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RESUMO

A técnica de clareamento dental consiste em aplicar, sobre a superficie do esmalte,
um gel que pode apresentar diferentes composicdes, mas que apresentam como principio
ativo o peréxido de hidrogénio. H& alguns anos, pesquisadores tém adicionado diferentes
compostos quimicos & composicio visando diminuir os efeitos adversos causados pelo
clareamento. Este estudo in vitro teve como objetivo avaliar as propriedades fisico-quimicas
do esmalte dental apés utilizagdo de perdxido de hidrogénio com e sem cdlcio e sequente
aplicagdo do flior neutro ou imerséo em saliva artificial. Foram utilizados 40 blocos de
esmalte e dentina (25mm?) obtidos de dentes incisivos bovinos que foram divididos em 4
grupos (n=10): G1- peréxido de hidrogénio (PH) a 35% com cdlcio (Whiteness HP
Blue /FGM) seguido da aplicagdo de fluor neutro a 2% por 2 minutos, G2 — PH a 35% com
cdlcio e armazenamento em saliva artificial por 7 dias, G3 - PH a 35% (Whiteness HP
Maxx/FGM) seguido da aplicagéo de fluor neutro a 2% por 2 minutos, e G4 - PH a 35% e
armazenamento em saliva artificial por 7 dias. Leituras de microdureza, rugosidade e
composicdo quimica pela andlise em EDS foram realizadas nos tempos: L1 — inicial, L2 -
ap6s a redlizacdo do clareamento e L3 apéds aplicagdo de flior ou imersdo em saliva
artificial. Os dados obtidos foram submetidos a andlise estatistica pelo teste PROC MIXED
de medidas repetidas, seguida pelo teste Tukey (0=5%). Em relacdo a andlise fisica do
esmalte, observou-se que os clareadores testados diminuiram a microdureza e aumentaram
sua rugosidade superficial de maneira significante. Em L2, os grupos G1 e G2
apresentaram maiores valores de microdureza em relagdo a G3 e G4. L3 apresentou
maior dureza em relagéio a L2 para todos os grupos testados. Os grupos com e sem floor
ndo diferiram estatisticamente entre si para dureza (p=0,6892) e rugosidade (p=0,3169).
Em relagcdo a andlise quimica do substrato para o elemento Cdlcio, em L1, ndo foram
observadas diferengas estatisticas entre os grupos testados. Em L2, observou-se redugdo
das taxas para os grupos G3 e G4. Em L3 ndo foram observadas diferengas estatisticas
significantes entre os grupos. Para o elemento Fésforo, ndo houve diferenca entre os grupos
em L1 e em L2, entretanto em L3 observou-se aumento da taxa de maneira semelhante

entre os grupos. Pode-se concluir que, para ambos os clareadores, a rugosidade superficial
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do esmalte aumentou e ndo se alterou apds imersdo em saliva ou flior. Quanto &
microdureza, sua redugdo foi menor para o clareador com cdlcio. A aplicagdo de floor
neutro ou imersdo em saliva artificial, apds o clareamento, foi eficaz na recuperagdo dos
valores de dureza iniciais, mas foi ineficaz em relacdo a rugosidade. Conclui-se ainda que
o agente clareador com cdlcio afetou de forma significante a concentracdo de Cdlcio do

esmalte em comparagéo ao grupo tratado com agente comum.

PALAVRAS-CHAVE: Esmalte dentdrio, Clareamento do esmalte.
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ABSTRACT

The bleaching technique consists in applying a gel on enamel surface. The gel can
have different compositions, but it's active ingredient is hydrogen peroxide. A few years
ago, researchers have been adding different chemicals components to the composition in
order to decrease the adverse effects caused by bleaching. This in vitro study aimed to
evaluate the enamels physicochemical properties after using hydrogen peroxide with and
without calcium and consequent application of neutral fluoride or immersion in artificial
saliva. Forty enamel and dentin blocks (25mm?) obtained from bovine incisors were divided
into 4 groups (n = 10): G1 - hydrogen peroxide (HP) 35 % Calcium ( Whiteness HP Blue /
FGM ) followed by application of neutral 2% fluorine (2 minutes), G2 - PH 35% calcium
and storage in artificial saliva (7 days) , G3 - PH 35 % ( Whiteness HP Maxx / FGM)
followed by application of neutral 2% fluorine (2 minutes) and G4 - PH 35% and storage in
artificial saliva (7 days). Microhardness, roughness and chemical composition analysis by
EDS readings were performed on: L1 — initial; L2 - after bleaching; and L3 - after fluoride
application or immersion in artificial saliva. Data were statistically analyzed by PROC
MIXED with repeated measures test followed by Tukey test (0 = 5%). Regarding physical
analysis, it was observed that bleaching decreased hardness and increased surface
roughness from all groups. In L2 , G1 and G2 presented higher hardness values compared
to G3 and G4 . L3 was presented better results in relation to L2 for all groups. Groups
treated with fluorine or artificial saliva didn’t differ statistically for hardness (p = 0.6892)
and roughness (p = 0.3169). Regarding the chemical analysis, for Calcium element in L1 ,
there were no statistical differences between the groups tested. In L2 , there were a
reduction in rates for groups G3 and G4. In L3 there were no statistically significant
differences between groups. For the Phosphorus element, there were no difference between
groups in L1 and L2, but in L3 there were an increase in rate similarly between groups. It
can be concluded that for both bleaching agents, the enamel’s surface roughness increased
and did not change after immersion in saliva or fluoride application. About microhardness,
the values reduction was smaller for bleaching with calcium. The neutral fluoride application

or immersion in artificial saliva after bleaching was effective in recovery of baseline values,
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but was ineffective against the roughness. Bleaching agent with calcium significantly affect

the concentration of enamel’s calcium compared to group treated with common agent.

