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ABSTRACT
The aim of this study was to assess the effect of bleaching
agents (10% and 16% carbamide peroxide) on the roughness
of two dental ceramics in vitro, and to analyze the surface by
scanning electronic microscopy (SEM).
Two bleaching agents (10% and 16% / Whiteness, FGM Gel) and
two microparticle feldspathic ceramics (Vita VM7 and Vita
VM13) were used. Forty disks of Vita VM7 and Vita VM13 ceramic were manufactured, measuring 4mm in diameter and 4mm
high, in accordance with the manufacturers’ recommendations,
and were divided into 4 groups (n=10): (1) VM7 + Whiteness
10%; (2) VM7 + Whiteness 16%; (3) VM13 + Whiteness 10%;
(4) VM13 + Whiteness 16%. The bleaching agent was applied
for 8 hours a day for 15 days and during the intervals the test

specimens were stored in distilled water at 37°C. The roughness
(Ra) of the test specimens was evaluated before and after exposure to the bleaching agents using a laser roughness meter and
the topographic description was analyzed by SEM.
The statistical analysis of roughness data showed significant
differences in the VM7 groups, using paired t-test, p=0.05 (VM7
+ Whiteness 10%: p=0.002; VM7 + Whiteness 16%: p=0.001)
and two-sample t-test (VM7 p=0,047), and no significant difference was found among VM13 groups. The qualitative SEM
analysis showed different degrees of surface changes.
The results suggest that the roughness of the tested ceramic
surfaces increased after exposure to the bleaching agents.
Key words: ceramic, roughness, bleaching agents.

EFEITO DOS AGENTES CLAREADORES NA RUGOSIDADE DA CERÂMICA DENTAL
RESUMO
O objetivo do estudo foi avaliar o efeito de agente clareador
(10% e 16% de peróxido de carbamida) na rugosidade de duas
cerâmicas dentais in vitro e analisar a superfície através da
microscopia eletrônica de varredura (SEM).
Foram utilizados dois agentes clareadores (10% e 16% / Whiteness, FGM Gel) e duas cerâmicas feldspáticas microparticuladas
(Vita VM7 e Vita VM13). Foram confeccionados quarenta discos
de cerâmica Vita VM7 e Vita VM13, com 4mm de diâmetro e 4mm
de altura, de acordo com as recomendações do fabricante, sendo
divididos em 4 grupos (n=10): G1- VM7 + Whiteness 10%, G2VM7 + Whiteness 16%, G3- VM13 + Whiteness 10% e G4- VM13
+ Whiteness 16%. O agente clareador foi aplicado por 8 horas
durante 15 dias e durante os intervalos os corpos de prova (cp)

ficavam armazenados em água destilada a 37°C. A rugosidade
(Ra) dos cp foi avaliada antes e após a exposição aos agentes
clareadores utilizando o rugosímetro a laser Perthomether S8P, e
a descrição topográfica foi analisada no MEV.
A análise estatística na rugosidade mostrou diferença significante entre os grupos da VM7, usando o teste pareado, p=0.05
(VM7 + Whiteness 10%: p=0.002; VM7 + Whiteness 16%:
p=0.001) e não foi encontrado diferença estatistica para os
grupos da VM13. A descrição qualitativa no SEM evidenciou
alteração nas superfícies em diferentes graus.
Os resultados sugeriram que as superfícies das cerâmicas testadas
aumentaram a rugosidade após a exposição ao agente clareador.

INTRODUCTION
Dental bleaching is a procedure that has become
increasingly popular in dentistry because it appears
to be efficient and non-invasive. The treatment can
be performed in the dental office by the dentist, or
at home by the patient himself 1,2. Among the agents
available, there are carbamide peroxide (CP) gels at
concentrations between 10-40%. Bleaching times
vary according to the gel concentration and technique used3.

