Colgate Platinum (10% CP) and Day White
2Z (7.5% hydrogen peroxide - HP), enamel surface
was daily exposed to a mixture of 0.1 ml of the re-
spective bleaching agent with 0.05 ml of artificial
saliva*, according to each bleaching regimen. For
groups treated with Whiteness Super (37% CP),
Opalescence Quick (35% CP) and Whiteness HP
(35% HP), only 0.1 ml of bleaching agent was ap-
plied to enamel. During the bleaching period, spec-
imens were placed in 100% relative humidity at

TABLE 1 - Bleaching agent composition, manufacturer and application mode.

Bleaching agent Concentration Regimen
Whiteness Perfect . L
(FGM Dental Products, Joinville, SC, Brazil) 10% CP 1 daily application (6 hours) for 14 days
Colgate Platinum o . L
(Colgate Oral Pharmaceutical, Canton, MA, USA) 10% CP 1 daily application (6 hours) for 5 days
Day White 2Z 7 5% HP 1 daily application (30 minutes) for 14
(Discus Dental Inc., Culver City, CA, USA) e days
Whiteness Super 37% CP 2 applications (30 minutes each) with a
(FGM Dental Products, Joinville, SC, Brazil) 0 S-day interval
Opalescence Quick 359% CP 2 applications (30 minutes each) with a
(Ultradent Products Inc., Salt Lake City, UT, USA) 0 S-day interval
Whiteness HP 35% HP 2 applications (15 minutes each) with a
(FGM Dental Products, Joinville, SC, Brazil) 0 7-day interval

CP: carbamide peroxide; HP: hydrogen peroxide.
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37°C. After each bleaching session, specimens were
thoroughly rinsed with deionized water for 10 sec-
onds and stored in 0.5 ml of artificial saliva at 37°C
until the next treatment. Following the bleaching
regimen, specimens were rinsed and stored in de-
ionized water for 24 h at 37°C before being tested.

Microhardness testing

Microhardness measurements were taken
before initial exposure to the bleaching agents
(baseline) and post-treatment. Specimens were
positioned perpendicularly to the long axis of the
indentor to record the Knoop hardness number
(KHN). A 25 g load Knoop indentor® (Future Tech,
Tokyo, Japan) attached to a microhardness tester
(FM-1e, Future Tech, Tokyo, Japan) performed
three measurements during 5 seconds to determine
the KHN of each specimen at each time interval
in split-plot design. Mean values were statistically
analyzed by two-way analysis of variance (ANOVA)
and Tukey’s test at the 5% level of significance.

Roughness testing

A profilometer (Surf-Corder SE 1200, Kosa-
ka Lab Ltd., Tokyo, Japan) was used to measure
the surface roughness before (baseline) and after

bleaching procedures. Three measurements in dif-
ferent directions were recorded and the average
surface roughness (Ra) was determined for each
specimen at each time interval in split-plot design.
Mean values were statistically analyzed by two-way
analysis of variance (ANOVA) and Tukey’s test at
the 5% level of significance.

SEM observation

Dental fragments were removed from the resin
cylinders and enamel surfaces were prepared for
the scanning electron microscope (VP 435, Leo,
Cambridge, England). Enamel surfaces were sput-
ter coated with gold in a vacuum evaporator (MED
010, Balzers, Balzer, Liechtenstein) and photo-
micrographs of representative areas were taken
at 5,000 X magnifications. The enamel changes
were classified as no alterations, mild or slight
alterations (slight alterations in surface roughness
and irregular patterns of conditioning) and altered
surfaces (loss of superficial structure).

RESULTS

Tables 2 and 3 present the KHN and Ra val-
ues for each bleaching agent at different time

TABLE 2 - Mean Knoop hardness number (+ SD) for each treatment at time intervals.

Treatment

Baseline

Final

Control group

264.25+28.17 A a

230.28 £ 73.03 A a

Whiteness Perfect - 10% CP

283.97 £26.01 A a

61.29+12.39Bb

Colgate Platinum - 10% CP

263.64 £ 35.30 A a

69.32 £20.86 B b

Day White 2Z - 7.5% HP

294.09 £ 43.05A a

78.11 £21.66 Bb

Whiteness Super - 37% CP

264.79 £39.99 A a

61.42+11.19Bb

Opalescence Quick - 35% CP

290.62 £ 35.97 A a

51.02+16.38Bb

Whiteness HP - 35% HP

255.72+31.78 A a

4442+ 11.80Bb

Means followed by different letters (capital letter — column and lower case — line) differ by Tukey’s test (p < 0.05). CP: carbamide

peroxide, HP: hydrogen peroxide, SD: standard deviation.