KEYWORDS: Dental enamel, Tooth bleaching.
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INTRODUCAO GERAL

Alteragdes de cor dos elementos dentais sdo tidas como um dos principais problemas
estéticos relatados por pacientes. O tratamento clareador apresenta resultados satisfatérios
quando bem indicado, além de ser considerado como uma técnica minimamente invasiva
(Conceigdo, 2005).

Os agentes clareadores utilizados apresentam peréxido de hidrogénio ou perdxido
de carbamida que, quando em contato com dgua ou saliva, por exemplo, se decompde em
peréxido de hidrogénio e uréia (Haywood e Heymann, 1989). Segundo, Goldstein e
Garber (1996), o peréxido de hidrogénio, agente ativo do clareamento, libera dgua e

radicais livres de oxigénio e, simultaneamente, hidrogénio e peridroxil (radical livre HO2 —

D~

Eletrofilico e instdvel) em proporcdes dependentes do pH do meio. Quando o pH do meio
bdsico, maior quantidade de peridroxil e hidrogénio é formada, levando a oxidac¢do das
macromoléculas carbonatadas e coradas, tornando-as menores e descoradas.

Existem diferentes tipos de agentes clareadores, com diferentes tipos de
composigcdes, concentragdes e indicagdes. Os agentes clareadores para uso em consultério
apresentam altas concentra¢des do perdxido de carbamida (35-37%) e do perdxido de
hidrogénio (30-40%), enquanto a técnica caseira contém perdxido de carbamida em
concentrac¢des que variam de 10 a 22% ou peréxido de hidrogénio até 10% (Sulieman,
2006), sendo que normalmente sdo indicados para pacientes resistentes a utilizacdo de
moldeiras por longos periodos.

Problemas relacionados & estrutura dentdria provenientes da técnica de
clareamento como redugéio da microdureza e aumento da rugosidade foram apresentados
por diferentes autores (Shannon et al., 1993; Flaitz & Hicks, 1996). Estudos revelaram o
aumento da porosidade do esmalte clareado, erosdo e até mesmo desmineralizacdo
superficial (Shannon et al., 1993; Flaitz & Hicks, 1996; Perdigdo et al.,, 1998; Hegeduis et
al., 1999; Akal et al., 2001, Cavalli et al.,, 2004). Além disso, surgiram evidéncias
preocupantes em relagdo & composicdo quimica do esmalte apdés o uso de agentes
clareadores de alta concentracdo (Murchinson et al., 1992; Rotstein et al., 1996; Attin et al,,
1997; Potocnik et al.,, 2000; Akal et al.,, 2001; Cimilli & Pameijer, 2001; Cavalli et al,,
2004).



Estudos demonstraram que o tratamento clareador com peréxido de carbamida
pode resultar em diminuicdo na concentragdo de cdlcio e fosfato presentes no esmalte
(Perdigdo et al.,, 1998; Potocnik et al., 2000; Burgmaier et al.,, 2002), aumentando a
susceptibilidade do substrato & desmineralizagdo (Flaitz & Hicks, 1996; Al-Qunaian, 2005).
Sabendo-se que todos os pacientes sdo susceptiveis a cdrie e outros tipos de
desmineraliza¢do do esmalte devido a ingestdo de bebidas dcidas ou ainda dcidos
enddgenos, tais constatagcdes tornam-se pertinentes e preocupantes, visto que a técnica de
clareamento tem sido muito utilizada, embora pouca informagéo exista a respeito dos
efeitos dos agentes clareadores em superficies de esmalte previamente desmineralizadas
(Basting et al., 2001).

Em 1993, Shannon et al. comprovaram o aumento da porosidade causada pelos
agentes clareadores com peréxido de carbamida em altas e baixas concentragoes,
entretanto, minima alteragdio na microdureza do esmalte foi relatada. Todavia, a
diminuicdo da dureza do esmalte tratado com peréxido de carbamida a 10% e 16% foi
demonstrada, e andlises ultra-morfolégicas apontaramm perda de cdlcio e fosfato da
superficie clareada (Pinheiro Jr. ef al., 1996; Lopes et al.,, 2000; McCraken & Haywood,
1996; Ruse et al., 1990).

Com o objetivo de minimizar estes efeitos, foram introduzidos no mercado agentes
clareadores com aditivos como flior ou célcio que, por estarem em solugéio supersaturada
de ions, impediriam a dissolucdo do esmalte em meio ao agente clareador (Attin et al.,,
1997; Giannini et al., 2006).

