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RESUMO ============ 

Resumo 

A utilização do peróxido de carbamida nas técnicas de clareamento dental caseiro 

vem se tornando cada vez mais freqüente nos consultórios odontológicos por ser um 

método simples e eficaz para minimizar ou remover manchas intrínsecas ou extrínsecas 

dos dentes. Devido ao íntimo contato do agente clareador com os tecidos dentais por um 

prolongado período de tempo e às características inerentes aos componentes produto, 

alterações da microdureza superficial do esmalte e dentina podem ser esperados. Desse 

modo, os objetivos deste trabalho, composto por cinco artigos científicos, foram: a) avaliar 

in vitro a microdureza do esmalte dental humano hígido submetido ao tratamento com dois 

agentes clareadores de peróxido de carbamida a 10% em diferentes tempos; b) avaliar in 

vitro a microdureza do esmalte dental humano hígido submetido ao tratamento com dois 

agentes clareadores de peróxido de carbamida a 1 0% associado à utilização de dois 

dentifrícios dessensibi1izantes em diferentes tempos e em um período pós-clareamento; c) 

avaliar in vitro a microdureza da dentina humana hígida submetida ao tratamento com dois 

agentes clareadores de peróxido de carbamida a 10% em diferentes tempos e em um 

período pós-clareamento; d) avaliar in vitro a microdureza do esmalte dental humano 

hígido submetido ao tratamento com diferentes concentrações de agentes clareadores de 

peróxido de carbamida em diferentes tempos e em um período pós-clareamento; e) avaliar 

in situ a microdureza do esmalte e da dentina hígidos e desmineralizados submetidos ao 

tratamento com um agente clareado r de peróxido de carbamida a 10%, pelo período de três 

semanas. De acordo com a metodologia utilizada, concluiu-se que diferentes agentes 
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RESUMO ============ 

clareadores com a mesma concentração apresentam diferentes efeitos sobre a microdureza 

superficial do esmalte dental humano hígido. A utilização de dentifiicios dessensibilizantes 

pode manter ou aumentar a microdureza do esmalte dental humano quando submetido ao 

tratamento com agentes de peróxido de carbamida a 10%. O peróxido de carbamida a 10% 

pode diminuir a microdureza superficial da dentina humana hígida em função do tempo; 

contudo, os valores de microdureza no período pós-clareamento são semelhantes aos 

valores iniciais devido ao efeito remineralizante da saliva artificial pelo tempo de 14 dias. 

Diferentes concentrações de peróxido de carbamida podem diminuir a microdureza do 

esmalte dental humano hígido em função do tempo, embora a saliva artificial apresente um 

efeito no aumento da microdureza no período pós-clareamento. No estudo in situ, os 

resultados sugerem que há alterações da microdureza do esmalte dental humano hígido e 

desmineralizado após o tratamento com o peróxido de carbamida a 10% pelo período de 

três semanas, embora tais alterações não ocorram para a dentina humana lúgida e 

desmineralizada. 
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ABSTRAcr======================== 

Abstract 

Nightguard vital bleaching with carbamide peroxide agent has become the most 

frequent used treatment modality for improving esthetic appearance of teeth, because of its 

effectiveness and easy application for removing intrinsic and extrinsic stains from the teeth. 

As the bleaching of vital teeth involves the direct contact of the whitening agent on the 

outer enamel surface for an extensive period of time and due to the characteristics of the 

components of the bleaching product, changes m enamel and dentin superficial 

microhardness can occur. This study, composed by five scientific articles, had the 

following objectives: a) to in vitro evaluate the microhardness of sound human enamel 

treated >Vith two 10% carbamide per oxide bleaching materiais at different time intervals; b) 

to in vitro evaluate the microhardness o f sound human enamel treated with a 10% 

carbamide peroxide agent associated with two desensitizing dentifrices at different 

bleaching times; c) to in vitro evaluate the microhardness of sound human dentin treated 

with two 10% carbamide peroxide agents at different bleaching times; d) to in vitro 

evaluate the microhardness of sound human enamel exposed to different concentrations of 

carbamide peroxide agents at different bleaching times; e) to in situ evaluate the 

microhardness o f sound and demineralized enamel and dentin submitted to treatment with a 

10% carbamide peroxide for three weeks. According to the methodology employed in these 

studies, it was concluded that different carbamide peroxide bleaching materiais with the 
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ABSTRACT============ 

same concentration have different effects on the sound human enamel superficial 

microhardness. The use of desensitizing dentifrices associated with the treatment of a 10% 

carbamide peroxide bleaching agent could maintain or enhance the human enamel 

microhardness. Ten percent carbamide peroxide bleaching agents decrease the dentin 

microhardness over time, but 14 days after the completion of the treatment, the baseline 

microhardness values are recovered due to the remineralizing effect of artificial saliva. 

Different concentrations of carbamide peroxide bleaching agents decrease the enamel 

microhardness over time, but the artificial saliva presented a remineralizing effect after 14 

days o f the completion o f the treatment, increasing the enamel microhardness. In the in si tu 

study, the treatment with !0% carbamide peroxide agent can alter the microhardness of 

sound and demineralized enamel, although it does not seem to affect the microhardness of 

sound and demineralized dentin. 
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INTRODUÇÃO=========== 

I) Introdução 

Desde a sua introdução por Haywood & Heymann, em 1989, o clareamento de 

dentes vitais com peróxido de carbamida a 10% tem sido bastante utilizado por ser um 

procedimento simples e efetivo para a remoção de manchas intrínsicas e extrínsicas 

(Haywood, 1992; Haywood, 1994). O protocolo clínico emprega a utilização do produto 

clareador em uma moldeira individual pelo período de 8 horas diárias- enquanto o paciente 

dorme - num intervalo de tempo estimado de clareamento satisfatório entre 2 a 6 semanas 

(Haywood & Heymann, 1989; Goldstein & Garber, 1995) 

Diferentes produtos e sistemas de clareamento dental foram introduzidos desde 

1989, tais como a utilização em consultório do peróxido de hidrogênio a 35%, peróxido de 

carbamida a 37% e dos produtos chamados over the counter1(Haywood, 1992; Haywood & 

Robinson, 1997). Entretanto, o peróxido de carbamida parece apresentar maior efetividade 

(Christensen, 1998; Russell & others, 1996) e segurança (Berry, 1990; Curtis & others, 

1996'; Curtis & others, l996b), além da aprovação da American Dental Association (ADA) 

para alguns produtos na concentração a 10% (Haywood, 1993; Haywood & Robinson, 

1997). Variações da técnica também foram apresentadas, incluindo a utilização do peróxido 

de carbamida nas concentrações entre 15 a 22% (Leonard, Sharma & Haywood, 1998; Oltu 

& Gurgan, 2000). O carbopol e a glicerina aumentam a aderência do agente clareador sobre 

1 over-the-counter é um termo em inglês que se refere aos produtos para clareamento dental que estão 
disponíveis aos pacientes sem a necessidade de controle supervisionado pelo cirurgião dentista. São também 
chamados de produtos sobre a prateleira. segundo Baratieri (comunícação pessoal). 
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INTRODUÇÃO======================= 

a estrutura dental e permitem um maior tempo de liberação do componente ativo 

(Haywood, 1994; McCracken & Haywood, 1995). 

Uma vez que o procedimento de clareamento vital envolve o contato direto entre a 

superficie das estruturas dentais com o agente clareador por um prolongado período de 

tempo, muitos estudos têm avaliado os efeitos do peróxido de carbamida a 10% sobre a 

micromorfologia superficiaL Nas análises de microscopia eletrônica de varredura, foram 

observadas alterações em esmalte (Ben-Amar & others, 1995; Bitter, 1998; Bitter & 

Sanders, 1993; Emst, Marroquin & Willershausen-Zonnchen, 1996; Flaitz & Hicks, 1996; 

Josey & others, 1996; McGuckin, Babin & Meyer, 1992; Shannon & others, 1993; Smidt & 

others, 1998; Zalkind & others, 1996) e em dentina (Zalkind & others, 1996), com a 

presença de poros com diâmetros aumentados, erosões e rugosidade superficiaL 

Entretanto, não somente a micromorfologia dos tecidos dentais pode ser afetada 

pelos agentes clareadores. Alterações do conteúdo mineral do esmalte e da dentina devem 

ser avaliadas devido às propriedades ácidas desses materiais (Ben-Amar & others, 1995; 

Emst & others, 1996; Leonard, Bentley & Haywood, 1994; Murchinson, Charlton & 

Moore, 1992; Smidt & others, 1998; Zalkind & others, 1996) Perda do conteúdo mineral 

ou desmineralização altera a microdureza do esmalte e da dentina (Featherstone & others, 

1983; Rotstein & others, 1996), apesar da presença da saliva, de fluoretos ou de outras 

soluções remineralizantes serem capazes de manter o equilíbrio entre os processos de 

desmineralização e remineralização. 

Alguns estudos in vitro mostram alterações da microdureza e do conteúdo mineral 

do esmalte após a exposição aos agentes clareadores de peróxido de carbamida (McCracken 
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INTRODUÇÃO=========== 

& Haywood, 1995; McCracken & Haywood, 1996; Rotstein & others, 1996; Smidt & 

others, 1998). Attin & others (1997) observaram que, mesmo com o uso concomitante de 

uma solução para bochecho fluoretada ou de verniz fluoretado, uma significativa 

diminuição dos valores de microdureza foi encontrada. Nos capítulos I e IV, os trabalhos 

"Effects of 10 % carbamide peroxide bleaching materiais on enamel microhardness'' e 

"Effects of seven carbamide peroxide bleaching agents on enamel microhardness at 

different time intervals" foram realizados com o objetivo de se avaliar o efeito do peróxido 

de carbamida sobre a microdureza do esmalte dental hígido. O efeito da associação de 

agentes dessensibilizantes durante e após a aplicação do agente clareador foi verificado no 

capítulo li, com a condução da pesquisa "Effects of ten percent carbamide peroxide 

bleaching agent associated with desensitizing dentifrices on enamel microhardness at 

different time intervals ''. 

Avaliações da microdureza da dentina também foram realizadas por Nathoo, 

Chmielewski & Kirkup (1994), mostrando não haver alterações da microdureza ao se 

utilizar o peróxido de carbamida a 10%. Entretanto, Pécora & others (1994) e Rotstein & 

others ( 1996) observaram significativas alterações da microdureza e do conteúdo mineral 

da dentina ao se utilizar tais agentes clareadores. Nesse sentido, o trabalho "Effects of two 

10% carbamide peroxide bleaching agents on dentin microhardness at different time 

intervals" foi conduzido para averiguar o efeito do peróxido de carbamida a 10% sobre a 

microdureza da dentina hígida, apresentado no capítulo III. 

O efeito desses materiais clareadores sobre lesões Iniciais de cárie também é 

desconhecido, uma vez que o diagnóstico da lesão precoce de cárie é dificil ou não 
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INTRODUÇÃO=========== 

interpretável pela maioria dos cirurgiões dentistas. Além disso, o efeito remineralizante da 

saliva, a presença de fluoretos na cavidade bucal e o controle de placa realizado pelo 

paciente podem interferir na degradação e nos efeitos do peróxido de carbamida. Desse 

modo, um estudo in situ intitulado " The effect oj 1 O % carbamide peroxide on the 

microhardness oj sound and demineralized enamel and dentin 'in situ "·' foi realizado para 

se avaliar o efeito de um agente clareador sobre a microdureza do esmalte e da dentina 

hígidos e desmineralizados quando inseridos na cavidade bucal, sendo apresentado na 

capítulo V. 

Apesar de estudos laboratoriais não substituírem as condições clínicas do meio bucal, 

estudos in vitro e in situ devem ser conduzidos por permitirem a verificação de algumas 

propriedades dos tecidos dentais mineralizados de uma maneira mais exeqüível e menos 

onerosa. 
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PROPOSIÇÃo============ 

II) Proposição 

Este trabalho, composto por cinco artigos científicos, apresentou como objetivo 

geral avaliar a microdureza de tecidos dentais hígidos e desmineralizados submetidos ao 

tratamento com agentes clareadores de peróxido de carbamida através de modelos de 

estudo in vitro e in situ. Os objetivos específicos foram avaliar a microdureza: 

A) do esmalte dental humano hígido submetido ao tratamento in vitro com dois 

agentes clareadores de peróxido de carbamida a l 0% em diferentes tempos; 

B) do esmalte dental humano hígido submetido ao tratamento in vitro com dois 

agentes clareadores de peróxido de carbamida a 10% associado à utilização de 

dois dentifrícios dessensibilizantes em diferentes tempos e em um período pós

clareamento; 

C) da dentina humana hígida submetida ao tratamento in vitro com dois agentes 

clareadores de peróxido de carbamida a 10% em diferentes tempos e em um 

período pós-clareamento; 

D) do esmalte dental humano hígido submetido ao tratamento in vitro com 

diferentes concentrações de agentes clareadores de peróxido de carbamida em 

diferentes tempos e em um período pós-clareamento; 

E) do esmalte e da dentina hígidos e desmineralízados submetidos ao tratamento in 

situ com um agente clareado r de peróxido de carbamida a 10%, pelo periodo de 

três semanas. 
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Capítulo I========== 

Effects of two 10 % percent carbamide peroxide bleaching 

materiais on enamel microhardness at different time interva/s 

AMERICAN JOURNAL OF DENTISTRY, V. 14, n.2, p. 67-71. 2001. 