Carbamide peroxide is an oxidizing agent; consisting of hydrogen peroxide compounded with urea,
that when it comes into contact with the oral tissues
and saliva, its constituent parts separate3. The 10%
to 16% CP solution dissociates into 3% to 5% hydrogen peroxide and 7% to 10% urea. The hydrogen
peroxide further degrades into oxygen and water,
whereas the urea degrades into ammonia and carbon
dioxide3,4. It is believed that dental bleaching occurs
due to modifications in the chemical structure of
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organic substances, by free radicals that are generated by the bleaching agents 5, by oxidation reaction2,6.
However, due to the close contact between the
bleaching agent and restorative materials, it is
important to reflect on the negative alterations
caused on them7-9.
Although dental bleaching does not cause macroscopically visible alterations, microscopic alterations
may cause undesirable effects. Many studies have
assessed the influence of bleaching agents on oral
tissues, enamel and dentin10-20. Some studies have
assessed the effects of bleaching agents on composites8,21-27. However, there are hardly any reports on
the effects of dental bleaching on dental ceramics,
which have been an excellent alternative to substitute metal restorations, due to their characteristics of
safety and efficiency when adequate indications and
techniques are used.
Several authors25,28,31 evaluated the effect of bleaching agents on the surface texture of porcelains. In
the study by Butler et al.31, porcelains showed a significant increase in roughness data when exposed
to 10% CP and the roughness size obtained was
approximately 0.24 µm, which, according to the
authors, might increase plaque accumulation or
affect the esthetics by changing the texture of the
ceramic restoration.
Studies on the effect of CP gels on the surface
roughness of ceramic dental materials after different exposure times have reported some conflicting
results. Moraes et al.28 reported that when feldspathic porcelain is exposed to both home and in-office
bleaching agents, the porcelain surface roughness
increased after 21 days of exposure.
Ceramics occupy an outstanding position because
of their optic properties, which are similar to those
of natural teeth, physical-mechanical durability,
chemical stability and optimum biocompatibility
with the adjacent tissues and low biofilm adherence
index29,30 as a result of the highly smooth surface
obtained with the new ceramics. Nevertheless, there
are factors that may influence the quality of a
restoration, such as the oral environment, bacteria,
saliva, stress, habits, cleaning products, mouthwashes and others that undoubtedly contribute to
deterioration of the restoration and may necessitate
restoration replacement29.
Clinically, surface integrity and smoothness are
important factors when the restoration is evaluated,
as they are related to bacterial plaque34, abrasion of
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antagonistic teeth, injury to adjacent soft tissues,
color changes and also to the esthetic quality of the
restoration6,9,14,23. The clinical implications also
include the decrease in the flexural strength of the
porcelain materials35.
In some studies the quantitative results are obtained
by means of the roughness25,28,31; however, the statistical results should be verified with scanning
electron microscopy (SEM) images to evaluate the
surface topography, allowing a definition of form
and contour, which are not always detected by the
filters of the surface roughness tester. SEM is used
for characterizing surface topography. SEM images
have great depth of field, yielding a characteristic
three-dimensional appearance useful for understanding the surface structure of a sample. This
great depth of field and the wide range of magnifications are the most familiar imaging mode for
specimens in the SEM. Thus, all the studies about
roughness used SEM to determine changes in surface morphology8,25,36-38.
Considering the negative effects of the bleaching
agents on the restorative material, these effects may
result in changes in physical properties, surface
morphology and color of different restorative materials21. The aim of this study was to assess the
surface alteration of ceramic materials on exposure
to 10% and 16% CP for 15 days in vitro, by means
of surface roughness and topographical analyses by
SEM. The null hypotheses to be tested are that: (1)
10% CP bleaching agent does not influence the
roughness of VM7 and VM13 ceramic surface; and
(2) 16% CP bleaching agent does not influence the
roughness of VM7 and VM13 ceramic surface.
MATERIALS AND METHODS
Forty disks were prepared with the ceramic materials listed in Table 1. All samples were handled in
accordance with the manufacturer’s directions. A
hollow, cylindrical 4x4 mm (diameter and height)
metal mould was used as standard.
The Vita VM7 and Vita VM13 ceramics were prepared by adding the modeling liquid to the powder
until a creamy consistency was obtained. The pastes
were put into the mould with a Teflon® spatula to
model them, and excess water was eliminated with
absorbent paper. After modeling each set of 5 ceramic paste disks, the disks were sintered in a Vacumat
40 vacuum (Vita, Zahnfabrik-Germany), according
to manufacturer’s recommendations, from 500oC to

ISSN 0326-4815

Vol. 23 Nº 3 / 2010 / 257-264

ACTA-3-2010-PELICULAS:3-2010 18/04/2011 10:56 p.m. Página 259

Effect of Bleaching on dental ceramics

259

Table 1: Information on materials used in the study, according to manufacturers.
Brand Name