Sabe-se que o principal produto responsdvel pela ac¢do anticariogénica de agentes
tépicos de F é o fluoreto de cadlcio (“CaF?”) (Ogaard, 2001) e que a sua formagéo
depende da disponibilidade de cdlcio e flior presentes no meio bucal. Logo, o flior ndo é
o Unico elemento quimico favordvel para promover a remineraliza¢do, sendo este efeito
dependente da disponibilidade de cdlcio e fosfato no local da lesdo (Kardos et al., 1999)
ou na saliva (Schemehorn, 1999a).

O presente estudo tem como objetivo avaliar a dureza, rugosidade e concentragéo
de elementos quimicos no esmalte antes e apés a realiza¢do de clareamento com peréxido
de hidrogénio a 35%, com e sem cdlcio, bem como a utilizagdo de agentes
remineralizadores apéds o clareamento, para que, dessa forma, possa se verificar a real

necessidade de utilizagdo deste elemento quimico em associagdo ao tratamento clareador.
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CAPITULO UNICO

Evaluation of physicochemical properties of enamel after application of

different bleaching products.

ABSTRACT

This in vitro study had the objective to evaluate the physicochemical properties of
enamel after using bleaching agents containing Calcium and sequent application of neutral
fluoride or immersion in artificial saliva. Forty enamel blocks (25mm?) obtained from bovine
incisors were divided into 4 groups (n = 10): G1- 35% Hydrogen Peroxide (HP) with
calcium followed by application of 2% neutral fluoride for 2 minutes, G2 - PH 35% with
calcium and storage in artificial saliva for 7 days, G3 - 35% PH followed by application of
2% neutral fluoride for 2 minutes, and G4 - PH 35% and storing in artificial saliva for 7
days. Microhardness, roughness and chemical composition analysis by EDS were performed
on times: L1 — initial; L2 - after bleaching; and L3 after fluoride application or 7 days
immersion in artificial saliva. Data were statistically analyzed by PROC MIXED for repeated
measures followed by Tukey test (0 = 5%). Regarding the physical analysis of enamel, it
was observed that the bleaching decreased the microhardness and increased surface
roughness in a significant way. In L2, G1 and G2 presented higher microhardness compared
to G3 and G4, respectively. L3 presented higher hardness relative to L2 for all groups
tested. The groups with and without fluoride did not differ statistically for hardness (p =
0.6892) and roughness (p = 0.3169). Regarding the chemical analysis of the substrate for
Calcium in L1, there were no statistical differences between the groups tested. In L2, there
was a reduction in rates for groups G3 and G4. In L3 there were no statistically significant
differences between groups. For Phosphorus, there was no difference between groups in L1
and L2, in L3 however it was observed increase in a manner equivalent between groups. It
can be concluded that both bleaching agents, can increase enamel surface roughness.
Regarding microhardness, its reduction was smaller for bleaching with calcium, and fluoride
application or immersion in artificial saliva, after bleaching, was effective in the recovery of
baseline values.
KEYWORDS

Dental enamel, enamel bleaching.



INTRODUCTION

One of the great esthetic problems in dentistry is tooth discoloration. It has many
complex etiologic factors that are usually classified as being intrinsic or extrinsic'2. Today,
patients can have tooth bleaching done in two ways: either in-office or at home bleaching.

Manufacturers have introduced many different bleaching agents’ concentrations and
methods with the premise of “improving” the whitening effect3. As a consequence, there was
a significant increase of the variety of in-office tooth bleaching products available in the
market, which usually uses high hydrogen (15 to 40%) or carbamide (30 to 37%) peroxide
concentrations combined or not with a supplementary light source (i.e. laser, LED, halogen
lamp or plasma arc)*>,

In-office vital tooth bleaching has been used for many years in dentistry. Most tooth
bleaching procedures are safe and well-accepted for the treatment of this esthetic problem,
as they do not require any reduction in tooth structure®”.

Bleaching occurs due to the decomposition of peroxide into free radicals, which
subsequently react with the large pigment molecules, transforming them into smaller, less
pigment molecules and so the hydrogen peroxide (HP) oxidizes a wide variety of organic
compounds®?.

Problems related to tooth structure from the technique as reducing hardness and
increased roughness are presented by some authors, but there is disagreement about these
effects. Studies have shown increased porosity bleached enamel, demineralization, and even
erosion surface!011.1213,1415  Also, evidence regarding the chemical composition, physical
and mechanical properties of human enamel bleached also show contradictory
results14.15,16,17,18,19,20_

Aiming to minimize these effects, different bleaching agents containing additives
such as fluoride or calcium, being in supersaturated solution of ions, were launched on
market, and would prevent the dissolution of enamel amid the bleaching agent!821,

Considering the peroxide concentration and the composition of bleaching agents as
the main factors that can affect the enamel’s ultrastructure, the aim of the present study was
to evaluate the effects of two agents used in tooth bleaching treatments, and different ways
of remineralization methods. The null hypothesis for this study was that there were no

difference between the common agent with only hydrogen peroxide and agent containing
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calcium, and for the remineralization methods, there were no difference between fluorine

and artificial saliva for chemical composition of enamel.