JOSÉ AUGUSTO RODRIGUES/ ROBERTA TARKANY 8ASTING/ MôNICA CAMPOS SERRA/ ANTONIO 

LUIZ RODRIGUES JR 
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=========== CAPÍTULO r=========== 

Abstract 

Purpose: The objective of this in vitro study was to evaluate the enamel microhardness treated with 

two different 1 O" /o carbamide peroxide bleaching materials at different time intervals. Materiais CU1d 

Methods. Two bleaching agents were analyzed: Opalescence I Ultradent (OPA) and Rembrandt I 

Den-Mat Corporation (REM). The control group ( COi\1) consisted o f dental fragments rnaintained 

in artificial saliva. Bleaching agents were accomplished for eight hours per day and stored during 

the remaining diary time in an individual recipient with artificial saliva. Microhardness testing was 

performed before the initial exposure to the treatrnents and afier 1, 7, 14, 21, 28, 3 5 and 42 days in 

the enamel tissue. Results: The Analysis of Variance, followed bv the Bartlet and Tukey tests, 

showed significant differences for treatments (p < 0.00001) from the seventh to the forty-second 

day. From the seventh to the fourteenth day, OPA presented an increase of enamel microhardness 

over time while REM presented a decrease of microhardness. Statistical differences were not found 

between REM and the control group (OPA> CON =REM} From the twenty-first to the thirty-fifth 

day, enamel fragments bleached with OPA and REM presented a decrease of microhardness. 

Statistical differences of microhardness were verified among ali the treatments (OPA > CON > 

REM). On the forty-second day, statistical differences were not found between OPA and the control 

group, but they were found between REM and the control group (OPA= CON > RRl\1.). The 

polynomial regression showed an increase of microhardness for OPA until the twenty-first day, 

followed by a decrease of microhardness up to the forty-second day. A decrease of microhardness 

for REM bleaching agent was verified. Conclusions: There were alterations in enamel 

microhardness as a function o f bleaching time when using the two different 1 O" /o carbamide 

peroxide whiteners. Over a 42-day treatment time, bleaching with REM agent caused a decrease in 

enamel microhardness. The OPA agent initially increased the microhardness, then returned to the 

controllevel. Different bleaching materiais \Vith the same concentration of carbamide peroxide have 

different effects on the enamel. 

Clinicai significance: The potential effects caused by bleaching with I O" /o carbamide peroxide 

agents on the tooth structure must be known by dentists. The effects of bleaching agents on the 

enamel microhardness over time are important parameters to evaluate if a demineralization process 
. . 
Isoccumng. 
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CAPÍTULO I============ 

Introduction 

In the past decades, the demand for conservative aesthetic dentistry has dramatically 

grown and so has the rapid development of new nonrestorative treatments for discolored 

teeth(l) Frequently, vital teeth present changes in color that substantially compromise the 

smile. As nightguard vital bleachingC1
) has gained popularity with patients and dentists as a 

conservative technique to lighten natural teeth, laboratories have rapidly introduced 

bleaching products into the market(2
) Many o f the newer systems contain 10% carbamide 

peroxide(H) with carboxypolymethylene polymer as a thickening agent to improve tissue 

adherence and allow for a time or sustaíned release o f the whitening agentes) The original 

technique involves the application of the bleaching agent in a custom-fitted vinyl 

nightguard for 6 to 8 hours a night from 2 to 6 weeks(6
) 

The exact mechanism of bleaching is unclear. It is an oxidation reaction whereby 

the 10% carbamide peroxide in the presence of saliva releases 3% o f hydrogen peroxide 

(which penetrates enamel and dentin to lighten the tooth) and 7% urea_ The hypothesis of 

bleaching is that as the oxidizing agent diffuses through the interprismatic substance of the 

enamel, the highly pigmented carbon ring compounds are opened and converted into 

chains, which are lighter in color. Ideally, this is the point (the saturation point) at which 

whitening should be terminatedc7
_s) As the bleaching of vital teeth involves the direct 

contact o f the whitening agent on the outer enamel surface for an extensive period of time, 

many studies have evaluated the potential adverse effects of these carbamide peroxide 

agents_ Ben-Mar et a/(9
), Bitter ( 1992) (lO)' Bitter (1998) (ll)' Bitter & SandersC!2), Covington 

et ai. ( 1990) (13), Covington et ai. (1991) (!4
), Flaitz & Hicks (7), Josey et al. (151

, McGuckin et 

15 



CAPÍTULO I============ 

a!. <16
l, Shannon et a!. <17

l and Zalkind et al. <18
l reported changes in enamel surface 

morphology using SEM analysis with varying degrees of surface porosity and alteration. 

On the other hand, Emst et at.<19
l, Haywood et al. (1990) (ZOJ and Haywood et a!. (1991) <21

) 

showed no significant changes in surface morphology of human enamel using SEM 

evaluations. 

Enamel microhardness evaluations after exposure to 10% carbamide peroxide under 

a variety of in vítro conditions have been reported<2223
·
24

) Furthermore, a combined in 

vitro-in vivo study<17
l demonstrated an increase in enamel microhardness due to a possible 

remineralization phenomenon of saliva. McCracken & Haywood (1995i25
l, McCracken & 

Haywood (1996f26l and Rotstein et al.<27
l showed that teeth exposed to 10% carbamide 

peroxide lost calcium. Loss of mineral content from the outer tooth structure or 

demineralization alters enamel microhardness<28
•
29

l, even though saliva, fluorides or other 

remineralizing solutions can maintain the equilibrium between the phenomena of 

demineralization and remineralization. 

The lack of conclusive evidence of the effects of bleaching agents on enamel 

microhardness suggests the need for additional research. Little is known about the long 

term consequences o f bleaching agents on the enamel surface and the influence o f saliva as 

a function o f bleaching time on human enamel treated with different 10% carbamide 

peroxide materiais. 

Therefore, the purpose of this in vítro study was to evaluate the enamel 

microhardness treated with two different 10% carbamide peroxide materiais at different 

bleaching times. 
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Materiais and methods 

1) Experimental design 

The factors under study were: 

A) "Treatment" at three leveis: Opalescence I Ultradent, Rembrandt I Den-Mat 

Corporation (experimental group) and artificial saliva (contra! group ); 

B) "Time" at eight leveis O, 1, 7, 14, 21, 28, 35 and 42 days. 

The experimental units consisted of 63 dental fragments, randomly and evenly 

assigned to the three different treatments. The experimental group was treated with the 

bleaching agents 8 h per day while the contrai group remained in artificial saliva. Repeated 

measurements of microhardness were taken from each specimen at specific times. 

The response variable was microhardness evaluated quantitatively. With "time" an 

independent variable, it was possible to obtain a response-surface curve by means of linear 

models(JO) The study diagram is illustrated in Figure 1. 

2) Preparation ofthe dental fragments 

Twelve unerupted third molars freshly extracted were used. After extraction, the 

teeth were kept in 2% forma1dehyde (pH 7.0). The teeth were submitted to a soft-tissue 

debridement with periodontal curettes and cleaned with a slurry of pumice stone in a 

webbed rubber cup in a slow-speed handpiece. The roots were removed approximately 2 to 

3 mm apical to the cementoenamel junction. The crowns were sectioned longitudinally to 

obtain dental slabs (4mm x 4mm x 3mm) using a double-faced diamond disc, producing 63 

dental fragments. 

17 
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The dental fragments were individually embedded in polystyrene resin in a ring 

mold, allowing only one si de of the dental fragment left unsealed by the polystyrene resin. 

The specimens were serially polished by means o f 400, 600 and I 000 grade sandpaper. 

These procedures were conducted to form parallel planar surfaces for the microhardness 

tests. 

An uniform 7mm2 area of exposed enamel was created on the spec1mens by 

covering the remaining dental fragment with a nail varnish. The specimens were randomly 

allocated to the "treatment" groups (n = 21). 

3) Specification of the bleaching materiais 

Two commercial bleaching agents were investigated: Opalescence (batch number: 

2HQB/ Ultradent Co, South Jordan, UT, USA) and Rembrandt (batch number: 001059200/ 

Den-Mat Corporation, Santa Maria, CA, USA). These materiais are ADA approved, 

syringe delivered l 0% carbamide peroxide base glycerin gel and do not contain fluoride. 

4) Exposure of the dental fragments to the bleaching materiais 

The specimens in the experimental group were treated with the bleaching agents 8 h 

per day for a total42 days, by covering the dental fragments with 0.02 ml of each bleaching 

materiaL After the bleaching period, the carbamide peroxide gel was removed under 

running deionized and distillated water. During the remaining diary time, the fragments 

were individually kept in 20 ml of artificial saliva. 
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The specimens in the control group were kept in 20 ml of artificial saliva 24 h per 

day. The artificial saliva was daily changed after washing the dental fragments under 

running deionized and distillated water. During these cycles, the experimental and control 

specimens were kept in humid atmosphere at 3 7° C. The artificial saliva used was proposed 

by Featherstone et a/(31), as described by Serra & Cury02) 

5) Microhardness tests 

Microhardness measurements were performed before the initial exposure to the 

treatments and after 1, 7, 14, 21, 28, 35 and 42 days. The tests were conducted immediately 

following 8 hours of bleaching for the experimental groups. For the control groups, the 

dental fragments were removed from the storage and tested just before changing the 

artificial saliva. 

Knoop microhardness was measured keeping the long ax1s of the diamond 

perpendicular to the outer enamel surface using a microhardness tester (Future Tech 

Corporation- FM-1 e, Tokyo, Japan). Three indentations at each specimen were made with 

50g load applied for 20 seconds at each time. The microhardness measurements were taken 

on the subsurface enamel from the cut section of each dental fragment with each 

indentation randomly located 100, 200 and 3 00 11m from the outer enamel surface to the 

enamel-dentin junction. Those since there were multiple tests times ( eight test times o f 

three indentations in each time), the distance between each indentation were 20011m from 

the occlusal to the cervical surface. One single indentation was measured only one time. 

The average o f the three indentations was used as the value for each time period. 
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6) Statistical analysis 

The statistical analysis considered the average of those three replicates in 

micrometers taken from each specimen, in each time. The average of the three indentations 

in each dental fragment was used to obtaín the Knoop Hardness Number (KHN) by the 

following calculation: 

KHN = 14.23 X 103 
X F 

d2 

where F is the value of the applied load (in g) and d is 

the diagonal indentation (in J.011 ). 

Statistical ana1ysis usmg the Analysis of Variance (ANOVA) for completely 

randomly design was employed, considering "treatment" in each "time". The method of 

decomposition of sum of square followed by Tukey test was applied for get pairwise 

comparisons among "treatmenf' in each "time". The data were analyzed by software 

STATA(STATA Software, Computing Resource Center, Santa Mônica, CA, USA)(JJ). 

Results 

The ANOV A showed no significant differences for "treatment" up to the first day, 

but showed significant differences (p = 0.000) from the seventh to the forty-second day. 

Table 1 shows mean values for microhardness, number of specimens, standard deviation 

and the Analysis of Variance (Al~OVA) for the control and experimental groups. Tukey 

test is also shown in table 1. 

On the seventh and fourteenth days, there were not statistical differences in 

microhardness among the enamel fragments submitted to the bleaching with REM and the 
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control group. Enamel fragments bleached with OPA presented the highest values of 

microhardness within this period. 

Statistical differences of microhardness were verified among ali the treatments from 

the twenty-first to the thirty-fifth day. Enamel specimens bleached with OPA presented the 

highest values of microhardness, followed by the control group and the fragments bleached 

withREM. 

On the forty-second day, there were no statistical differences in microhardness 

among the enamel fragments submitted to the bleaching with OPA and the control group 

due to a decrease of microhardness of the specimens treated with OPA Specimens 

bleached with REM differed from the others, presenting the lowest values of 

microhardness. 

Linear regression was used to verify "time" factor (log-scale) in each "treatment". 

The mathematical model and the comparisons among the mean Knoop hardness for each 

bleaching material or artificial saliva in each time are presented in figure 2. The control 

group did not present significant differences in microhardness as a function of time, being 

represented as a constant function (Y = 224. 77). 

The linear regression illustrated the mathematical models that express the 

microhardness of the dental fragments o f the control and experimental groups as a function 

o f time. An increase in microhardness was noticed in the enamel fragments bleached with 

OPA up to the twenty-first day, followed by a decrease of microhardness up to forty-second 

day. For the control group specimens kept in artificial saliva, there were no significant 

differences ofmicrohardness as a function oftime (represented by a constant function). The 
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enamel fragments bleached with REM presented a decrease o f microhardness as a function 

oftime. 

Discussion 

Despite the beneficia! effects on home-applied whitening agents in reducing or 

eliminating stains, the findings in the current study pose certain concerns with both 

carbamide peroxide gels evaluated. Many researchers have reported that changes in enamel 

surface are evidene·9·
10·1u 2·13

·
14·15·16·17

·
18) Although surface morphology was not a factor 

studied in this experiment, both positive and negative alterations in enamel microhardness 

were found with both products evaluated as a function ofbleaching time. 

In the original protocol prescribed by Haywood & Heymann(ll, the average time 

recommended for optimal change color is 6 weeks, although slight effects may be noted as 

early as 2 weeks. Some manufacturers, however, instructed dentists to allow patients to use 

their own discretion to determine the duration o f treatment, stating that "the product should 

be used until the desired result is achieved"(12) 

By means o f microhardness tests, the mineral pro file o f the enamel resulting from a 

demineralization and remineralization process could be obtained(28) 

D . 1. . f 1 . . 1 H f 5(28 31 34) I " emmera 1zat10n o ename structure occurs at a cntJCa p o 5. · · ·. n 1act, 

the bleaching agent Rembrandt with a low pH between 4.9 to 5.2'17) induced a decrease of 

the microhardness values as compareci to the control group from the twenty-first day to the 

forty-second day due to demineralization. The results of this investigation show that REM 

can cause a demineralization effect on enamel surface. Significant alterations of enamel 
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surface micromorfology were also observed by Shannon et a/071 when usmg REM 

bleaching agent for four weeks. Haywood et al_c20l, however, affirmed that other 10% 

carbamide peroxide solutions in vitro did not cause any significant changes in enamel 

surface morphology, regardless of pH leveis. The present study employed storage in 

artificial saliva which contains calcium and phosphate ions that increase the 

remineralization potential and may approximate this condition to that found in oral 

. (31323'36) I · 'bl h h · 1· · "" b d env1ronment · · -- . t 1s poss1 e t at t e remmera 1zat10n euect was not o serve 

because the intact enamel is less receptive to remineralization than demineralized 

enamelc34) Furthermore, it was pointed out that a moderate low-pH bleaching solution in 

vivo reduces the pH of saliva in the mouth during the first 5 minutes and that after 15 

minutes of treatment, the pH increases above baseline, probably attributed to the chemical 

reactíons o f neutralization o f acidic carbamide peroxide by saliva (S) A crucial shortcoming 

o f this study is that we do not have exactly a measurement o f the pH products. Also crucial 

to the clinicai application of this data is that the pH in the mouth may rise(SJ as cited above, 

but we neither know what the pH in this study does during 8 hours application, nor if the 

pH o f the bleaching products behaves similarly. 