TABLE 3 - Mean values (+ SD) of surface roughness (Ra) in um for each treatment at time intervals.

Treatment

Baseline

Final

Control group

0.17+0.06 A a

0.23+0.04 Aa

Whiteness Perfect - 10% CP

0.20+£0.05Aa

0.27+0.05AB b

Colgate Platinum - 10% CP

0.21+0.07A a

0.32+0.11 ABb

Day White 2Z - 7.5% HP

0.19+0.06 A a

0.32+0.10AB b

Whiteness Super - 37% CP

0.20+0.06 A a

0.33+£0.07ABb

Opalescence Quick - 35% CP

0.15+0.05A a

0.27+0.07 ABb

Whiteness HP - 35% HP

0.16 +0.04 A a

0.35+0.06 Bb

Means followed by different letters (capital letter — column and lower case — line) differ by Tukey’s test (p < 0.05). CP: carbamide

peroxide, HP: hydrogen peroxide, SD: standard deviation.

308



Pinto CF, Oliveira R, Cavalli V, Giannini M. Peroxide bleaching agent effects on enamel surface microhardness, roughness and

morphology. Braz Oral Res 2004;18(4):306-11.

intervals, respectively. For both tests, the mean
values followed normal distribution and ANOVA
detected statistically significant differences among
groups (p < 0.001 and p = 0.0103, respectively)
and between time intervals (p < 0.001). The in-
teractions between factors (bleaching agents and
time intervals) were also significant (p < 0.001 and
p = 0.0372, respectively).

Tukey’s test showed that initial KHN was simi-
lar for all groups (p > 0.05). However, specimens
submitted to all bleaching regimens presented re-
duction in KHN (p < 0.05). Moreover, all groups
presented similar initial Ra values (p > 0.05). Af-
ter bleaching treatments, enamel presented in-
creased surface roughness (p < 0.05). However,
only high-concentrated hydrogen peroxide (35%)

EHT=20 .60 kV

2un

Wp= 16 nm Mag= 5.00 K X
Photo No.=5966 Detector= SE1

produced Ra values significantly higher than those
of the control group, which was kept in artificial
saliva (p < 0.05).

A representative photomicrograph of polished
enamel surface stored 14 days in artificial saliva
(control group) is shown in Figure 1. No signifi-
cant morphologic alterations were detected on
unbleached enamel surfaces. Bleached groups
showed alterations on surface smoothness and
presented different levels of surface changes (Fig-
ures 2 to 7). While Whiteness Super bleaching
agent regimen (37% carbamide peroxide) induced
minor alterations on enamel surface (Figure 5),
hydrogen peroxide used in high concentration
(Whiteness HP - 35%) promoted dissolution of
some enamel superficial areas (Figure 7).

W= 23 mn = Mag- 5.00 K X
— Photo No.=3613 Detector= SE1

EHT=20.00 kV
2pm

FIGURE 1 - Enamel surface morphology of unbleached
control group. A smooth and unchanged surface is not-
ed (5,000 X).

TEHT=20.00 KV
3un

23 mn [ 00 K X
Photo No.=3611  De = SE1

FIGURE 3 - Enamel surface exposed to Colgate Plati-
num (10% carbamide peroxide). Mild intraprismatic
dissolution was produced on the surface (5,000 X).

5.00 K X
or= SE1

EHI-20.00 kU WD= 21 nn
3un Photo No.

Mag=
=3619 Detect

FIGURE 2 - Enamel surface exposed to Whiteness Per-
fect (10% carbamide peroxide). Mild intraprismatic dis-
solution was produced on the surface (5,000 X).