METHODS AND MATERIALS

Forty bovine incisive teeth were used, which were cleaned and disinfected with
thymol (Dindmica, Piracicaba, S&o Paulo, Brazil) and submitted to an initial polishing with
pumice (SS White LTDA; Rio de Janeiro, RJ, Brazil) and water. After separating the
coronary portion by means of a double-face diamond disc (KG Sorensen, Ind. Com. Ltda.;
Barueri, SP, Brazil), enamel blocks of 25 mm? were obtained using a precision saw (Isomet
1000; Buehler, lllinois, USA) and a high-concentration diamond disc (4” X 012 X 1, Buehler,
lllinois, USA). The fragments were planned using silicon carbide emery-cloth of increasing
granulation (#400, #600 and #1200) and surface polishing with felts (TOP, RAM, and
SUPRA) (Arotec, Cotia; SP, Brazil) associated with a diamond paste of decreasing
granulation (1, 1/2 and V4 Pm), greased with a specific oil (Arotec, Cotia; SP, Brazil). The
samples were then washed for 15 min in an ultrasonic tub (Marconi, Piracicaba, Sdo Paulo,
Brazil) in order to remove any rubbish present on the enamel surfacel’>l. The specimens were
stored in distilled water at 37°C till the beginning of experiment.

Then the samples were divided into four groups (n=10) as described in table 1.

+ 1: Groups separation (n=10)

Group Type of Bleaching agent and procedure
With Ca Gl Whiteness HP Blue 35% + Fluorine 2%
With Ca G2 Whiteness HP Blue 35% + Avrtificial Saliva 7 days

Without Ca G3 Whiteness HP Maxx 35% + Fluorine 2%
Without Ca G4 Whiteness HP Maxx 35% + Artificial Saliva 7 days

The samples were initially submitted to surface roughness and Knoop microhardness
analysis. For roughness test, three readings were made as initial readings (L1) of roughness,

which were made by means of a roughness tester (Ra pattern, cut off = 0,8mm) (Mitutoyo,



Surftest 211; Séo Paulo, Brazil), at the second time (L2 — after bleaching), and at the third
time (L3 — after application of 2% fluorine or immersion in artificial saliva per 7 days). For
the microhardness test, indentations were made on the enamel surface using a Knoop
indenter with a static load of 25g for 5 seconds with a microhardness tester (HMV-2000
Shimadzu, Tokyo, Japan). Five indentations were made in the central region of each
specimen at three times: before bleaching (L1), after bleaching (L2), and after 7days of
immersion in artificial saliva or fluorine application (L3).

After initial readings, samples were randomly separated and receive the different
bleaching agents:

Groups 1 and 2 (n = 10 per group) - Application of 35% hydrogen peroxide with
calcium (Whiteness HP Blue / FGM Dental Products Ltda., Joinville, Brazil) with 1mm thickness
for 40 minutes, according manufacturer's instructions and washing with distilled deionized
water.

Group 3 and 4 (n = 10 per group) - Application of 35% hydrogen peroxide
(Whiteness HP MAXX / FGM Dental Products Ltda., Joinville, Brazil): 3 applications with
1mm thickness for 15 minutes, according manufacturer instructions interspersed by washing
with distilled deionized water.

For Groups 1 and 3, after the final washing, the specimens were submitted to 2
minutes of neutral 2% fluorine application (Maquira Industria de Produtos Odontolégicos
Ltda.; Maringd, PR, Brazil) and storage in distilled water until readings.

For the Groups 2 and 4, after final washing, they were submitted to 7 days of
immersion in artificial saliva, under daily exchanges. The artificial saliva’s composition is

presented in table 2:

Table 2: Artificial saliva’s composition.

Material Manufacturer Lot Composition

Artificial Proderma 100807 Sodium chloride (0.674g), magnesium chloride

Saliva (Piracicaba, SP, hexahydrate (0.041g), calciumchloride dihydr
Brazil) ate (0.274g), Methylparaben (1.500g),

Propilparaben (0.200g), saccharin (1.0g),
distilled water (1000,0mL), pH 6,9




To determine the chemical composition of specimen’s enamel, 4 samples from each
group and other 4 samples used as a control group (G5) were dehydrate, placed in a metal
stub under aluminum tape (3M Adhesives, Ltd., USA), subjected to vacuum in a sputter
(Balzers- SCD 050 sputter coter, Germany), wich was formed in the plasma, and a thin
layer of vaporized carbon (Carbon Yarn Part. No. YRNOO1-0001, Denton Vacuum,
Moorestown, NJ, USA) was deposited on each sample. Then, stubs containing the
specimens were placed under a scanning electron microscope (JEOL.JSM 5600LV, Tokyo,

Japan). Increases of 75x were made to obtain areas to calculate the elements rates.

STATISTICAL ANALYSIS

The data obtained were submitted to statistical analysis with PROC MIXED for
repeated measures followed by Tukey test. Control group was compared with the other
groups by the Dunnett test taking into consideration the time of evaluation. The significance
level was 5%.

After exploratory from EDS data of Calcium and Phosphorus, “2 way” ANOVA

analysis was applied. The significance level was 5%.

RESULTS

Roughness:

There were increasing in roughness values after bleaching. Fluoride application or
immersion in artificial saliva did not affect this result statistically. There was no statistical
difference between fluoride and saliva or between the bleaching agents for roughness (p =

0.3169) as show in table 3.