As thís study did not evaluate the microhardness in a post-bleaching period, with a 

potential for remineralization, it cannot demonstrate that the reported decrease in 

microhardness is a significantly clinicai relevant problem that persists following the active 

bleaching phase. A recovery toward pretreatment microhardness values might be expected. 

Important factors such as salivary flow, buffering capacity of saliva, oral hygiene (ll) and 
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the use of topical fluorides 037
l may increase remineralization of bleached enamel. So, a 

remineralization effect could well be expected in vivo. 

On the other hand, enamel fragments treated with OPA, with a pH reported between 

5.5 to 6.5c9
•
18

'
19

'
23

l, presented an increase of microhardness as a function of bleaching time 

until the twenty-first day. After this period, there was a decrease of microhardness but not 

inferior to the microhardness found in the control group. lt was also observed that, on the 

forty-second day, there were no statistical differences of microhardness between the 

specimens bleached with OPA and the control group. Murchison, Charlton and Mooré22
l 

also showed no statistical differences in pre- or postbleaching microhardness values for 

OPA using artificial saliva as a storage agent. A significant decrease o f hardness was found 

by Smidt et al. (Z3
) for OPA product after 16 days. The present study used a longer period of 

bleaching time corresponding clinically with the prolonged time used by the patients. We 

can also point out that remineralization and demineralization processes are occurring during 

the entire evaluation time. Clinically speaking, the use of this bleaching material for 6 

weeks does not cause an increase in tooth demineralization. The small decrease in enamel 

microhardness observed from 28 days through 42 days in this investigation could be the 

result achieved by the saturation point in bleaching. In this study, the decrease in 

microhardness did not seem to be enough to injure the enamel matrix because this decrease 

was not significantly different from the control group at the end of the experiment. It is 

unknown if more time had been spent to bleach the teeth with OPA - e.g. when patients 

want an "over" whitening - if a certain degree of damage could be achieved by affecting 

the enamel microhardness and surface morphology. This emphasizes that at-home 
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whitening agents require professional supervision to ensure correct selection of the 

bleaching agent, proper application, recommended amount of gellpaste, length o f treatment 

and steps to prevent adverse reactions(7
) 

Conclusions 

Even thought products have the same I O % concentration o f carbamide peroxide, 

other compositional factors of materiais may alter their effects on tooth structure. In this 

study, one product caused an increase in microhardness while another caused a decrease as 

compared a control group. 
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Table 1: Mean values for microhardness, standard deviation (SD), number of specimens 

and the Analysis of Variance (A,'JOVA) for control and experimental groups. Tukey test 

(represented by the letters) compared the factor "treatments" in each "time" (the subsets are 

specific for separate days). 

Control Group Experimental Group 
Time Measures p 

Artificial Saliva OPA REM 

Mean a 217,6 a 224,1 a222,6 

o SD 39,2 50,4 50,9 0,8959 
n 21 20 20 

Mean a 233,7 a 239,8 a 218,8 

1d SD 62,3 42,7 53,8 0,4586 
n 21 19 20 

Mean a 219,5 b 303,6 a 177,3 

7d SD 48,1 49,5 38,0 0,0000 
n 21 20 20 

Mean a 204,1 b 287,4 a 166,0 

14d SD 42,6 52,2 41,9 0,0000 
n 21 20 21 

Mean b 222,7 c 303,2 a 162,1 

21d SD 41,2 47,42 32,4 0,0000 
n 20 20 20 

Mean b 216,9 c 279,5 a 134,3 

28d SD 36,4 33,68 35,1 0,0000 
n 21 20 20 

Mean b 208,7 c 272,6 a 122,3 

35d SD 39,2 37,01 47,5 0,0000 
n 21 20 21 

Mean b 215,9 b 255,4 a 130,8 

42d SD 44,0 35,28 52,4 0,0000 
n 21 20 21 

E qual superscript letters horizontally indicate mean values that are not significantly 

different. 
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Figure 2: Mean Knoop microhardness for enamel fragments bleached with 

Opalescence, Rembrandt and for the control group as a function of time and the 

mathematical model. 

33 



Capítulo 11=========== 

Effects of ten percent carbamtde peroxtde bleaching agent 

associated with desensitizing dentifrices on enamel 

microhardness at different time intervals 

ENVIADO PARA PUBLICAÇÃO PARA AMERICAN JOURNAL OF DENTISTRY 

ROGÉRIO DE OUVEIRA,· ROBERTA TARKANY 8ASTING,' JOSÉ AUGUSTO RODRIGUES/ ANTONIO 

LUIZ RODRIGUES JR,· MÔNICA CAMPOS SERRA 

35 



========================CA~TULOir======================== 

Effects of ten percent carbamide peroxide bleaching agent associated 

with desensitizing dentifrices on enamel microhardness at different time 

intervals 

Rogério de OLIVEIRA1
; Roberto Tarkany BASTING2

; José Augusto 

RODRIGUES2
; Antonio Luiz RODRIGUES Jr.3

; Mônica Campos SERRA4 

1 - DDS, Master of Science Student, Department of Restorative Dentistry, School of 

Dentistry, University ofCampinas (ill'.'ICAMP), Piracicaba, SP, Brazil. 

2 - DDS, MS, Masters of Science, Clinicai Dental Science, Department of Restorative 

Dentistry, School of Dentistry, University of Campinas (lTNICAMP), Piracicaba, SP, 

Brazil. 

3 - DDS, MS, ScD, Professor, Department of Community Dentistry, School of Dentístry, 

University Júlio de Mesquita (lJJ\.'ESP), Araraquara, Brazil. 

4 - DDS, MS, Associate Professor, Department of Restorative Dentistry, School of 

Dentistry, University ofCampinas (UNICAMP), Piracicaba, SP, BraziL 

* Correspondence and reprint requests should be sent to: 

Mônica Campos Serra 

F acuidade de Odontologia de Ribeirão Preto - USP 

Departamento de Odontologia Restauradora- Dentística 

Avenida do Café, s/ n° 

CEP 14040-904 Ribeirão Preto - SP BRAZIL 

Telephone 55-16-602-4075 

E-mail: mcserra@forp.usp.br 

FAX 55-16-633-0999 

37 



===========CAPÍTULO rr=========== 

Abstract 

Purpose: The aim of this in vitro study was to evaluate the microhardness of enamel 

submitted to the treatment o f a I 0% carbamide peroxide agent associated with two 

desensitizing dentifrices at different bleaching times. Materiais and methods: A I 0% 

carbamide peroxide bleaching agent was evaluated - Rembrandt 10%/ Den-Mat 

Corporation (REM) - and a placebo agent was used as a control group (PLA). The 

bleaching and the placebo agents were applied to the human enamel dental fragments for 

eight hours per day, followed by immersion for 5 minutes in a slurry solution of 

desensitizing dentifrices: Sensodyne/Stafford-Miller (S) or Sensodyne Fluor/Stafford

Miller (SF). During the remaining time, the enamel fragments were individually stored in 

13.5 ml of artificial saliva. Knoop microhardness measurements were performed at 

baseline, 8 hours, 7, 14, 21, 28, 35 and 42 days oftreatment and at 7 and 14 days of a post

treatment period. Results: The Analysis of Variance and Tukey test showed no differences 

in enamel microhardness for REM+ SF (p-value=0.0688) and PLA + SF (p-value=0.9265) 

within each time intervaL The dental fragments treated with REM + S and PLA + S showed 

an increase in microhardness values within each time interval (p-value<O.OOOI). There 

were significant differences among the treatment agents from the twenty-eighth day to 

fifty-sixth day. The use of 10% carbamide peroxide bleaching agent associated with a 

desensitizing dentifrice significantly increased the enamel microhardness values during the 

bleaching treatment and after 14 days after the completion o f the treatment After the post

treatment period, the enamel fragments treated with a placebo agent and with a 10% 

carbamide peroxide agent associated with a desensitizing fluoride dentifrice maintained the 

baseline values. 

Clinicai Significance: The use of desensitizing dentifrices associated with the treatment of a 

10% carbamide peroxide bleaching agent could maintain or enhance human enamel 

microhardness. 
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lntroduction 

Nightguard vital bleaching has become the most frequently used treatment modality 

for improving the esthetic appearance of teeth, primarily because of its relative ease of 

application, the safety of 10% carbamide peroxide bleaching materiais, reduced time with 

the patient in-chair, the lower cost and the high percentage of successful treatments1
. 

The mechanism of bleaching is not clear, but it consists of an oxidation reaction of 

10% carbamide peroxide that in contact with saliva and the oral fluids is dissociated into 

7% urea and 3% hydrogen peroxide. The hydrogen peroxide diffuses through enamel and 

dentin and releases free radicais that can break the pigmented carbon rings of high 

molecular weight into smaller molecules which are lighter in color2 

As the bleaching involves the direct contact o f the whitening agent on the surface of 

the teeth for an extensive period oftime and due to the acidic properties o f these products3
-

8, many studies have evaluated the potential adverse effects o f these carbamide peroxide 

agents on the physical and chemical structure of the enameL In vitro evaluations have 

reported alterations in microhardness 7' 
9

'
12 and in the micromorphology of the enamel after 

exposure to I 0% carbamide peroxide3
· 
4

· 
7

· 
8

-
13

'
18 

Microhardness changes are related to a loss or gain o f mineral ( demineralization or 

remineralization) of the dental structure19 The first defense mechanism capable of 

neutralizing the acids brought about by the low pH of the bleaching agents is the saliva 

buffering capacity through bicarbonates that provides a dilution and neutralization of the 

acids20 
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However, the side effects of the use of bleaching agents cannot be related only to 

the physical and chemical structure of the teeth, but also to the development of tooth 

sensitivity1
' 

21
. Occasional tooth sensitivity associated with nightguard vital bleaching is 

attributed to the passage of the hydrogen peroxide through the enamel and dentin to the 

pulp, resulting in mild irritationL 2L 22 This ceases on termination of the treatment and can 

be modulated by the use of anti-inflammatory or pain medications, fluorides or 

desensitizing materiais in the bleaching tray and by desensitizing dentifrices1 

Desensitizing dentifrices, as well as fluoride dentifrices, seem to be a practical and 

efficient method for reducing tooth sensitivitl3
-
26

· 
27

· 
28 Due to the components of the 

dentifrices, an obliteration of the dentin tubules can be obtained26
· 

28
-
30 The presence of 

fluorides in desensitizing dentifrices also act as a therapeutic agent27
' 

28 that can maintain 

the equilibrium between demineralization and remineralization processeses31 The use of 

desensitizing dentifrices associated with the bleaching treatment with 10% carbamide 

peroxide agents seems to be important in avoiding tooth sensitivity and the 

demineralization o f the enamel during the bleaching period. 

The purpose o f this in vitro study was to evaluate the microhardness o f the enamel 

submitted to the treatment o f a I 0% carbamide peroxide agent associated with two 

desensitizing dentifrices during the bleaching treatment at different times and at a post

treatment period. 
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Materiais and methods 

1. Experimental design 

The factors under study were: 

1) Treatment agents (four leveis): Rembrandt 10% + Sensodyne (REM + S), 

Rembrandt 10% + Sensodyne Fluor (REM+ SF), placebo agent + Sensodyne (PLA + S), 

placebo agent + Sensodyne Fluor (PLA + SF). 

2) Time (ten leveis): baseline, 8 hours, 7, 14, 21, 28, 35, 42 days oftreatment and at 

7 and 14 days of a post-treatment period (corresponding to 49 and 56 days after the 

beginning ofthe treatment). 

The experimental units consisted of 80 sound human enamel dental fragments, 

randomly and evenly assigned to the four different treatment agents (20 dental fragments 

per group). The Knoop microhardness response was evaluated by quantitative methods. 

Repeated measurements of Knoop microhardness were taken on the surface of each 

specimen at each time interval for a Split-Plot design. 

2. Preparation of the dental fragments 

Eighty freshly extracted non-erupted third molars were used. After extraction, the 

teeth were kept in 10% formaldehyde (pH 7. 0). The teeth were submitted to a soft-tissue 

debridement with periodontal curettes and cleaned with a slurry of pumice stone in a 

webbed rubber cup at a low motor speed (Kavo do Brasil, Joinville, SC, Brazil, 89221-

040). The roots were removed approximately 2 to 3 mm apical to the cement-enamel 

junction. The crovms were longitudinally sectioned to obtain the dental fragments using 
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double-faced diamond discs (K.G.Sorensen, Barueri, SP, Brazil) at a low motor speed 

(Kavo do Brasil, J oinville, SC, Brazil). The fragments that presented stains o r cracks after 

the observation on a stereomicroscope at 30x (Meiji Techno EMZ Seríes, Saitama, Japan) 

were discarded. The size ofthe fragments was required to be larger than 4mm x 4 mm x 3 

mm. 

Eighty dental fragments were obtaíned and embedded individually in a self-curing 

polyester resin in a PVC ring mold of2.0 em in diameter, wíth the externai surface ofthe 

enamel exposed. The resin was left to polymerize for 24 hours, the molds were removed 

and all the externa! surfaces of the dental fragments were leveled by a water -cooling 

mechanical grinder (Maxgrind/ Solotest, São Paulo, SP, Brazil) Aluminum oxide discs 

were used in a sequential granulation o f 400, 600 and I 000 grít (Carborundum/ 3M do 

Brasil Ltda., Sumaré, SP, Brazil) refrigerated wíth water. The polishing was performed 

with polishing cloths (Arotec Ind. e Com. Ltda., Cotia, SP, Brazíl) and diamond pastes of 6, 

3, I and Y4 ~m (Arotec Ind. e Com. Ltda., Cotia, SP, Brazil) refrigerated wíth mineral oi! 