FIGURE 4 - Enamel surface exposed to Day White 2Z
(7.5% hydrogen peroxide). Mild intraprismatic dissolu-
tion was produced on the surface (5,000 X).
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EHT-=20.00 KU WD= 22 nm “Mag= 5.00 K X
2un (= Photo No.=3621 Detector= SE1

FIGURE 5 - Enamel surface exposed to Whiteness Su-
per (37% carbamide peroxide). Mildly changed areas
and the interprismatic limits are noted (5,000 X).

EHT-20.00 kV
3un

Wp= 21 nn
Photo No.=3628

Mag= 5.008 K X
Detector= SE1

FIGURE 6 - Enamel surface exposed to Opalescence
Quick (35% carbamide peroxide). Mild intraprismatic
dissolution was produced on the surface (5,000 X).

EHT=20.00 KV Mag= 5.08 K X
3pn [ Photo No.=3632 Detector= SE1

FIGURE 7 - Enamel surface exposed to Whiteness HP
(35% hydrogen peroxide). Erosion or intraprismatic
structure dissolution can be noted (5,000 X).
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DISCUSSION

In this study, after all bleaching regimens,
enamel surface presented reduction in Knoop mi-
crohardness and increase in surface roughness.
While alterations on enamel surface produced by
bleaching oxidizing process roughened the surface,
the loss of mineral content and organic matrix de-
creased enamel microhardness. Previous studies
have shown changes in enamel components and
morphology!®!118 microhardness'® and fracture
toughness*?! reduction after bleaching with 10%
carbamide peroxide.

Specimens from the control group, stored in
artificial saliva for 2 weeks, showed no changes
in Knoop microhardness, surface roughness or
morphology. Therefore, artificial saliva had no ef-
fect on enamel surface (Figure 1). Conversely, re-
gardless of the whitening product used, bleaching
agents showed similar performance in both enamel
superficial analysis, although the products pres-
ent different bleaching regimen, composition and
peroxide concentration. SEM evaluation revealed
surface alterations on enamel after all bleaching
procedures. Micrographs of the bleached enamel
surfaces showed pits, waviness, erosions and sur-
face roughness (Figures 2 to 7).

The group using hydrogen peroxide in high
concentration (Whiteness HP - 35%) was the only
one presenting Ra values significantly higher than
those of the control group. Previous studies have
indicated that 30-35% hydrogen peroxide causes
superficial alterations and reduction in the cal-
cium-phosphorus ratio!®152022, Because 35% hy-
drogen peroxide is a strong oxidizing agent, it is
indicated for professional use only at the dental
office. In this study, after 35% hydrogen peroxide
treatment, some areas of enamel surface presented
no alterations. However, in other areas, demineral-
ization and lack of smoothness probably resulted
in an increase of average surface roughness (Fig-
ure 7).

High concentration of carbamide peroxide
(35-37%) is indicated as pre-treatment and in
association with at-home vital bleaching. These
products are for professional use only, even though
approximately 11% of hydrogen peroxide is pro-
duced after the peroxide degradation. Minor su-
perficial alterations were noted for 37% carbamide
peroxide Whiteness Super bleaching agent under
SEM (Figure 5). The alterations produced by high
concentrations of carbamide peroxide (Figure 6)
were similar to those produced by whitening prod-
ucts indicated for at-home use (Figures 2 to 4).
Use of a custom-fitted tray as a carrier for low
concentrations of carbamide (10%) and hydrogen
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peroxide (7.5%) for prolonged periods (2-5 weeks)
during the day or at night is conventional bleach-
ing technique recommended by dentists. According
to clinical experiences and researches, daily expo-
sure to 10% carbamide peroxide is an apparently
safe and effective procedure for whitening tooth
hard tissues®1016,

As a result of bleaching regimens, the reduc-
tion in Knoop microhardness due to mineral loss
can be naturally controlled by saliva and with
remineralizing solution, such as artificial saliva
and fluorides'*®18, In vitro studies seem to yield
more pronounced effects than in vivo conditions!?.
However, no remineralizing effect can recover the
enamel initial surface roughness promoted by
polishing with diamond pastes during specimen
preparation. Clinically, to recover enamel smooth-
ness and restore its lustrous surface altered by the
application of high-concentrated hydrogen perox-
ide gels, polishing enamel after bleaching sessions
is required?®®!7. However, polishing procedures can
result in enamel loss of some micrometers, reduc-
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