Table 3: Mean (standard deviation) roughness (Ra).

Treatment Time Bleaching Agents
HP Blue HP Maxx
Fluor L1 — Initial 0.33 (0.04) Ab 0.34 (0.03) Ab
L2 - After Bleaching 0.39 (0.06) Aa 0.45 (0.07) Aa
L3 - After Fluorine 0.39 (0.02) Aa 0.44 (0.04) Aa
Saliva L1 — Initial 0.33 (0.07) Ab 0.34 (0.08) Ab
L2 - After Bleaching 0.39 (0.06) Aa 0.41 (0.04) Aa
L3 - After Saliva 0.40 (0.02) Aa 0.41 (0.06) Aa

Means followed by different letters (uppercase horizontally and lowercase vertically letters
comparing time within the groups with and without Calcium) differ (p < 0.05). Differs from

the initial time (p < 0.05). There was no significant difference between the groups with and

without fluoride (p = 0.3169).

Microhardness:

Both kind of bleaching agents significantly decreased enamel microhardness. Only
after the bleaching, the agent with calcium showed higher hardness differing statistically
from bleaching without calcium. The fluorine and saliva increased enamel hardness on all

experimental conditions. There was no statistical difference between fluoride and saliva for

hardness (p = 0.6892), as show in table 4.

Table 4: Mean (standard deviation) hardness (KHN).

Treatment Time Bleaching Agents
HP Blue HP Maxx
Fluor L1 — Initial 444 4 (35.3)Ab 442.0 (27.4)Ab
L2 - After Bleaching 371.9 (21.1)Ac 346.4 (31.1)Bc
L3 - After Fluorine 475.3 (27.3)Aa 473.0 (34.4)Aa
Saliva L1 — Initial 448.9 (22.2)Ab 448.2 (34.5)Ab
L2 - After Bleaching 366.8 (15.1)Ac 347.0 (39.5)Bc
L3 - After Saliva 478.2 (34.6)Aa 480.2 (48.5)Aa

Means followed by different letters (uppercase horizontally and lowercase vertically letters
comparing time within the groups with and without Calcium) differs from the initial time (p <

0.05). There was no significant difference between the groups with fluoride application or

immersion in artificial saliva (p = 0.6892).



Energy Dispersive Spectroscopy (EDS):

PHOSPHORUS

It was observed that there was no significant difference between the groups
bleached with calcium or common (p = 0.2577). The interaction between the experimental
groups and the control group (G5) was not significant (p = 0.3976). It is observed that the
rate of phosphorus stay the same initially and after bleaching, but after fluor application or

7 days of immersion in artificial saliva the rate was higher, as shown in Table 5.

Table 5: Mean * standard deviation of Phosphorus rate.

Group Reading
L1 L2 L3
G1 28.08 £ 0.55 Ab 28.45 +0.29 Ab 28.75+0.17 Aa
G2 28.34 £ 0.41 Ab 28.21 £ 0.35 Ab 28.55 £ 0.23 Aa
G3 28.52 £ 0.32 Ab 28.41 £ 0.34 Ab 29.02 + 0.45 Aa
G4 28.43 £0.41 Ab 28.28 + 0.45 Ab 28.88 £ 0.36 Aa
G5 28.59 + 0.46 Aa 28.37 £ 0.26 Aa 28.54 £ 0.39 Aa

Means followed by different letters (uppercase vertical and lowercase horizontal letters)

differ (p < 0.05).

CALCIUM

It was observed that there was significant difference between the groups bleached
with calcium and common (p = 0.0122). The interaction between the experimental groups
and the control group (G5) was not significant (p = 0.4922). It can be observed that the
rates of calcium varied only in the group treated with common bleaching after the
completion of treatment, but the rates returned to normal levels after 7 days of immersion in

artificial saliva or fluorine application, as shown in Table 6.



Table 6: Mean * standard deviation of Calcium rate.

Group Reading
L1 L2 L3
G1 71.01 £0.45 Aa 71.64 £0.33 Aa 71.18 £0.27 Aa
G2 71.13 £0.21 Aa 71.70 £ 0.29 Aa 71.23 £0.43 Aa
G3 71.20 £ 0.38 Aa 70.74 £ 0.43 Ba 71.24 £0.28 Aa
G4 71.18 £0.20 Aa 70.28 £ 0.21 Ba 71.13 £0.36 Aa
G5 71.10 £0.25 Aa 71.41 £0.18 Aa 71.04 £0.32 Aa

Means followed by different letters (uppercase vertical and lowercase horizontal letters)

differ (p < 0.05).