(Arotec Ind. e Com. Ltda., Cotia, SP, Brazil). The polishing was considered satisfactory 

when there were no scratches on the dental surface after observation on a stereomicroscope 

at 30x (Meiji Techno EMZ Seríes, Saitama, Japan). These procedures were conducted to 

form parallel planar surfaces for the Knoop microhardness tests. 

A uniform area of 9mm2 (3mm x 3 mm) of exposed enamel was created on the 

specimens by covering the remaining dental fragment with 2 coatings of nail varnish 

(Colorama/ CEIL Com. Exp. Ind. Ltda., São Paulo, SP, Brazil). Afterwards, the eighty 

42 



========================CA~TULOII======================== 

specimens were randomly distributed to the four treatment agents, with 20 dental fragments 

for each group_ 

3. Spectjication of the materiais 

A 10% carbamide peroxide bleaching agent recognized by the American Dental 

Association (ADA)32 was evaluated: Rembrandt 10%/ Den-Mat Corporation. The pH levei 

of the bleaching agent was measured by using a pH meter (Procyon, SA 720, São Paulo, 

SP, Brazil, 04530-970). 

The control group consísted o f a placebo agent prepared with carbopol and glycerin. 

The color and consistency of the placebo agent was similar to the bleaching agent, but it 

was pH neutra! and had no carbamide peroxide. Table 1 presents the composition, batch 

number, pH levei and the manufacturer ofthe bleaching and placebo agents_ 

Sensodyne/ Stafford Miller and Sensodyne Fluor/ Stafford Miller were used as 

desensitizing dentifrices. Table 2 presents the composition, batch numbers and the 

manufacturer of the desensitizing dentifrices. 

4. Exposure of the enamel fragments to the treatment agents 

Previous to the treatment period, an individual tray was manufactured for each 

specimen using a 0.4 mm thick flexible ethyl vinyl acetate (EVA) polymer (Bio-Art Equip_ 

Odontológicos Ltda., São Carlos, SP, Brazil, 13568-000) in a vacuum forming machine 

(P7/ Bio-Art Equip. Odontológicos Ltda., São Carlos, SP, Brazil, 13568-000). 

43 



=======================CA~TULOII======================= 

The enamel fragments were submitted to the treatment with the bleaching or the 

placebo agents for 8 hours per day for a period of 42 days. During the treatment period, 

O. 02 ml o f each agent were applied to each specimen using a syringe. The specimens were 

individually covered with the tray and soaked in individual closed containers with 13.5 ml 

of artificial saliva (pH=7.0), at 37" C. The artificial saliva consisted of a remineralization 

solution that was proposed by Featherstone et al. 20 and modified by Serra and Cury33 After 

8 hours, the specimens were taken away from the storage media and the trays were 

removed. The treatment agents were washed from the surface of the enamel fragments 

under running distillated and deionized water for 5 seconds. 

A 1:3 (w/w) dentifrice slurry of each desensitizing dentifrice in distillated and 

deionized water was made fresh within 30 minutes of each use. The specimens were 

individually immersed in 13.5 ml of slurry for 5 minutes and washed under running 

distillated and deionized water for 5 seconds. 

During the remaining time (16 hours per day), the fragments were maintained in 

individual closed containers with 13.5 ml of artificial saliva (pH=7.0), at 37° C that was 

changed daily. 

5. Post-treatment phase 

After the 42 day treatment period, the specimens were maintained in their individual 

containers with 13.5 ml of artificial saliva (pH=7.0) at 37"C which was changed daily. The 

bleaching and the placebo agents were not applied, but the treatment with the desensitizing 

dentifrices continued for 14 days. 
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6. Microhardness tests 

Microhardness measurements were performed before the initial exposure to the 

treatments (baseline values) and after 8 hours, 7, 14, 21, 28, 35 and 42 days and also at 7 

and 14 days after the completion o f the treatment period ( corresponding to 49 and 56 days 

after the initial application of the treatment agents). A K.noop indentor was used, keeping 

the long axis o f the diamond parallel to the outer enamel surface in a microhardness testing 

machine (Future Tech- FM-le, Tokyo, Japan, 140). Three indentations on each specimen 

were made with a load of25g applied for 5 seconds. 

7. Statistical analysis 

For the statistical analysis, the average of the three Knoop Hardness Numbers was 

taken. Statistical analysis was made by a parametric method using the Analysis of 

Variance, in a "Split-Piot" design (repeated measurements at the same experimental unit). 

The Tukey test (a=0.005) was used to compare the differences among treatment agents 

in each time interval at a 5% leve! of significance. 

Results 

Table 3 shows the mean Knoop microhardness values, standard deviation and the 

clusters to identify significant differences among the experimental treatments at each time 

interval. The Analysis of Variance (ANOV A) and Tukey test showed significant 

differences for REM + S and PLA + S (p-value<O. 0001 ), but no differences in 
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microhardness for REM + SF (p-value=0.0688) and PLA + SF (p-value=0.9265) within 

each time intervaL The use o f a desensitizing dentifrice associated with a 10% carbamide 

peroxide bleaching agent o r with a placebo agent increases the microhardness values o f the 

enamel fragments overtime. Tukey test showed significant differences among the treatment 

agents from the twenty-eighth day to fifty-sixth day. Figure 1 shows the mean Knoop 

microhardness values o f each treatment agent at different time intervals. 

Discussion 

Sensitivity caused by the bleaching treatment may be related to the easy passage of 

the hydrogen peroxide to the pulp, resulting in a reversible pulpitisL 2L 22 Increased 

concentrations of carbamide peroxide, more frequent applications and the reduced water 

content o f the bleaching agent may increase the si de effect o f tooth sensitivity, which is the 

major deterrent to bleaching successL 21 The occurrence of severe sensitivity may result in 

terrnination oftreatment by the patient prior to successful outcome1 

A more important result of these observations is the option for the treatment with 

10% carbamide peroxide, whích can reduce the chances o f developíng tooth sensítívíty by 

reducing the concentration of the bleaching material. When teeth are to be whitened, it 

would be prudent to use a product and a technique that are as efficacíous as possible but 

cause mínima! side effects. Lower concentrations of carbamide peroxide agents would 

result in fewer side effects than the gels with higher concentrations while providing a 

similar shade changé4 
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Carbamide peroxide bleaching agents with a lower pH also have been implicated in 

the development of side effects by possibly removing minerais from the tooth35 

Practitioners would not want to enhance the esthetic appearance o f their patient' s smile at 

the risk of developing tooth sensitivity and demineralizing enamel - which occurs at a 

criticai pH of 5.520 

In this study, Rembrandt was used as a 10% carbamide peroxide bleaching agent. It 

contains carbopol and glycerin and the pH was 6. 19. Others studies also reported that 

Rembrandt has a pH levei ranging from 4.9 to 6.8 13
• 

36 showing that this product presents 

acidic properties. The acidic properties o f 10% carbamide peroxide bleaching agents and 

the presence o f glycerin and carbopol can affect the physical and chemical structure o f the 

13 4 7-18 d h j d h · · · I 22 3' ename · · an t ese components are re ate to toot sens1tlv1ty · · -. 

Among the methods of decreasing sensitivity during the whitening process 1, 

desensitizing dentifrices present certain advantages due to their frequency of application, 

cost and availability to the patients23
• 

25
• 

27
'
29 Although the decrease of tooth sensitivity 

during the bleaching treatment can only be assessed by in vivo studies, in vitro observations 

can be conducted to evaluate the effects of desensitizing dentifrices on dental structure 

submitted to the treatment with bleaching agents. It is possible that desensitizing dentifrices 

can help to inhibit the loss o f mineral caused by the pH o f 10% carbamide peroxide agent, 

the presence of carbopol and glycerin and the prolonged contact time between the agent and 

the enamel since they contain some components - strontium chloride, potassium nitrate or 

others- that could increase the enamel microhardness values. 
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A decrease in surface enamel microhardness and loss of mineral after the treatment 

with 10% carbamide peroxide bleaching agents has been demonstrated by McCracken and 

Haywood9
, Rotstein et a!. 10 and Smidt et aC. However, the effects of saliva or a 

remineralization solution and the use of dentifrices were not evaluated in these studies. 

The use of artificial saliva during the bleaching treatment with Rembrandt 10% was 

evaluated in a previous studi2 An initial decrease in enamel microhardness and a final 

increase of its values after 42 days was observed, showing that REM causes 

demineralization on enamel surface. However, the microhardness in a post-bleaching 

period, with a potential for remineralization, was not evaluated. It could not be 

demonstrated if the reported decrease in microhardness persists following the bleaching 

period. A recovery toward pretreatment microhardness values might be expected because 

important factors - such as saliva and the use of dentifrices - may increase remineralization 

o f bleached enamel. Although Murchinson et a/6 also used artificial saliva in their study, 

no statistical differences in pre- or postbleaching Knoop microhardness values for enamel 

treated with three bleaching agents and the control group (no treatment) were reported. 

In this study, the microhardness of the enamel surface in a post-bleaching period 

and the concomitant use of desensitizing dentifrices during and after the bleaching 

treatment were evaluated when submitting human enamel fragments to 1 0% carbamide 

peroxide agent (REM). A desensitizing fluoride dentifrice was used as a control group to 

provide comparisons with the effects of a desensitizing dentifrice without fluoride. 

Immediately after the application of the treatment agents for 8 hours, there was a slight 

decrease in microhardness values that could be related to some mineral loss. The 
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remineralization effect can be verified during and after the treatment period. There was a 

significant increase in the microhardness values for the enamel treated with Sensodyne after 

28 days and no significant differences in microhardness for the enamel treated with 

Sensodyne Fluor. 

The desensitizing dentifrice without fluoride (Sensodyne) caused a significant 

increase in microhardness for REM and PLA. Sensodyne has 1 0% strontium chloride as an 

active ingredient that unites with the dental structure and occludes the lumen of dentin 

tubules37 It is also probable that strontium chloride or other components of Sensodyne 

could increase the enamel microhardness values or react wíth the sub-products of the 

carbamide peroxide reaction, enhancing the microhardness over time. 

In this in vitro experiment, the most remarkable finding was that the Sensodyne 

Fluo r used daily for 6 weeks in association with 10% carbamide peroxide bleaching agent 

or with a placebo agent did not increase the enamel microhardness as Sensodyne dentifríce 

did. Attin et ai. 11 reported a decrease o f the enamel mícrohardness values duríng bleachíng 

treatment, even with the concomitant use of a fluoride mouthrinse solution and a fluoride 

varnish that are concentrated, high in fluoride materiais. The use of fluoride dentifrices 

favors the formation of a calcium fluoride-like layer that is !ater dissolved, allowing 

fluoride to diffuse into the underlying enamel or saliva covering the tooth, supporting the 

remineralization of enameeL 3
8. 

39 However, as Sensodyne Fluor presents sodium fluoride 

as the actíve ingredient, it is also possible that this unstable component40 reacted with the 

products of the degradation of the carbamide peroxíde, inhibiting the remineralizatíon 

potential of the fluoride and the increase of the enamel microhardness. The effects of 
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toothbrushing were not evaluated in this study and it is also possible that it could enhance 

the uptake o f particulate material onto the dental surface as shown by Absi et a!. 30
, 

increasing the enamel microhardness. 

Although there were differences in microhardness values when using Sensodyne 

dentifrice associated with a bleaching agent, these differences represent an increase in 

microhardness values over time that do not damage the enamel structure. When associating 

Sensodyne Fluo r dentifrice, the bleaching treatment with 10% carbamide peroxide agent 

does not decrease the enamel microhardness. 

Conclusions 

The use o f I 0% carbamide peroxide bleaching agent associated with a desensitizing 

dentifrice significantly increased the enamel microhardness values during the bleaching 

treatment and after !4 days after the completion ofthe treatment. After the post-treatment 

period, the enamel fragments treated with a placebo agent and with a 10% carbamide 

peroxide agent associated with a desensitizing fluoride dentifrice maintained the baseline 

values. 
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Table !: Composition, batch number, pH leve! and the manufacturer of the 

bleaching and placebo agents. 

Agents Composition* pH/eve/ Manufacturer 

Rembrandt 1 O% 
10% carbamide peroxide; g1ycerin; 

Den-Mat Corporation, 
batch number sodium citrate; carbopol; flavor; 6.19 

Santa Maria, USA 

567708 
triethanolamine 

Mixed formula, Proderma -
P/acebo 5% glycerin; 1.2% carbopol 940 7.0 

Pharmacy, Piracicaba, Brazil 

* According to the manufacturer. 
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Table 2: Composition, batch numbers and the manufacturer of the desensitizing 

dentifrices. 

Dentífríces 

Sensodyne 

Sensodyne 

Fluor 

Batch 

numbers 

003004; 

003005; 

909001 

912027; 

002038 

Composítíon 

10% strontium chloride; distilled water; 

glycerin; Miij; flavoring; paraben; sodium 

saccharine; titanium dioxide; silicon dioxide; 

sorbitol; calcium carbonate; cellosize; igpon; DC 

28 red coloring. 

5% potassium nitrate; sodium fluoride (1450 

ppm); distilled water; sodium bicarbonate; 

glycerin; hydrated silica; silicon dioxide; sodium 

lauril sulfate; flavoring; cellosize; titanium 

dioxide; sodium saccharine. 
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Manufacturer 

Stafford-Miller Ind. 

Ltd., 

Rio de Janeiro, RJ, 

Brazil 

Stafford-Miller Ind. 

Ltd., 

Rio de Janeiro, RJ, 

Braz i! 
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Table 3: Mean Knoop hardness numbers (KHN), standard deviation and the results 

ofthe Tukey test ata 5% levei of significance of each treatment agent at each time interval. 