Material Type

Main Composition

Manufacturer

Batch number

Vita VM7

Feldspathic ceramic

SiO2: 62-65%, Al2O3:
14-15%, K2O: 7-8%,
Na2O: 4-5%, CaO: 1-2%

Vita Zanhfabrik, Bad
Sachingen, Germany

31570

Vita VM13

Feldspathic ceramic

SiO2: 59-63%, Al2O3:
13-16%, K2O: 9-11%,
Na2O: 4-6%

Vita Zanhfabrik, Bad
Sachingen, Germany

7747

Whiteness 10%

Carbamide peroxide

Carbamide peroxide,
glycol, potassium ions,
deionized water, carboxypolymethylene

FGM Dental Products,
Joinville, Brazil

101208

Whiteness 16%

Carbamide peroxide

Carbamide peroxide,
glycol, potassium ions,
deionized water, carboxypolymethylene

FGM Dental Products,
Joinville, Brazil

070208

910oC in 6 minutes in vacuum with a 1-minute hold
at peak temperature. After firing, the specimens
were included in acrylic resin and finished with a
polishing machine (Labpol 8-12, Extec, USA),
using sandpaper Nº 600, 800 and 1200 (3M, St.
Paul, USA) to remove any irregularities and to create a flat surface. All the ceramic disks were cleaned
in an ultrasonic bath for 5 min with distilled water.
Forty disks were randomly divided into 4 experimental groups, according to the ceramic (VM7 and
VM13) and the bleaching agent concentration (10%
and 16% / Whiteness, FGM Gel) (Table 2).
The surface roughness (Ra) was determined using a
laser roughness meter Perthomether S8P with a T9
Fododyn tip, optical micro palpation instrument
from IEAv/CTA. The equipment was coupled to a
unit that processes and interacts with the information recorded, indicating the results immediately.
Three measurements were taken for each sample and
the mean was calculated. On one face of each specimen, three readings (1mm apart from each other and
cut-off = 3mm) were averaged and used to calculate
the mean value and standard deviation of Ra (ìm).
Initial roughness was first determined; thereafter
carbamide peroxide was applied to the exposed surface of the ceramics, and kept in contact for 8 hours.
Next, the ceramics were cleaned with water to
remove the gel. The bleaching procedure was performed over a period of 15 days. The gel was applied
according to the manufacturer’s specifications, during the night (for an average 8 hours) while the
patient sleeps or during the day. For this study, the
first option was selected.
Vol. 23 Nº 3 / 2010 / 257-264

Table 2: Experimental groups.
Groups*
Ceramic Material + Bleaching Material Concentration
VM7a + Whiteness 10%
VM7a + Whiteness 16%
VM13b + Whiteness 10%
VM13b + Whiteness 16%
*n = 10.
a Veneering ceramic with a fine structure for all-ceramic framework
materials.
b Veneering ceramic for all metal-ceramic restorations.

During the time interval between the gel applications, the test specimens were stored in distilled
water, simulating a conventional dental bleaching
treatment. The final Ra was measured after the last
bleaching agent application, and the same procedures
were followed for the initial roughness reading.
The topographical description of the specimens was
evaluated by scanning electron microscopy (SEM)
(JMS 5310 - JOEL), using photographic visualization
with 1000x magnification. The surfaces evaluated were
cleaned in 99.9% ethanol at ultrasonic high frequency
(35 k Hz) for 10 minutes and mounted on aluminum
stubs, where they were sputter coated with gold using
a Desk II (Denton Vacuum) appliance for 2 minutes.
Statistical analysis was performed using Statistix for
Windows (version 8.0, 2003, Analytical Software
Inc, Tallahassee, FL, USA). In this experiment, the
two independent variables (factors) considered
were: “ceramic material” at 2 levels (VM7 and
VM13) and “bleaching agent concentration” at 2
levels (10% and 16%). The dependent variable
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(response) was the roughness value obtained (Ra).
The statistical analysis of the data obtained was submitted to the following parametric tests: paired t-test
and two-sample t-test, α= 5%.
RESULTS
The data obtained for VM7 and the comparisons are
summarized in Table 3, and Fig. 1, and those for
VM13 in Table 4 and Fig. 2.

The paired t-test (VM7 + Whiteness 10%: p=0.002;
VM7 + Whiteness 16%: p=0.001) and two-sample
t-test (p=0.047) showed significant differences
between VM7 groups, as shown in Table 3. The
results presented in Table 4 for VM13 groups
demonstrate statistical differences for paired t-test
(VM13 + Whiteness 10%: p=0.034; VM13 + Whiteness 16%: p=0.013) and two-sample t-test (p=0.092)
showed no significant differences (Table 4).