DISCUSSION

In this study it was found that both bleaching agents tested reduced the
microhardness, increased roughness and altered enamel rates of Calcium and Phosphorus.
The Calcium rates, however, showed a significant decrease only after use of common
bleaching agent. Previous studies have obtained similar results with the use of hydrogen
peroxide in high concentrations, confirming the results obtained in this study for surface
roughness patterns, indicating that these bleaching substances promoted structural and
morphological changes of enamel7:19,

Microhardness tests are sensitive and capable of revealing small changes that occur
in the process of demineralization and remineralization of a substrate. Thus, the analysis of
enamel microhardness indirectly provides evidence of teeth mineral gain or loss'0. In the
present study, the reduction in values obtained with the use of bleaching implies, then, that
the observed changes in the enamel must be derived from mineral loss incurred in treatment,
even for groups submitted to bleaching with Calcium agent. In fact, other authors have
reported a reduction in the concentration of Calcium and Calcium-Phosphate relationship,
major inorganic constituents of dental tissues, after dental bleaching 17:19.22,23,24,25

The exact mechanism by which hydrogen peroxide affects the dental tissues is not
completely understood, but its deleterious effects, such as demineralization identified in this
study may be related to its own mechanism of action. Peroxide is a strong oxidizing agent

that possesses the ability to diffuse through the enamel and dentin due to its permeability
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and low molecular weight, in addition to having the ability to denature proteins, thereby
going a large ionic motion through the dental tissues!”:26,

The action of hydrogen peroxide takes place by redox process, where the
pigmented macromolecules are oxidized becoming smaller and lighter molecules?”:28:29,
However, the reaction of peroxides is nonspecific and may also act in dental matrix,
affecting the enamel and causing mineral loss'430,11,13,31,

The pH of the bleaching agent has also been related to the causes of changes in
mineral surface of bleached enamel. Rodrigues3? tested different bleaching agentes with
different pH and obtained results that suggest that this property may influence mineral loss.
Gels acids promote a propitious environment to demineralization. The reduction in the
microhardness values observed in this study may be associated with this cause, since the
common bleaching gel used present a pH more acid (6,25) than the agent with calcium
(8,13)43.

In this context of analysis and understanding the effects caused by bleaching agents
to dental tissues, the addition of calcium in the composition of the gels has been identified as
an alternative to reduce the adverse consequences. The purpose of these formulations would
increase the saturation of the gel with ions, thereby reducing the mineral loss and increasing
the resistance of enamel demineralization caused by peroxides?!.

In an attempt to establish the validity of this hypothesis, Oliveira32 conducted a
comparative study and found that, despite the addition of calcium, all bleaching agents
affected the microhardness of enamel and that the presence of this element did not prevent
mineral loss resulting from the bleaching process. In the present study, as presented, the
application of both gels had actually decreased their microhardness values. For group that
received the bleaching agent with calcium, however, this decrease was statistically lower
when compared to the other group. This result runs counter Oliveira’s study and agree to
other studies?1:3435.36 that suggests the potential benefit of the presence of calcium to tooth
enamel exposed to bleaching.

Besides the microhardness analysis, this research also analyzed the concentration of
calcium and phosphorus after bleaching and the effect of immersion in artificial saliva or
neutral fluoride application dynamics of mineral gain or loss of enamel subjected to the

action of peroxides.
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After the x-ray microanalysis by Energy Dispersive Spectroscopy (EDS), it was found
that the concentration of phosphorus in the enamel did not change after bleaching with both
bleaching agents, with no difference between them, but after 7 days of immersion in
artificial saliva or fluorine application the ranges increased. This fact may be related by the
presence of a remineralizing agent presenting different ions among then phosphorus in a
supersaturated way, favoring its precipitation in middle'8.

Considering the comparison of the effect of bleaching agents, there is the
conservative action of the bleaching agent with calcium, which caused no loss of this element
enamel after application. Cavalli3® also reported better performance of the bleaching
agent with calcium compared the concentration of this element in the tooth enamel, which can
be explained by the fact that they have neutral pH bleaching agents and make possible the
absorption of calcium by the enamel, due to ionic equilibrium occurs for the enamel
unsaturation during bleaching compared to the bleaching gel3>.

The present study, like others?4383° have done, by contrast, highlights the
remineralizing action of saliva and fluorine to restore microhardness values and rates of
calcium (after 7 days of immersion in artificial saliva) enamel. In fact, it is considered that
saliva plays an important role in the remineralization of dental tissue by the reaction of
calcium ions, phosphate and fluoride ions available with enamel37:39,

Still about the effect of bleaching agents on enamel structure and implications of the
presence of calcium in gel, the application of fluoride or saliva immersion in this dynamic,
another aspect addressed by this study was the surface roughness. There was an increase in
values after gel application, both in the group treated with calcium or without this element.
Similar consequences after bleaching were reported by other studies4041.42,

It was also found that in roughness, unlike what occurred in the microhardness,
remineralizing agents have not been able to resume their initial values according with other
study4! but disagreeing with Martin et al.#? regarding the effectiveness of fluoride. it can be
inferred that the enamel remineralization can occur irregularly, that is, the newly formed
hydroxyapatite crystals or the incorporation of different ions such fluoride or calcium lead to
obtain a roughness surface with different morphology from initial.. Thus, although it may
reduce mineral loss and promote remineralization of enamel after harmful effects caused by
the peroxide bleaching gels, the resumption of normal range of tissues is not yet clearly

demonstrated.
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The null hypothesis for this study was partially accepted cause the common agent
reduced the microhardness of enamel in a significantly different way than calcium agent,
and the concentration of calcium on enamel differ between the products tested. Besides, the
remineralization methods did not differed between themselves, being capable to restore the

initial values.