Time Measures 
Placebo Rembraudt 

S (n=20} SF (n=20} S !n=20~ SF !n=20) 

baseline 
mean A 101.79 a A 90.28 a A 94.25 ab A 78.82 a 

SD 38.86 73.50 73.97 44.74 

8 hours 
mean A 80.76 a A 81.34 a A 53.35 a A 67.88 a 

SD 45.85 67.25 24.42 40.50 

7 days 
mean A 82.19 a A 89.00 a A 68.46 a A 71.47 a 

SD 34.55 76.83 43.92 51.68 

14 days 
mean A 98.07 a A 72.28 a A 87.45 a A 65.87 a 

SD 46.57 48.12 57.03 24.80 

21 days 
mean A 100.12 a A 69.18 a A 105.29 ab A 80.05 a 

SD 40.35 41.89 77.60 46.18 

28 days 
mean AB 102.35 a A 70.26 a B 120.46 bc AB 85.05 a 

SD 44.33 36.59 64.44 40.95 

35 days 
mean AB 105.54 a A 73.60 a c 153.91 c A 98.87 a 

SD 63.27 39.07 86.01 32.88 

42 days 
mean A 110.45 a A 72.93 a B 163.03 c A 104.23 a 

SD 54.33 37.22 119.03 36.68 

49 days 
mean A 118.76 a A 80.50 a B 181.95 c A 103.54 a 

SD 53.67 42.76 76.91 41.77 

56 days 
mean B 129.10 a A 76.00 a c 208.34 d AB 103.97 a 

SD 63.43 38.22 79.43 33.87 

• Equalletters indicate mean values that are not significantly different. 

• Capital letters (on the left) represent the experimental treatment comparisons in each 

time (line); lower cases (on the right) represent the time comparisons in the same 

experimental treatment ( column). 
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Figure 1: Mean Knoop microhardness values of each treatment agent at different 

time intervals. 
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Abstract 

Objectives: The purpose of this in vitro study was to evaluate the microhardness of the 

human dentin exposed to two I 0% carbamide peroxide agents at different bleaching times. 

Method and Materiais: Opalescence I 0%/ Ultradent (OPA) and Rembrandt I 0%/ Den-Mat 

Corporation (REM) were analyzed. A placebo agent was used as a control group (PLA). 

The bleaching and the placebo agents were applied on the surface of human dentin dental 

fragments for 8 hours and then stored in individual recipients with artificial saliva for the 

remaining time each day. Microhardness testing was performed at baseline, 8 hours, 7, 14, 

21, 28, 35 and 42 days ofthe treatment and at 7 and 14 days of a post-treatment period. 

Results: The Analysis of Variance (ANOVA) and Tukey test showed differences in 

microhardness values for dentin treated with OPA, REM and PLA within each time interval 

(p<O.OOOI). There was a decrease in the microhardness values for both bleaching agents 

after 8 hours of treatment. Fourteen days after the completion of the treatment, the 

microhardness values for dentin surface treated with OPA and REM reached the baseline 

values, although the dental surface treated with PLA showed an increase in microhardness 

values at a post-treatment period. Conclusions: Ten percent carbamide peroxide bleaching 

agents decrease the dentin microhardness over time, but 14 days after the completion o f the 

treatment in artificial saliva storage, the baseline microhardness values are recovered. 

Key words: carbamide peroxide, bleaching agents, dentin, microhardness, hydrogen 

peroxide. 
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Clinicai relevance: The 10% carbamide peroxide bleaching agents alter the dentin 

microhardness, but 14 days after the completion of the treatment, the artificial saliva 

presented a remineralizing effect. 

Introduction 

Nightguard vital bleaching has been suggested as an efficient and simple procedure 

in removing intrinsic and extrinsic stains from the teeth . L 
2
· 

3 

Different products and systems have appeared on the market for in-office use such 

as 35% hydrogen peroxide or as over-the-counter products2 However, 10% carbamide 

peroxide bleaching agents are still the most utilized at-home bleaching technique, supported 

by severa! reports oftheir safety and effectiveness and by ADA approval.4.5 

As the bleaching o f vital teeth in volves the direct contact o f the whitening agent on 

the outer enamel surface for an extensive period of time6 and reaches the dentin in areas o f 

enamel defects or abrasions, exposed root surfaces, and the marginal areas between dentin 

and restorations, many studies have evaluated the potential adverse effects of these 

carbamide peroxide agents. When using SEM evaluations, changes in enamee· 8• 
9

• 
10

' !L 
12

· 

13
• 

14 15
• 

16 and in dentin surface morphology 16 were reported. 

Due to the acidic property of the bleaching agents, 7
• 

10
· 

15
· 

16
· 

17
' 

18 changes in the 

mineral content of the teeth can be expected. Loss of mineral content o r demineralization 

alters enamel and dentin microhardness, 19
· 

20 even though saliva, fluorides or other 

remineralizing solutions can maintain the balance between the phenomena of 

demineralization and remineralization. 
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Some in vitro studies reported that there were no significant changes in enamel 

microhardness when using 10% carbamide peroxide agents, 18
· 

2
1. 

22
· 

23 although others 

observed a decrease in microhardness values or mineral loss when using these bleaching 

15 20 24 25 26 27 I b. d · · · · d · · 1 agents. · · · · · n a com me m vztro-m vzvo stu y, an mcrease m ename 

microhardness was demonstrated dueto a possible remineralization by saliva. 14 

In dentin, Nathoo et a/22 showed that there are no microhardness changes, although 

Pécora et a/28 and Rotstein et ae0 showed significant alterations in the microhardness and 

mineral content when using 10% carbamide peroxide agents. Since the observations in 

dentin are still controversial, there is a need for additional research o f the effects o f 10% 

carbamide peroxide bleaching agents on dentin microhardness at different time intervals. 

The aim of this paper was to evaluate in vitro the dentin microhardness when 

exposed to two 10% carbamide peroxide bleaching materiais and a placebo agent for 42 

days o f treatment and at 7 and 14 days o f a post-treatment period. 

Method and materiais 

I. Experimental design 

The factors under study were: 

I) Treatment agents in three leveis - Opalescence 10%/ Ultradent (OPA), 

Rembrandt 10%/ Den-Mat Corporation (REM), and a placebo agent (PLA) as a control; 
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2) Time: in ten leveis- baseline, 8 hours, 7, 14, 21, 28, 35,42 days oftreatment and 

at 7 and 14 days at a post-treatment period ( corresponding to 49 and 56 days after the 

beginning ofthe treatment). 

The experimental units consisted of 60 sound human dentin dental fragments, 

randomly and evenly assigned to the three different treatment agents (20 dental fragments 

per group ). Knoop microhardness response was evaluated by quantitative methods. 

Repeated measurements of Knoop microhardness were taken on the surface of each 

specimen at each time intervals considering a Split-Plot design. 

2. Preparation of the dental fragments 

Thirty freshly extracted non-erupted third molars were used. Immediately after 

extraction, the teeth were kept in 10% formaldehyde (pH 7.0). The crows were removed 

approximately to the cementoenamel junction and the roots were longitudinally sectioned 

to obtain 60 dental fragments using double-faced diamond discs (K. G. Sorensen, Barueri, 

SP, Brazil, 06454-920) ata low motor speed (Kavo do Brasil, Joinville, SC, Brazil, 89221-

040). The apical third was discarded and only the cervical region was used. Care was taken 

not to leave the dental fragments dehydrated for a long period o f time and then they were 

soaked in distilled and deionized water at 3 7" C. 

The dental fragments size was required to be larger than 4mm x 4 mm x 3 mm and 

those fragments that presented stains or cracks after the observation on stereomicroscope at 

30x (Meiji Techno EMZ Series, Saitama, Japan, 3 56) were not used. The 60 dentin 

fragments were embedded individually in a self-curing polyester resin in a PVC ring mold 
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of2.0 em in diameter, with the externai surface ofthe dentin exposed and the resin was left 

to polymerize for 24 hours. The molds were removed and the externai surfaces o f the dental 

fragments were leveled by a water-cooling mechanical grinder (Maxgrind/ Solotest, São 

Paulo, SP, Brazil, 01328-000). Aluminum oxide discs were used in a sequential granulation 

of600, 1000, and 1200 grit (Carborundurn! 3M do Brasil Ltda., Sumaré, SP, Brazil, 13001-

970) refrigerated with water. These procedures were conducted to form parallel planar 

surfaces for the Knoop microhardness tests. 

A standardized area of 9mm2 (3mm x 3 mm) of exposed dentin was created on the 

specimens by covering the remaining dental fragment with two coatings of nail varnish 

(Colorama/ CEIL Com. Exp. Ind. Ltda., São Paulo, SP, Brazil, 05113-900). 

3. Specification of the materiais 

In this study, two 10% carbamide peroxide bleaching agents were evaluated: 

Opalescence 10%/ lJltradent and Rembrandt 10%/ Den-Mat Corporation. The control 

group consisted of a placebo agent prepared with carboximethilcelulose and glycerin. The 

color and consistency of the placebo agent was similar to one of the bleaching agents 

( Opalescence 10%/ Ultradent ), but the placebo was pH neutra! and had no carbamide 

peroxide. 

Table 1 presents the basic composition, lot number, pH leve! and the manufacturer 

of each treatment agent. 
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4. Exposure oj the dental jragments to the bleaching materiais 

The dentin fragments were submitted to the treatment agents (experimental and 

control) for 8 hours per day for a period of 42 days. 

An individual tray was manufactured for each spec1men usmg a 0.4 mm thick 

flexible ethyl vinyl acetate (EVA) polymer (Bio-Art Equip. Odontológicos Ltda, São 

Carlos, SP, Brazil, 13568-000) in a vacuum forming machine (P7/ Bio-Art Equip. 

Odontológicos Ltda., São Carlos, SP, Brazil, 13568-000). 

For the application of the treatment agents, 0.02 m1 of each agent were applied to 

each specimen using a syringe. The specimens were individually covered with the tray and 

soaked in individual closed containers with 13.5 m1 ofartificial saliva (pH=7.0), at 37° C. 

After 8 hours, the specimens were taken away from the storage media and the trays 

were removed. The treatment agents were washed from the surface ofthe dentin fragments 

under running distillated and deionized water for 5 seconds. 

During the remaining daily time (16 hours per day), the fragments were maintained 

in individual recipients wi.th 13.5 ml of artificial saliva (pH=7.0), at 37" C The artificial 

saliva was daily changed. The artificial saliva used a remineralization solution proposed by 

Featherstone et al29 and modified by Serra and Cury30 

5. Post-treatment phase 

After the 42 day treatment period, the specimens were maintained in their individual 

containers with 13.5 ml of artificial saliva (pH=7.0), at 37°C which was daily changed. 
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Microhardness tests were performed at 7 and 14 days after finishing the comp1etion of the 

treatment period (49 and 56 days after the beginning ofthe treatment). 

6. Microhardness tests 

Microhardness measurements were performed before the initial exposure to the 

treatments (baseline values) and after 8 hours, 7, 14, 21, 28, 35 and 42 days and also at 7 

and 14 days at a post-treatment phase (corresponding to 49 and 56 days after the initial 

application of the treatment agents). A Knoop indentor was used, keeping the long axis of 

the diamond parallel to the dentin surface in a microhardness testing machine (Future Tech 

- FM-1 e, Tokyo, Japan, 140). Three indentations on each specimen were made with a load 

o f 1 Og app1ied for 5 seconds at each time. 

7. Statistical analysis 

For the statistical analysis, the average of the three Knoop Hardness Numbers was 

taken. Statistical analysis was made by a parametric method using the Analysis of 

Variance, in a Split-Plot design (repeated measurements at the same experimental unit). 

The Tukey test (u=0.005) was used to compare the differences among treatment agents in 

each time interval at 5% levei of significance. 
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Results 

Graph 1 and Table 2 shows the mean Knoop microhardness values of each 

treatment agent at different time intervals and the results of the Tukey test at a 5% levei of 

significance. 

The Analysis ofVariance (Al'!OVA) and Tukey test showed significant differences 

for each treatment agent within each time interval (p-value<O.OOOl). Since the Tukey test 

verified significant differences in microhardness values among the treatment agents at 

baseline, comparisons between PLA and OPA, OPA and REM and PLA and REM within 

each time interval were not carried out. 

There was a decrease in the microhardness values of dentin treated with OPA and 

REM during the treatment period, although the baseline values were reached after 14 days 

o f the completion o f the treatment. For PLA, the microhardness values for dentin remained 

the same during the treatment period and there was an increase above baseline values in a 

post -treatment period. 

Discussion 

The chemistry of the carbamide peroxide bleaching agents is based upon its ability 

to generate free radicais, which are highly reactive. These free radicais - the hydrogen 

peroxide- are non-specific, extremely unstable, and can potentially react not only with the 

pigmented carbon rings,6 but with other organic molecules to achieve stability. Other 

radicais can be generated and breakdown o f the organic matrix can occur21 
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For enamel, severa! studies were conducted to evaluate the potential effects o f I 0% 

carbamide bleaching agents. 14. 15. 1s. 20, 21. 22. 23. 24. 26,27 

The findings of this in vitro investigation shows that human dentin exposed to two 

I 0% carbamide peroxide bleaching agents presents a decrease in the microhardness values 

over time. Pécora et al28 also showed a decrease in microhardness values when applying a 

I 0% carbamide peroxide agent on dentin for 72 hours and Rotstein et a/20 observed a 

significant reduction in the mineral content after immersing the dentin in the three I 0% 

carbamide peroxide agents and incubating for 7 days. Immediately after the application of 

OPA and REM for 8 hours, there was a significant decrease in microhardness values that 

could be related to some mineral loss. Although the dental fragments were immersed in 

artificial saliva during the application o f the bleaching agents, it was not enough to allow a 

remineralization effect during the first 8 hours of the treatment period. However, the 

artificial saliva should be enough to provi de the dissociation o f the bleaching agents due to 

the results obtained in this experiment. The remineralization effect was verified in the post

treatment period, when there was a significant increase in the microhardness values that 

reached the baseline values. 