Fig. 1: Ceramic VM7. Dot plot of roughness values by ceramics and bleaching concentration (Ra) obtained for 10
specimens, around mean, under experimental conditions (10%
and 16% - whitout bleaching; 10%f – bleaching 10%; 16%f –
bleaching 16%).

Fig. 2: Ceramic VM13. Dot plot of roughness values by ceramics
and bleaching agent concentration (Ra) obtained for 10 specimens, around the respective mean, under experimental conditions
conditions (10% and 16% - whitout bleaching; 10%f – bleaching
10%; 16%f – bleaching 16%).

Table 3: Ceramic VM7. Confidence interval for means, CI (95%), confidence interval for different means, and null
hypothesis significance test (NHST) for the roughness (Ra) values under different experimental conditions.
Bleaching
concentrations

Period

mean±sd (µm);
CI (95%)

statistics t; df;
p-value

Before
mean±sd (µm)*

After
mean±sd (µm)*

10%

0.28 ± 0.08

0.38 ± 0.05

0.09 ± 0.06;
0.04 to 0.13

4.38; 9; 0.002a

16%

0.15 ± 0.10

0.31 ± 0.06

0.16 ± 0.07;
0.10 to 0.21

6.62; 9; 0.001a

10% vs 16%

0.09 ± 0.06

0.16 ± 0.07

0.07 ± 0.07;
0.00 to 0.13

2.14; 9; 0.047b

*n = 10; apaired t-test, p<0.05; unpaired t-test, bp<0.05.

Table 4: Ceramic VM13. Confidence interval for means, CI (95%), confidence interval for different means, and null
hypothesis significance test (NHST) for the roughness (Ra) values under different experimental conditions.
Bleaching
concentrations

Period

mean±sd (µm);
CI (95%)

statistics t; df;
p-value

Before
mean±sd (µm)*

After
mean±sd (µm)*

10%

0.17±0.03

0.24±0.10

0.07±0.09;
0.00 to 0.14

2.50; 9; 0.034a

16%

0.20±0.08

0.40±0.17

0.20±0.21;
0.05 to 0.35

3.08; 9; 0.013a

10% vs 16%

0.07±0.09

0.20±0.21

0.13±0.16;
-0.29 to 0.02

1.83; 12; 0.092

*n = 10; apaired t-test, p<0.05.
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Fig. 3: a) Typical SEM micrographs (X1000) of feldspar ceramic VM7 surface (0.285±0.0767 µm); b) Surface roughness of feldspar
ceramic VM 7 (0.376±0.055 µm) after surface bleaching with 10% Carbamide peroxide agent (X1000); c) Surface roughness of feldspar
ceramic VM 7 (0.311±0.063 µm) after surface bleaching with 16% Carbamide peroxide agent (X1000); d) Typical SEM micrographs
(X1000) of ceramic VM13 veneering porcelain surface (0.169±0.032 µm); e) Surface roughness of ceramic VM 13 (0.241±0.098 µm)
after surface bleaching with 10% Carbamide peroxide agent (X1000); f) Surface roughness of ceramic VM 13 (0.400±0.174 µm) after
surface bleaching with 16% Carbamide peroxide agent (X1000).

SEM analysis at 1000x magnification, which complemented the roughness tests, revealed that all the
groups showed evidence of surface changes in various degrees (increasing surface roughness) (Fig. 3).
DISCUSSION
The bleaching agents used in this experiment had a
significant effect on the surface roughness of the
feldspathic porcelain, which was consistent with the
findings of other studies28,31,40. Butler et al.31 reported that the roughness of porcelains might increase
significantly after exposure to 10% CP. Moraes et
al.28 reported that feldspathic porcelain showed a
significantly rougher surface after 21 days of exposure to both 10% and 35% CP agents. The present
investigation demonstrated the increase in the
roughness of feldspathic ceramics after exposure to
bleaching agents at two concentrations (10% and
16% CP), applied for 8 hours a day for 15 days. An
explanation for this is that the pH value of bleaching agents during the bleaching process could also
Vol. 23 Nº 3 / 2010 / 257-264