CONCLUSIONS

It can be concluded that the different bleaching agents can alter the physical-
chemical composition of enamel, but agents containing calcium can reduce the chemical
alterations. It can be also concluded, that saliva and fluor can reduce the negative effects of

bleaching., except for roughness.
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CONCLUSAO

Pode concluir-se que os diferentes agentes de clareadores podem alterar a
composicdo fisico-quimica do esmalte, mas os agentes que contém cdlcio podem reduzir as
alteragdes quimicas. Conclui-se ainda, que a imersdo em saliva artificial e aplicagdo de

floor podem reduzir os efeitos deletérios do clareamento exceto para a rugosidade.
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APENDICE

1.METODOLOGIA ILUSTRADA

1.1. DELINEAMENTO EXPERIMENTAL

As unidades experimentais foram 40 blocos de esmalte bovino. Os fatores em
estudo foram os agentes clareadores Whiteness HP Blue 35% (FGM Produtos odontolégicos
Ltda.; Joinville, SC, Brasil) e Whiteness HP MAXX 35% (FGM Produtos odontolégicos Ltda.;
Joinville, SC, Brasil) o sistema de remineralizagéo Fléor neutro 2% (Magquira Indéstria de
Produtos Odontolégicos Ltda.; Maringd, PR, Brazil) e Saliva artificial (Prodherma -
Piracicaba, Sdo Paulo Brazil). As varidveis de resposta foram a dureza Knoop pelo teste de
microdureza, a rugosidade superficial pelo teste de rugosimetria perfilométrica e a
composi¢do quimica do esmalte por microandlise de raios-x por Espectrometria de Energia
Dispersiva (EDS).

A forma de designar o tratamento as unidades experimentais foi realizada por

processo aleatério, através de sorteio.

1.2. CONFECCAO DOS CORPOS DE PROVA

Foram utilizados 40 dentes incisivos bovinos (Fig. 1A), que apds a coleta, foram
armazenados em solu¢do aquosa de timol a 0,1% (Dinémica, Piracicaba, S&o Paulo, Brasil),
tamponado. Foram entdo manualmente removidos os debris com lamina de bisturi e polidos
com tagas de borracha e pasta de pedra-pomes (SS White LTDA; Rio de Janeiro, RJ, Brasil)
e dgua. Apds este procedimento, os dentes foram armazenados em dgua destilada ate o
momento de sua utilizag¢do.

Apds separar a porgdo corondria da radicular (Fig. 1B) com auxilio de um disco
diamantado dupla face (KG Sorensen, Ind. Com. Ltda., Barueri, SP, Brasil), blocos de
esmalte de 25 mm? (Fig. C) foram obtidas utilizando cortadeira metalografica de precisdo
(Isomet 1000, Buehler, lllinois , EUA) (Fig. 2A) e um disco diamantado de alta concentragéo

(4 "X 012 X 12, Buehler, lllinois, EUA) (Fig. 2B).
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Fig. 1B

Fig. 1C

Fig. 1. Obten¢do do bloco de esmalte. 1A- Dentes incisivos bovinos; 1B- Por¢cdo corondria;

1C — Bloco de esmalte 25mm?2



Fig. 2A Fig. 2B
Fig. 2. A- Cortadeira metalografica de precisdo (Isomet 1000, Buehler, lllinois , EUA); B -

Disco diamantado de alta concentragéo (4 "X 012 X V42, Buehler, lllinois, EUA).

Os fragmentos foram planificados com lixas de carbeto de silicio de granulag¢do
crescente (#400, #600 e #1200) (Fig. 3A e 3B), e tiveram a superficie de esmalte polida
com feltros (TOP, RAM e SUPRA) (Arotec, Cotia; SP, Brasil), associados a pastas
diamantadas metalogrdéficas de granulagdo decrescente (1 and V4 dm), juntamente com o

lubrificante especifico (Arotec, Cotia; SP, Brasil) (Fig. 4).

Fig. 3A Fig. 3B

Fig. 3A- Amostra fixada em stub de acrilico; Fig. 3B- Planificacdio da amostra com lixas de

carbeto de silicio de granulagéo decrescente (#400, #600 e #1200).
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Fig. 4A Fig. 4B Fig. 4C

Fig. 4A- Discos de feltro para polimento com (TOP, RAM e SUPRA - Arotec, Cotia; SP, Brasil)
associado a pastas diamantadas metalogréficas Fig. 4B) de granulagéo decrescente (1 and
Va4 Um) lubrificadas com lubrificante vermelho para metalografia (Arotec, Cotia; SP, Brazil)

e polimento manual (Fig. 4C).

Entre cada etapa de planificagdo e polimento, bem como no final do preparo, as
amostras foram lavadas com dgua destilada em cuba ultrassdnica (Marconi, Piracicaba,
Sd&o Paulo, Brasil) para que fossem removidos quaisquer debris presentes na superficie de

esmalte.

1.3. SEPARACAO DOS GRUPOS
As amostras foram divididas em quatro grupos (G1, G2, G3 e G4, n=10) como

descrito na tabela 1.