Comparisons between each treatment agent within each time interval could not be 

carried out probably due to the methodology employed in this experiment. Differences in 

the diameter of the dentina! ducts along the extension of the root and the procedures of 

leveling and polishing the dentin surface could be responsible for significant differences in 

microhardness values at baseline. 
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The pH of 10% carbamide peroxide bleaching agents is reported to range from 4.6 

to 7.47
• 

10
• 

13
• 

15
• 

16
· 

17
• 

18 In our study, the pH of the bleaching agents was 6.68 for OPA and 

6.19 for REM, showing that the products evaluated present acidic properties that could 

affect the physical and c hem i cal structure o f the dentin. The major concem o f this property 

is the dentin demineralization, which occurs at a pH lower than 6.5, while for enamel it is 

5.519.29 

These acidic properties o f the bleaching agents could be responsib !e for decreasing 

the dentin microhardness during the treatment period. Leonard et a/. 17 pointed out that a 

moderately Jow-pH bleaching solution in vivo reduces the pH of saliva in the mouth during 

the first 5 minutes. After 15 minutes of treatment, the pH increases above baseline, 

probably attributed to the chemical reactions of neutralization of acidic carbamide peroxide 

by saliva. Although OPA and REM did not present a very low pH levei, there was a 

significant decrease in dentin microhardness values. However, when using a placebo agent 

during the same period, there were no differences in dentin microhardness until the 42nd 

day of treatment. The placebo agent consisted of a neutra! pH glycerin and 

carboxypolymethylene polymer solution and was considered a better choice to adequate the 

contrai group, providing equal hydration o f the samp les. Glycerin and 

carboximethilcelulose are inactive ingredients and the manufacturers do not make any 

claims about the action of those products. However, in a enamel microhardness evaluation 

comparing two I 0% carbamide peroxide bleaching agents with and without carbopol, 

McCracken and Haywood24 showed a significant decrease in microhardness in the outer 25 

lliD of the enamel surface after the treatment with the product containing carbopol. This 
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Continuing education 

Choose the correct item for each question: 

1) T en percent carbamide peroxide bleaching agents: 

a) decrease the enamel and dentin microhardness during the treatment period; 

b) alter the pH of the dental structure; 

c) increase dentin microhardness over time; 

d) increase dentin microhardness over time depending on the amount of carbopol 

and glycerin ofthe bleaching agent used. 

Mark true (T) or false (F) for each questíon: 

2) Changes in dentín microhardness when using I 0% carbamide peroxide agents are 

related to: 

a) (T) pH ofthe bleaching agent; 

b) (T) the presence of carbopol and glycerin; 

c) (T) the presence o f remineralizing solutions o r saliva; 

d) (F) the presence of fluoride incorporated into the structure of dentin. 

3) Ten percent carbamide peroxide agents associated with the use o f remineralizing 

solutions, as artificial saliva, can affect dentin by: 

a) (T) decreasing the microhardness during the treatment period; 

b) (F) increasing the microhardness after exposing dentin in artificial saliva for 8 

hours; 
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c) (F) increasing the microhardness during the treatment period; 

d) (T) increasing the microhardness in a post -treatment period. 

4) A recovery of the initial microhardness values of dentin after the treatment with 

10% carbamide peroxide bleaching agents is related to: 

a) (T) the use of a remineralizing solution; 

b) (F) the use of an individual tray that could dissociate the bleaching agent; 

c) (F) the diameter o f the dentina! ducts; 

d) (F) the presence of glycerin and carbopol in the bleaching agents. 
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Tables 

Table 1: Basic composition, lot number, pH levei and the manufacturer of each 

treatment agent. 

TREATMENT AGENTS COMPOSITION pH MANUFACTURER 

OPALESCENCE 10% (OPA) 

1 O% carbamide peroxide; 6.68 Ultradent Products 
(regular) 

carbopol; glycerin; flavoring lnd, Utah, USA 

(lot n" 393N) 

REMBRANDT 1 O"A (REM) 
10% carbamide peroxide; 

Den-Mat 

(regular) 
glycerin; sodium cítrate; 

6.19 Corporation, 

(lot n• 567708) 
carbopol; flavor; 

Santa Maria, USA 
triethanolamine 

Mixed formula, 

5% glycerin; 1.2% carbopol Proderma-
PLACEBO (PLA) 7.0 

940 Pharmacy, 

Piracicaba, Brazil 
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Table 2: Mean Knoop microhardness values, standard deviation (SD) and number of dentin 

fragments for each treatment agent at different time intervals. The T ukey test compareci the 

differences among each time interval at 5% levei of significance. 

Time Measures Placebo Opalescence Rembrandt 

baseline mean 9.97 ab 12.91 bc 1603 c 
SD(n) 4.06 (20) 5.94 (20) 8.30 (20) 

8 hours mean 6.00 a 7.68 a 7.24 a 
SD(n) 1.47 (20) 2.99 (20) 2.58 (20) 

7 days mean 9.36 ab 10.48 abc 10.31 ab 
SD(n) 3.74 (20) 3.20 (20) 2.62 (20) 

14 days mean 8.16 ab 7.75 a 8.10 a 
SD (n) 3.66 (20) 3.13 (20) 2.31 (20) 

21 days mean 7.29 ab 7.82 a 7.22 a 
SD(n) 2.61 (19) 2.45 (20) 1.97 (20) 

28 days mean 9.82 ab 8.00 ab 7.87 a 
SD (n) 239 (20) 2.55 (20) 2.31 (20) 

35days mean 10.93 abc 9.82 abc 5.98 a 
SD(n) 3.63 (20) 4.57 (20) 2.26 (20) 

42 days 
mean 10.34 abc 9.50 abc 6.39 a 
SD (n) 3.46 (20) 3.18 (19) 2.13 (18) 

49 days mean IJ.77 bc 9.32 abc 6.91 a 
SD(n) 4.81 (20) 410 (19) 2.82 (20) 

56 days mean 14.80 c 13.74 c 13.34 bc 
SD (n) 4.60 (20) 4.91 (20) 3.90 (20) 

-, Equalletters indicate mean values that are not significantly different. 

);o- Lower cases represent the time comparisons for the same treatment agent. 
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Knoop Hardness 
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Graph 1: Mean Knoop microhardness o f the dentin fragments treated with the 

different agents at different time intervals. 
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Summary 

The purpose of this in vitro study was to evaluate the microhardness of human 

enamel exposed different concentrations of carbamide peroxide agents at different 

bleaching times. Seven bleaching agents were analyzed: Nite White 10% Excell Discus 

Dental (NW10); Nite White 16% Excel! Discus Dental (NW16); Nite White 22% Excel/ 

Discus Dental (NW22); Opalescence 10%/ Ultradent Products (OPAIO); Opalescence PF 

20%/ Ultradent Products (OPA20); Rembrandt 15%/ Den-Mat Corporation (REM15) and 

Nupro Gold/ Dentsply (NGl 0). A placebo agent was used in a control group (PLA). The 

bleaching and the placebo agents were applied on the surface of human dental fragments 

for eight hours per day and between bleaching treatment, the fragments were stored in 

individual vials with artificial saliva. Microhardness testing was performed at baseline, 8 

hours, 7, 14, 21, 28, 35 and 42 days oftreatment and at 7 and 14 days of a post-treatment 

period. The Analysis of Variance showed statistical differences for treatment agents, time 

and treatment agents-time interaction (p-value < O. 000 I) Linear regression showed that 

human enamel treated with different concentrations of carbamide peroxide or a placebo 

agent presents a decrease in the microhardness values over time in a similar profile, except 

the enamel fragments exposed to OPA20. Until the 49th day, the enamel surface exposed to 

OP A20 presented the lowest microhardness differences from baseline values than the 

enamel treated with other treatment agents, but did not differ from the surface exposed to 

REM15 on the 56th day. After 14 days of a post-treatment period, enamel treated with PLA, 

NWIO, :NWI6 and NW22 showed the highest microhardness differences from baseline 

values than the enamel exposed to other agents. There was an increase in enamel 

microhardness of the fragments stored in artificial saliva at the post -treatment period, 

although baseline values were not reached. For OP A20, the enamel microhardness values 

surpassed the baseline values at a post-treatment period. 
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Clinicai Relevance: Ali carbamide peroxide bleaching agents evaluated decrease the 

enamel microhardness, but 14 days after the completion o f the treatment, fragments stored 

in artificial saliva, while not reaching baseline values, showed an increase in enamel 

microhardness. Enamel exposed to a 20 % carbamide peroxide bleaching agent with 3% 

potassium nitrate and O, 11% ion fluoride showed microhardness values that surpassed 

baseline values ata post-treatment period. 

Introduction 

Since its introduction by Haywood & Heymann (1989), nightguard vital bleaching 

has been suggested as an efficient and simple procedure in removing intrinsic and extrinsic 

stains from the teeth (Haywood, 1992; Haywood, 1994). 

Different products and systems have appeared on the market for in-office use such 

as 35% hydrogen peroxide or as over-the-counter products. However, the application of 

carbamide peroxide bleaching agents is the most commonly used at-home bleaching 

technique, supported by severa! reports (Haywood, 1992; Haywood, 1994; Leonard, 

Bentley & Haywood, 1994) about its safety and effectiveness and the ADA approval of 

severa! 10% carbamide per oxide bleaching products (Haywood & Robinson, 1997). 

V ariations o f the technique have been introduced, including the use o f higher 

concentrations of carbamide peroxide agents (from 10% to 22%) with 

carboxypolymethylene polymer as a thickening agent to improve tissue adherence and a 

timed o r sustained release of the whitening agent. 

Ten percent carbamide peroxide in the presence of saliva releases 3% of hydrogen 

peroxide and 7% urea. It is supposed that peroxide-containing bleaching agents remove 

tooth discolorations through oxidation. Although dental hard tissues are highly mineralized, 
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their organic content can also play an important role in the bleaching process. In the 

presence of decomposition catalysts, enzymes and saliva, the hydrogen peroxide ionization 

occurs and the free radicais diffuses through the interprismatic substance of the enamel, 

opening and converting the highly pigmented carbon rings into chains (Goldstein & Garber, 

1995), which are lighter in color. Higher concentrations of carbamide peroxide agents 

contain higher amounts of hydrogen peroxide; for this reason, whitening results are 

obtained more quickly than with the use of 10% carbamide peroxide (Kihn & others, 2000; 

Leonard, Sharma & Haywood, 1998). 

As the bleaching o f vital teeth involves the direct contact o f the whitening agent on 

the outer enamel surface for an extensive period of time, many in vitro studies have 

evaluated the potential adverse effects o f 10% carbamide peroxide agents on enamel 

micromorphology (Ernst, Marroquin & Willershausen-Zônnchen, 1996; Flaitz & Hicks, 

1996; Hegedus & others, 1999; Potocnik, Kosec & Gasperic, 2000; Smidt & others, 1998; 

Zalkind & others, 1996). The acidic property of the bleaching agents (Ernst & others, 1996; 

Leonard & others, 1994; Price, Sedarous & Hiltz, 2000; Smidt & others, 1998; Zalkind & 

others, 1996) also can cause changes in the mineral content of the enamel (Goldstein & 

Garber, 1995). 

Studies have reported loss of calcium and some alterations in enamel microhardness 

after exposure to 10% carbamide peroxide (McCracken & Haywood, 1996; Potocnik & 

others, 2000; Rotstein & others, 1996; Smidt & others, 1998). In a combined in vitro-in 

vivo study, an increase in enamel microhardness was demonstrated due to remineralization 

by saliva (Shannon & others, 1993). Attin & others (1997) showed a decrease in the enamel 
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microhardness values with the use of highly concentrated fluoride solutions. Rodrigues & 

others (200 l) reported an initial decrease in enamel microhardness values at different time 

intervals when using a l 0% carbamide peroxide agent, and a final increase in its values 

after 42 days, although an inverse situation was reported for another product with the same 

concentration. 

For higher concentrations of carbamide peroxide, Pinheiro Junior & others (1996) 

showed that a 16% carbamide peroxide bleaching agent decreased the enamel 

microhardness values when compared with four different products o f I 0% carbamide 

peroxide agents. When using infrared spectroscopy and x-ray diffraction analysis, Oltu & 

Gürgan (2000) observed that 3 5% carbamide peroxide agent affect the structure o f enamel, 

although lO and 16% did not change the enamel after the treatment for 8 hours per day for 

6 weeks. However, the effects of long term regimens of different concentrations of 

carbamide peroxide bleaching agents on enamel microhardness and at a post-bleaching 

period are still unknown. Different concentrations of this agent could induce higher or 

faster decreases in microhardness values due to the content of the hydrogen peroxide 

released, low pH leveis or changes in the inorganic/organic ratio in enamel caused by the 

breakdown of the organic matrix. Furthermore, since the clinicai procedure of bleaching 

treatment with carbamide peroxide agents requires repeated and prolonged exposure times, 

it is also important to evaluate the effects of higher concentrations of these agents at 

different bleaching time intervals. The aim of this work was to evaluate the microhardness 

o f the enamel exposed to different concentrations o f carbamide peroxide agents at different 

bleaching times. 

93 



1. Experimental design 

CAPÍTULO rv============ 

Methods and materiais 

The factors under study were: 

1) Treatment agents: in eight leveis - Nite White 10% Excel/ Di seus Dental 

(NW10); Nite White 16% Excell Discus Dental (t\'W16); Nite White 22% Excel/ Discus 

Dental (NW22); Opalescence 10%/ Ultradent Products (OPA10); Opalescence PF 20%/ 

Ultradent Products (OPA20); Rembrandt 15%/ Den-Mat Corporation (REM15); Nupro 

Gol d/ Dentsply (NG 1 O) and a placebo agent (PLA) as a control; 

2) Time: in ten 1eve1s- baseline, 8 hours, 7, 14, 21, 28, 35, 42 days oftreatment and 

at 7 and 14 days of a post-treatment period (corresponding to 49 and 56 days after the 

beginning o f the treatment). 

The experimental units consisted of 120 sound human enamel dental fragments, 

randomly and evenly assigned to the eight different treatment agents (15 dental fragments 

per group). 

The Knoop microhardness response variable was evaluated by quantitative methods. 

Three measurements of Knoop microhardness were taken on the surface o f each specimen 

at each time interval for a nested design. 