affect the erosion mechanism and rate of erosion of
the restorative materials25. In addition, Moraes et
al.28 speculate that it is related to a leach of any component from porcelain matrix as a function of
continual peroxide application. Turker and Biskin25
evaluated by a surface spectral analysis study the
SiO2 and K2O2 content for the same feldspathic
porcelain tested in this study, after a bleaching procedure with CP agents, and found a decrease of up
to 4.82 and 1.89%, respectively, of the original content. These findings contributed to explain our
results. Additionally, previous studies have shown
a significant decrease in the surface hardness of this
ceramic material after exposure to a bleaching
agent41. Haywood3 and Turker and Biskin25 found
no significant change in the surface roughness of
feldspathic porcelain after the bleaching procedure.
In the present experiment, after exposure to 10%
CP, the ceramic roughness values varied from
0.28µm to 0.38 µm (VM7) and from 0.17 µm to
0.24 µm (VM13), which was consistent with the
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findings of Butler et al.31, who reported 0.24 µm
after exposure for 48 hours (6 hours per day, during
8 days). In previous studies, roughness values
before and after exposure to 10% CP were approximately 0.17 µm and 0.22 µm, respectively, for 3
hours per day during 21 days28. In the study by
Turker and Biskin25, after the bleaching procedure
with 10% CP for 8 hours a day for 2 weeks, the
roughness values ranged from 0.48 µm to 0.66 µm,
and when 16% CP was used, the roughness value
obtained was 0.69 µm. In the present investigation,
after applying 16% CP, the values ranged from
0.15µm to 0.31 µm (VM7) and from 0.20 µm to
0.40 µm (VM13).
In the current study, exposure to 16% CP agent
resulted in increased Ra values for VM7 and VM13
ceramics (Fig. 1). The Ra values observed, for these
feldspathic ceramics, were not within the clinically
acceptable range, as described in previous studies28,38. The observed changes would be clinically
significant due to microscopic alterations which
could cause undesirable effects. Scientific literature
needs clinical data on the direct consequences of
bleaching treatments on dental ceramics, as few
studies have assessed these effects in vivo. Indeed,
there are aggravating factors for these restorations
to become rough, such as the composition of the
substrate, water absorption due to alterations in permeability, and irregularity left on bleached surfaces,
which may favor modifications of the esthetic characteristics, accumulation of pigments6,9,14,23,
bacteria adhesion32, increased plaque accumulation34 and periodontal disease33.
Additionally, De Jager et al.35 observed a significant
correlation between the roughness of the surface and
the biaxial strength. The smoother surface led to
higher biaxial strength. In a rough surface, the differences in biaxial flexural strength may be
attributed to the stress concentration caused by
mechanical action or chemical action on the surface.
These authors concluded that surface roughness is
an important factor in the strength of a porcelain
material, except where the inner structure of the
material causes higher stress concentration than that
caused by the combination of surface roughness and
surface flaws. As a result of the stress concentration,
failure will take place at a lower stress level. Therefore, prior to the use of CP, clinicians should
consider the sort of porcelain restoration present to
prevent a roughened surface from occurring31.
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A complementary analysis of the quantitative
results by SEM of the conditions before and after
the corrosion process, offers evidence of different
degrees of a corrosive attack on the evaluated surfaces. The increased roughness of the feldspathic
ceramic specimens and some areas of cracking on
the surface of feldspathic ceramics shown in SEM
micrographs (Fig. 3) strongly suggest that the life
of the restoration could be reduced. All of the modified feldspathic ceramic specimens showed
increased surface porosity and cracking areas when
compared to control specimens. This suggests that
the surface changes could have been caused by
interactions within multicomponent bleaching
products. This study demonstrated that when feldspathic ceramic is exposed to CP home agents for 2
weeks, its surface roughness may increase.
Although in vitro evaluations are clearly incapable
of completely reproducing the conditions inherent to
the oral environment, depending on the substrate and
the time of exposure to the bleaching agent, alterations in roughness were found. With the increasing
use of dental bleaching treatment as a conservative
esthetic resource, it is important for dentists to know
of the possible effects of 10% and 16% CP solutions
on all ceramic and metal-ceramic restorations possibly existent in the patient’s mouth. Therefore, before
the bleaching procedure, the ceramic restorations
should be protected in order to prevent effects such
as surface roughness. Additional studies are recommended when new dental materials and technologies
are introduced into the dental practice.
The findings of this study require rejection of the
null hypotheses, as 10% and 16% CP bleaching
agents increased the roughness of VM7 and VM13
ceramic surfaces. This in vitro study suggests that
feldspathic ceramic restorations should be placed
in the patient’s mouth after bleaching procedures,
because the bleaching process appears to alter the
surface properties of these materials.
CONCLUSIONS
On the basis of these results and within the limitations of this in vitro study:
Significant changes in surface roughness values
were found for the feldspathic porcelains after the
bleaching procedure with 10% and 16% carbamide
peroxide (p<0.05).
In SEM micrographs of the feldspathic ceramics,
surface degradation appears clearly.
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