Tabela 2: Divisdo dos grupos (n=10)

Grupo Tratamento
Gl Whiteness HP Blue 35% + Fluor 2%
G2 Whiteness HP Blue 35% + Saliva Artificial 7 dias
G3 Whiteness HP Maxx 35% + Fluor 2%
G4 Whiteness HP Maxx 35% + Saliva Artificial 7 dias

1.4. MENSURACAO DA RUGOSIDADE SUPERFICIAL
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As amostras foram submetidas a leituras de rugosidade superficial com auxilio de
um rugosimetro perfildmetro (Mitutoyo, Surftest 211; Sdo Paulo, Brasil) (Fig. 5), com o qual
foram realizadas trés mensurag¢des equidistantes para cada leitura (L1, L2 E L3), da qual

obteve-se a média aritmética.

Fig. 5. Rugosimetro perfildmetro (Mitutoyo, Surftest 211; Sdo Paulo, Brasil)

1.5. MENSURACAO DA MICRODUREZA SUPERFICIAL KNOOP

As amostras foram submetidas a leituras de microdureza superficial com auxilio de
um microdurémetro (HMV-2000 Shimadzu, Tokyo, Japdo) (Fig. 6A), com carga estdtica de
25g por 5s, com o qual foram realizadas cinco edentagdes na regido central da superficie
da amostra com disténcia de 100Um (Fig. 6B) entre cada endentagdo, em 3 diferentes
tempos: inicial (L1), apéds tratamento superficial (L2), apds imerséo em saliva artificial por 7

dias ou aplicacdo tépica de floor neutro 2% por 2 minutos (L3).

Fig. 6A Fig. 6B
Fig. 6. A- Microdurémetro (HMV-2000 Shimadzu, Tokyo, Jap&o); B - Edenta¢des na regiéio

central da superficie da amostra com distancia de 100um.
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1.6. PROCEDIMENTO CLAREADOR

Os procedimentos clareadores foram realizados da seguinte forma:

Grupos 1 E 2 (n=10 por grupo) - Aplicagcéio de peréxido de hidrogénio a 35% com
célcio (Whiteness HP Blue/FGM Produtos odontolégicos Ltda.; Joinville, SC, Brasil) em

camada de Tmm de espessura por 40 minutos, segundo instru¢des do fabricante, lavagem,

armazenagem em solugdio de dgua destilada deionizada a 37°C (Fig. 7 A e B).

Fig. 7A Fig. 7B
Fig. 7 A e B. Aplicacdo do perdxido de hidrogénio a 35% com cdlcio (Whiteness HP
Blue /FGM Produtos odontolégicos Ltda.; Joinville, SC, Brasil).

Para os grupos 3 e 4 (n=10 por grupo) - Aplicagdo de peréxido de hidrogénio a
35% (Whiteness HP MAXX/FGM Produtos odontolégicos Ltda.; Joinville, SC, Brasil) : 3
aplicagdes com Tmm de espessura por 15 minutos, segundo instrucdes do fabricante,
intercalados por lavagem com dgua destilada deionizada, lavagem final e armazenagem

em solugdio de dgua destilada deionizada a 37°C (Fig. 8).
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Fig. 8A Fig. 8B
Fig. 8. Aplicagdio de peréxido de hidrogénio a 35% (Whiteness HP MAXX/FGM Produtos
odontolégicos Ltda.; Joinville, SC, Brasil)
1.7. PROCEDIMENTO REMINERALIZADOR
Apds os procedimentos clareadores as amostras dos grupos G1 e G3 foram
submetidas a aplicagdo tépica de floor neutro 2% (Maquira Indistria de Produtos
Odontolégicos Ltda.; Maringd, PR, Brazil) pelo periodo de 2 minutos (Fig. 9). Em seguida as

amostras foram lavadas pelo periodo de 15 minutos em cuba ultrassdnica.

Fig. A Fig. 9B
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Fig. 9. Aplicagdo tépica de gel de fluoreto de sédio neutro a 2% (Maquira Indistria de

Produtos Odontolégicos Ltda.; Maringd, PR, Brasil).

As amostras dos grupos G2 e G4 foram submetidas a imersdo em saliva artificial
manipulada (Prodherma — Piracicaba, Sdo Paulo Brazil) pelo periodo de 7 dias (Fig. 10),
sob regime de troca didria da solugdo. Em seguida as amostras foram lavadas pelo

periodo de 15 minutos em cuba ultrassénica.

Fig.10. Amostra armanezada em saliva artificial.

1.8. ANALISE SEMI-QUANTITATIVA POR ESPECTROSCOPIA DE ENERGIA DISPERSIVA -
EDS

As amostras foram preparadas para a leitura em microscdpio eletrdnico de
varredura (JEOL.JSM 5600LV, Tokyo, Japdo) (Fig. 11A). Apés a desidratacdo lenta em
recipiente com silica gel durante trés dias a 40°C, os corpos de prova foram recobertos
com uma camada de carbono vaporizado (Fig. 11BC) de uma corda de carbono (Carbon
Yarn Part. No. YRNOO1-0001, Denton Vacuum, Moorestown, NJ, USA) (Fig. 11C), em

metalizador (Denton Vacuum - Desc I, Moorestown, NJ, USA) (Fig. 11D).

Fig. T1A Fig. 11B Fig. 11C



Fig. 11D

Fig. 11. A - Microscépio eletrénico de varredura; B — Amostras recobertas com carbono; C —

Corda de carbono; D — Metalizador.
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