2. Preparation ofthe dental fragments 

Fifty non-erupted freshly extracted third molars were used. Immediately after 

extraction, the teeth were kept in 10% formaldehyde (pH 7.0). The roots were removed 

approximately 2 to 3 mm apical to the cementoenamel junction and the crowns were 
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longitudinally sectioned to obtain 120 dental fragments using double-faced diamond discs 

(KG.Sorensen, Barueri, SP, Brazil, 06454-920) at a low motor speed (Kavo do Brasil, 

Joinville, SC, Brazil, 89221-040). Care was taken not to leave the dental fragments in air 

for a long period of time to prevent dehydration. They were immersed in distilled and 

deionized water at 3 7° C 

The dental fragments were required to be larger than 4 mm x 4 mm x 3 mm and 

those fragments that presented stains or cracks after the observation on stereomicroscope at 

30x (Meiji Techno EMZ Series, Saitama, Japan, 356) were not used. The fragments were 

embedded individually in a self-curing polyester resin in a PVC ring mold of 2.0 em in 

diameter, with the externai surface of the enamel to be exposed and the resin was left to 

polymerize for 24 hours. The molds were removed and the externa! surfaces of the dental 

fragments were leveled by a water-cooling mechanical grinder (Maxgrind/ Solotest, São 

Paulo, SP, Brazil, 01328-000). Aluminum oxide discs of 400, 600 and 1000 grit 

(Carborundum/ 3M do Brasil Ltda., Sumaré, SP, Brazil, 13001-970) were used 

sequentially. The polishing was performed with polishing cloths (Top, Gold and Ram, 

Arotec Ind. e Com. Ltda., Cotia, SP, Brazil, 06709-150) and diamond pastes of 6, 3, 1 and 

'14 !lm (Arotec Ind. e Com. Ltda., Cotia, SP, Brazil, 06709-150) with mineral oi! 

(Lubrificante azul modelo LA, Arotec Ind. e Com Ltda., Cotia, SP, Brazil, 06709-150). 

These procedures were conducted to form parallel planar surfaces for the Knoop 

microhardness tests. A standardized area of 9mm2 (3mm x 3 mm) of exposed enamel (size 

o f the window for testing) was created on the specimens by covering the remaining dental 

fragment with two coatíngs of enamel nail vamish (Coloramal CEIL Com. Exp. Ind. Ltda., 

95 



=========== CAPÍTULO rv=========== 

São Paulo, SP, Brazil, 05113-900). Afterwards, the 120 spec1mens were randomly 

distributed to the treatment agents, with 15 dental fragments for each group and stored in 

distilled and deionized water at 3 7°C until their exposure to the treatment agents. 

3. Specification ofthe materiais 

In this study, seven carbamide peroxide bleaching agents were evaluated: Nite 

White 10% Excel/ Discus Dental; Nite White 16% Excell Di seus Dental; Nite White 22% 

Excel/ Discus Dental; Opalescence 10%/ Ultradent Products; Opalescence PF 20%/ 

Ultradent Products; Rembrandt 15%/ Den-Mat Corporation; Nupro Gold/ Dentsply. The 

control group consisted of a placebo agent prepared with carbopol and glycerin. The color 

and consistency of the placebo agent was similar to one of the bleaching agents 

(Opalescence 10%/ Ultradent Products, South Jordan, UT, NT 84095). The pH leveis ofthe 

bleaching agents were measured by using a pH meter (Procyon, SA 720, São Paulo, SP, 

Brazil, 04530-970). Table 1 presents the basic composition, lot number, pH levei and the 

manufacturer of each treatment agent. 

4. Exposure o f the dental fragments to the treatment agents 

The enamel fragments were exposed to the treatment agents (experimental and 

control) for 8 hours per day for a period of 42 days. 

Previous to the treatment period, an individual tray was manufactured for each 

specimen using a 0.4 mm thick flexible ethyl vinyl acetate (EVA) polymer (Bio-Art Equip. 
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Odontológicos Ltda., São Carlos, SP, Brazil, 13568-000) in a vacuum forming machine 

(P7/ Bio-Art Equip. Odontológicos Ltda., São Carlos, SP, Brazil, 13568-000). 

For the application of the treatment agents, 0.02 ml of each agent was applied to 

each specimen using a syringe. The specimens were individually covered with the tray and 

immersed in individual closed vials with 13.5 ml of artificial saliva (pH=7.0), at 37° C. 

After 8 hours, the specimens were taken from the storage media and the trays were 

removed. The treatment agents were washed from the surface of the enamel fragments 

under running distillated and deionized water for 5 seconds. 

During the remaining time (16 hours per day), the fragments were immersed in 

individual closed containers with 13.5 ml of artificial saliva (pH=7.0), at 3T C. The 

artificial saliva o f the containers was changed daily. The artificial saliva consisted o f a 

remineralization solution that was proposed by Featherstone & others (1986) and modified 

by Serra & Cury (1992). After the 42 day treatment period, the specimens were maintained 

in their individual vials and immersed in 13.5 ml of artificial saliva (pH=7.0) at 3TC that 

was changed daily. 

Microhardness measurements were performed before the initial exposure to the 

treatments (baseline values) and after 8 hours, 7, 14, 21, 28, 35 and 42 days and also at 7 

and 14 days ofthe post-treatment phase (corresponding to 49 and 56 days after the initial 

application ofthe treatment agents). A Knoop indentator was used, keeping the long axis of 

the diamond parallel to the outer enamel surface in a microhardness testing machine 

(Future Tech- FM-1e, Tokyo, Japan, 140). Knoop microhardness test was used because 

both hardened and softened materiais can be obtained (Anusavice, 1996). Three 
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indentations at each specimen were made with a load of 25g applied for 5 seconds at each 

time. 

The data was evaluated by a classical linear model - Analysis of Variance 

(ANOV A)- in a nested design into a hierarchical structure of fixed effects. The time trend 

of microhardness was adjusted by linear regression and it was used to verify the factor time 

in each treatment agent. The Tukey test was used to compare the differences among 

treatment agents at each time at a 5% leve! of significance. (Montgomery, 1996). 

Results 

Table 2 shows the mean Knoop microhardness numbers at baseline, the differences 

from baseline values, the standard error and the T ukey test clusters for each treatment agent 

at each time. Chart 1 shows estimated Knoop microhardness differences at each time that 

were obtained from linear regression for each treatment agent. The Analysis o f V ariance 

showed statistical differences for treatment agents, time and treatment agents-time 

interaction (p-value < 0.0001). 

There were significant differences in the mean microhardness values among 

treatment agents at each time (p-value < 0.0001). The Tukey test verified that, after 8 

hours, the enamel microhardness exposed to PLA did not differ from the enamel 

microhardness exposed to other bleaching agents, except from NWJO and OPA20. From 

the 7th to the 35th days, microhardness values were practically similar o ver time for a!! 

materiais, but showing differences among them in each time. On the 42"d day, there were 

no differences in the microhardness values among NW22, NG and REM15. Until the 49th 
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day, the enamel surface exposed to OP A20 presented the lowest microhardness differences 

from baseline values than the enamel treated with other treatment agents, but did not differ 

from the surface exposed to REM15 on the 56th day. After 14 days of a post-treatment 

period, enamel treated with PLA, NWIO, NW16 and l\TW22 showed the highest 

microhardness differences from baseline values than the enamel exposed to other agents. 

Linear regression showed that the enamel microhardness o f fragments exposed to all 

the treatment agents, except OP A20, were similar during the bleaching period. The human 

enamel treated with different concentrations of carbamide peroxide or a placebo agent 

presents a decrease in the microhardness values. During the treatment period and after 7 or 

14 days of a post-treatment period, there was a decrease in the enamel microhardness 

differences from baseline values for all treatment agents. For OP A20, the enamel 

microhardness values surpassed the baseline values ata post-treatment period. 

Discussion 

Changes in the chemical or morphological structure of enamel must be of concem 

when using bleaching techniques as a treatment for whitening teeth. Although some studies 

reported that there were no significant changes in enamel microhardness when using short 

term regimens of carbamide peroxide (Nathoo, Chmielewski & Kirkup, 1994; Potocnik & 

others, 2000; Seghi & Denry, 1992; Shannon & others, 1993), others observed a decrease in 

enamel microhardness when using these bleaching agents fur 2 weeks or more (McCracken 

& Haywood, 1995; Rodrigues & others, 2001; Smidt & others, 1998), even with the 

additional use of concentrated fluoride solutions (Attin & others, 1997). When using higher 
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concentrations of carbamide peroxide bleaching agents, only Pinheiro Junior & others 

(1996) showed that a 16% carbamide peroxide agent significantly decreased the enamel 

microhardness values when compared with three 10% carbamide peroxide agents, 

suggesting that a higher concentration of carbamide peroxide could lead to deleterious 

effects on the dental structure. No other reports about the effects of carbamide peroxide 

bleaching agents in the concentrations of 15, 16, 20 and 22% on ename1 microhardness 

have been available until now. 

The findings o f this in vitro investigation shows that human enamel exposed to the 

application of carbamide peroxide with different concentrations or a placebo agent presents 

a decrease in the microhardness values. Immediately after the applicatíon of the treatment 

agents for 8 hours, there was a significant decrease in microhardness values. Although the 

dental fragments were immersed in artificial saliva during the application of the bleaching 

agents, this was not enough to allow a recovery o f the microhardness values during the first 

8 hours of the treatment period. One of the possible reasons for the rapid decrease in 

microhardness values could be the pH of 10% carbamide peroxide bleaching agents. Some 

studies reported that the pH of these agents ranges from 4.6 to 7.4 (Emst & others, 1996; 

Leonard & others, 1994; Price & others, 2000; Smidt & others, 1998; Zalkind & others, 

1996), and that can also affect the physical and chemical structure ofthe enamel (Goldstein 

& Garber, 1995). In our study, the pH of the bleaching agents ranged from 6.22 to 7.84, 

showing that some of the products present acidic properties. However, none were lower 

than pH 5. 5 and, therefore, would not contribute to the enamel demineralization 

(Featherstone & others, 1983; Featherstone & others, 1986). In addition, Leonard & others 
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(1994) pointed out that a moderate low-pH bleaching solution in vivo reduces the pH of 

saliva in the mouth during the first 5 minutes, but an increase above baseline is expected 

after 15 minutes of treatment, probably due to the chemical reactions of the neutralization 

o f acidic carbamide per oxide by saliva. One might also expect that the tray used during the 

application o f the treatment agents did not allow for this remineralization during the 8 hours 

of application of the agents since it acted as a barrier to the contact of the artificial saliva 

with the dental fragments. The clinicai application of our data is the expectation that the pH 

of saliva, plaque and bleaching agent in the mouth may rise due to the factors found in the 

oral environment and that the presence of peroxidases, enzymes e saliva may neutralize the 

hazard effects of hydrogen peroxide. 

An intriguing result of this experiment was that there were no differences in enamel 

microhardness between PLA and some of the bleaching agents evaluated at different times 

of treatment. The placebo agent consisted of a neutra! pH glycerin and a carbopol gel and 

was selected as an adequate choice for the control group since it provided equal hydration 

of the samples. Manufactures have made no claims about the action of glycerin and 

carbopol, thus these agents have generally been considered to be inactive ingredients. 

However, when comparing two 10% carbamide peroxide bleaching agents with and without 

carbopol, McCracken & Haywood (1995) showed a significant decrease in microhardness 

in the outer 25 [.tm of the enamel surface after the treatment with the product containing 

carbopol. This result was related not only to the pH levei o f the products, but also to the 

presence of carbopol. This can also suggest that glycerin or the carbopol could act as a 

demineralizing agent (McCracken & Haywood, 1995) or as an impermeable barrier, 
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inhibiting the penetration of artificial saliva solution through the enamel surface and 

promote the recovery of baseline values. Probably, some bleaching agents evaluated can 

exhibit higher amounts of carbopol and glycerin in the compositions, showing a 

microhardness profile over time similar to the placebo agent 

Despite the decrease in enamel microhardness values, a remineralization effect 

could be verified during the treatment period and at the post-treatment period, when there 

was a contínuos decrease in the microhardness differences from baseline values. The use of 

remineralization solutions or fluorides could inhibit the decrease in microhardness caused 

by the bleaching agents. Remineralization potential exists in saliva substitutes that contain 

calcium and phosphate ions (Featherstone & others, 1983: Featherstone & others, 1986), 

such as the artificial saliva used in this study. When using 10% carbamide peroxide agents, 

Rodrigues et a!. (2001) showed the remineralization potential of this artificial saliva. Even 

though the baseline microhardness values were higher than the post-bleaching period 

values for ali the agents - except for OP A20 - , the microhardness differences values 

obtained on the 7ili and 14ili days of a post-bleaching period were lower than the 

microhardness differences values obtained during the treatment period. It is possible that 

the storage of the dental fragments in the artificial saliva for a greater period o f time wou1d 

have allowed a recovery of baseline microhardness values. This recovery toward baseline 

microhardness values also might be expected in in vivo conditions due to some important 

factors such as salivary flow, the buffering capacity of saliva, oral hygiene and the use of 

topical fluorides that may increase the remineralization ofbleached enamel. 
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OP A20 showed the best results in microhardness pro file over time. Due to some 

ingredients - as potassium nitrate and fluoride - the microhardness differences from 

baseline values during the treatment period ( 8 hs to the 42nd day) were not so significant as 

compared to the other agents evaluated. At the post-treatment period, there was an increase 

in enamel microhardness that surpassed baseline values. The presence of fluoride in OP A20 

could act as a remineralizing agent by forming a calcium fluoride layer on enamel that 

inhibits the demineralization or a decrease in microhardness values (Crawford & others, 

1994; Featherstone & others, 1982; Miller & others, 1994; White & Featherstone, 1987). 

Potassium nitrate also could be responsible for an increase in enamel microhardness, 

although its benefits are related to reduce dentin hypersensitivity by occluding dentin 

tubules ( Absi, Addy & Adams, 1995; Collins & Perkens, 1984; Martens & Surmont, 1991; 

Míller & others, 1994; Topbasí, Turkmen & Gunday, 1998) or blocking nerve conduction 

(Peacock & Orchadson, 1999). It is also probable that potassium nítrate could react with the 

sub-products ofthe carbamide peroxide reaction, enhancing the microhardness over time. 

On the 56th day, the enamel exposed to REM15 also showed an increase m 

mícrohardness values that were not dífferent from the results showed by enamel treated 

with OPA20. Even though the microhardness ofthe enamel exposed to REM15 presented a 

profile that were similar to the other agents evaluated, there was a rapid increase m 

microhardness on the 56th day. REM15 contain sodium citrate that is effective m 

controlling tooth hypersensitivity (Clark, Al-Joburi & Chan, 1987; Ong & Strahan, 1989; 

Zinner, Duany & Lutz, 1977). Probably, sodium citrate can also increase enamel 

microhardness o ver time by reacting with the sub-products of the carbamide peroxide. 
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As the enamel microhardness of fragments exposed to all the bleaching agents were 

similar during the bleaching period ( except OP A20), one might suppose that the use o f 

higher concentrations o f carbamide peroxide are not more deleterious than the use o f I O% 

carbamide peroxide agents; therefore, when one wants to achieve faster whitening o f teeth, 

higher concentrations from properly selected materiais might be chosen. With I O, 15, 16 or 

22% carbamide peroxide concentrations, the same aesthetic results can be obtained in a 

shorter period of time when compared with the results with lower concentrations of 

carbamide peroxide agents (Leonard & others, 1998), even though an increase in tooth 

sensitivity can occur (Haywood, 1994; Leonard & others, 1998). When combining other 

components in the same product- as OPA20 and REM15- a reduction in tooth sensitivity 

can be observed dueto the presence of fluoride, potassium nitrate and/or sodium citrate and 

an increase in microhardness values over time can be demonstrated. 

The decrease in microhardness values during the treatment with carbamide peroxide 

bleaching agents seems to be the result of damage to the enamel structure regardless of 

concentration. A post-bleaching period allowed for a recovery -for OPA20- or an increase 

in the microhardness values- for PLA, NWI O, N'W116, 1','W22, OP A1 O, REMI5 and NG -, 

although the baseline values were not reached for these products. This emphasizes that at

home whitening agents require professional supervision to ensure the proper application of 

the bleaching agents, recommended amount of gel/paste, length of treatment and steps to 

prevent adverse reactions. 

104 



============ CAPÍTULO I I!============ 

Conclusion 

Ali concentrations of carbamide peroxide bleaching agents decrease enamel 

microhardness during treatment period. After fourteen days of storage in artificial saliva 

following the completion o f the bleaching treatment, there is a small increase in the enamel 

microhardness values that did not reach baseline values. When using a 20 % carbamide 

peroxide bleaching agent with 3% potassium nitrate and O, 11% ion fluoride, enamel 

microhardness values surpassed baseline values ata post-treatment period. 
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Tables 

Table 1: Composition, lot number, pH levei and the manufacturer of each treatment agent. 

TREATMEJ\'T AGENT COMPOSITJON pH MAJ'!UF ACTURER 

NITE WHITE 10%EXCEL* 10% carbamide peroxide; polyethylene glycol; Discus Dental, lnc. 

(NWlO) (peppermint)* propylene glycol; hydroxypolicellulose; 7.49 Los Angeles, 

(lot nº 9FK) 
carbopol, flavor, sodium hydroxide Califomia, USA 

NITE WHlTE 16% EXCEL 16% carbamide peroxide; polyethylene glycol; Discus Dental, lnc. 

(NW 16) (peppermint) propylene glycol; hydroxypolicellulose; 7.46 Los Angeles, 

(lot nº 8HJ) 
carbopol, flavor, sodium hydroxide Califomia, USA 

NITE WH!TE 22% EXCEL 22% carbamide peroxide; polyethylene glycol; Discus Dental, lnc. 

(NW22) (peppermint) propylene glycol; hydroxypolicellulose; 7.84 Los Angeles, 

(lot nº 9KD) 
carbopol, flavor, sodium hydroxide Califomia, USA 

OPALESCENCE 10%* Ultradent Products lnd., 
10% carbamide peroxide; carbopol; glycerin; 6.68 South Jordan, Utah, (0PA10) (regular) 

flavoring 
USA 

(lot nº 3MPL) 
OPA.LESCENCE PF 20% 20% carbamide peroxide; carbopol; glycerin: Ultradent Products lnd., 

(OP A20) (regular) flavoring; 3% potassium nitrate; 0.11% ion 6.70 South Jordan, Utah, 

(lot nº 3MTJ) 
fluoride USA 

REMBRANDT 15% 
15% carbamide peroxide; glycerin; sodium 

Den-Mat Corporatíon, 

(REM 15) (regular) 6.22 Santa Maria, Califomia, 

(lot nº 030371545) 
citrate; carbopol; flavor; triethanolamine 

USA 

NUPRO GOLD (NGlO) 
10% carbamide peroxide; glycerin; carbopol; 

Dentsply Preventive 

(regular) 6.24 Care, New Y ork, 

(lot nº 9911021) 
flavor 

Pennsylvania, USA 

Mixed formula, 

PLACEBO (PLA) 5% glycerin; 1.2% carbopol 7.0 Proderma - Pharmacy, 

Piracicaba, Brazil 

* - Products that are ADA approved 
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Table 2: Mean Knoop microhardness numbers at baseline, the differences fi:om baseline 

values, the standard error (SE) and the Tukey test clusters (5% levei of significance) for 

each treatment agent at each time (n=15). 

Time Estimates PLA NW!O NW16 NW22 OPA!O OPA20 REM15 NG 

Mean 106.7 120.3 105.6 90.8 ll0.4 77.1 83.7 102.7 
Baseline 

SE 15.6 16.4 15.9 8.5 15.9 11.1 9.6 12.1 

Mean -50.7b -69.5 c -59.6 bc -56.1 bc -63.9b -32.7 a -58.0 bc -50.0b 

8hs 
SE 9.4 16.6 13.6 8.8 16.2 12.3 14.7 11.0 

Mean -63.4 cde -74.5 e -64.9 de -47.1 b -62.2 cde -19.9 a -56.2 bcd -49.3 bc 

7 
SE ILI 18.3 14.1 * 11.4 17.4 7.8 16.3 10.8 

Mean -59.9 cd -75.8 e -61.8 de -45.6 bc -55.9bcd -18.0 a -58.3 cd -43.9 b 

14 
SE 10.5 18.1 17.7 11.3 15.9 14.3 16.5 11.9 

Mean -61.0 cd -72.4d -61.1 cd -44.3 b -54.5 bc -24.3 a -57.0bc -45.5 b 

21 
SE * 12.0 17.8 15.3 11.5 16.1 11.4 16.9 12.0 

Mean -60.7 cd -71.2 d -56.9 bc -45.7b -57.9bcd -20.1 a -55.8 bc -46.6 bc 

28 
SE 11.0 19.3 14.9 10.9 16.2 13.9 19.2 * 13.1 

Mean -57.9cd -69.4 d -56.8 bcd -44.9 bc -57.9cd -15.9 a -52.6bc -43..4 b 

35 
SE 10.9 18.4 15.2 9.4 16.6 14.7 14.3 12.8 

Mean -61.5 de -74.0 e -59.8 de -42.6 b -58.0 cd -7.5 a -53.3 bcd -44.9 bc 

42 
SE 10.8 16.9 13.3 11.4 17.2 16.7 15.2 12.7 

Mean -62.4 ef -65.5 f -50.9cd -36.7b -50.7cde 14.0a -33.4 b -40.9bcd 

49 
SE 11.2 18.0 13.7 11.6 17.5 24.1 13.8 12.5 

Mean -55.0 e -54.1 e -46.0 de -36.7 cd -49.0 de 7.8a -19.2 ab -31.4 bc 

56 SE 10.3 20.0 13.1 1!.1 17.8 18.4 12.4 14.0 

Equalletters indicate mean values that are not significantly different (!ines) 

* n = 14 (1 missing v alue) 
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Graphs 
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Graph 1: Estimated Knoop microhardness differences at each time obtained from 

linear regression for each treatment agent. 
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Clinicai Relevance 

In clinicai situations, the treatment with 10% carbamide peroxide agent can alter the 

microhardness of sound and demineralized enamel, although it does not seem to affect the 

microhardness of sound and demineralized dentin. 

Summary 

The purpose of this in situ study was to evaluate the microhardness of sound and 

demineralized enamel and dentin submitted to treatment with 10% carbamide peroxide for 

three weeks. A 10% carbamide peroxide bleaching agent - Opalescence I Ultradent (OPA) 

- was evaluated against a placebo agent (PLA). Two hundred and forty dental fragments -

60 sound enamel fragments (SE), 60 demineralized enamel fragments (DE), 60 sound 

dentin fragments (SD) and 60 demineralized dentin fragments (DD)- were randomly fixed 

on the vestibular surface of the first superior molars and second superior premolars of 30 

volunteers. The volunteers were divided into two groups that received the bleaching or the 

placebo agent at different sequences and periods at a double blind 2 x 2 cross-over study 

with a wash-out period of two weeks. Microhardness tests were performed on the enamel 

and dentin surface. The SE and DE submitted to the treatment with OPA showed lower 

microhardness values than the SE and DE submitted to the treatment with PLA There were 

no statistical differences in microhardness values for SD and DD submitted to the treatment 

with OPA and PLA The results suggest that treatment with 10% carbamide peroxide 

bleaching material for 3 weeks alters the enamel microhardness, although it does not seem 

to alter the dentin microhardness. 
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Introduction 

The demand for conservative aesthetic dentistry has dramatical!y grown and so has 

the rapid development of new nonrestorative treatments for discolored teeth. Frequently, 

vital teeth present changes in color that substantially compromise the smile. As nightguard 

vital bleaching has gained popularity with patients and dentists as a conservative technique 

to lighten natural teeth (Haywood & Heymann, 1989), modifications, improvements and 

variations o f the technique were introduced, including the use o f a soft custom-fitted tray 

(from 0.2 to 0.4 mm thick), different concentrations of carbamide peroxide agents (10 to 

22%) with carbopol and the use of these agents for one or more intervals during the day. 

Different products and systems have appeared on the market for in-office use such as 35% 

hydrogen peroxide or as over-the-counter products (Haywood, 1994). However, 10% 

carbamide peroxide is still the most used at-home bleaching technique with severa! reports 

in literature about its safety and effectiveness. The decomposition products of carbamide 

peroxide - water, oxygen, ammonia and carbon dioxide - are easily found in the normal 

processes of the human body. Therefore, the Food and Drug Administration (Haywood, 

1993) classifies carbamide peroxide as being safe and effective for human use as an oral 

antiseptic in the concentration of 10%, and has ADA approval (Haywood & Robinson, 

1997) 

Ten percent carbamide peroxide dissociates into 3% hydrogen peroxide and 7% 

urea. These products are obtained after the dissociation of the bleaching product with the 

contact of saliva and oral fluids. Urea is degraded into ammonia and carbon dioxide. The 

hydrogen peroxide, because of its instability and ease of decomposition into water and 
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oxygen, penetrates through the pores o f enamel and dentin to provi de the lightening of the 

teeth. Due to the low amount o f hydrogen peroxide in the h o me bleaching products ( only 

3% ), there is a need for a prolonged contact o f the agent with the dental structure to initiate 

the oxídatíon process (Goldsteín & Kíremidjían-Schumacher, 1993; Goldsteín & Garber, 

1995). Bleaching agents affect the lightening of tooth structure through decompositíon of 

peroxides into free radicais. The free radicais break down large pigmented molecules in 

enamel and dentín into smaller and less pigmented molecules. This is the point (the 

saturation point) at which whitening should be terminated (Goldstein & Garber, 1995). If a 

prolonged period of time is spent to bleach the teeth - e.g. when patíents want their teeth 

"over" whitened - protein matrix breaks can occur in enamel and dentin (Goldstein & 

Garber, 1995). Therefore, one of the possible side-effects of bleaching products is that the 

enamel and dentin may be weakened by oxidation o f the organic o r inorganic elements. 

As the bleaching o f vital teeth involves the direct contact of the whitening agent on 

the outer enamel surface for an extensive period of time, many studies have evaluated the 

potential adverse effects o f these carbamide peroxide agents. When using SEM evaluatíons, 

changes in enamel (Ben-Amar & others, 1995; Bitter, 1998; Bitter & Sanders, 1993; Emst, 

Marroquin & Willershausen-Zonnchen, 1996; Flaitz & Hicks, 1996; Josey & others, 1996; 

McGuckin, Babib & Meyer, 1992; Nam, Kugel & Habib, 1999; Shannon & others, 1993; 

Smidt & others, 1998; Zalkind & others, 1996) and dentin surface morphology (Za1kind & 

others, 1996) were reported. 

However, not only the micromorphology of the dental tissues can be affected by 

bleaching agents, but changes in the mineral content of the enamel and dentín should be 
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evaluated as well, dueto the acidic property of the bleaching agents (Ben-Amar & others, 

1995; Emst & others, 1996; Leonard & others, 1994; Murchinson, Charlton & Moore, 

1992; Smidt & others, 1998; Zalkind & others, 1996) that could affect the tooth structure. 

Loss of mineral content or demineralization alters enamel and dentin microhardness 

(F eatherstone & others, 1983; Rotstein & others, 1996), even though saliva, fluorides o r 

other remineralizing solutions can maintain the balance between the phenomena of 

demineralization and remineralization. 

In vitro studies have reported some alterations in enamel microhardness and loss of 

calcium after exposure to 10% carbamide peroxide (McCracken & Haywood, 1996; 

Rotstein & others, 1996; Attin & others, 1997; Srnidt & others, 1998; Rodrigues & others, 

2001). No changes in enamel microhardness were reported by Murchinson & others (1992), 

Seghi & Denry (1992), Nathoo, Chmielewski & Kirkup (1994) and McCracken & 

Haywood (1995). In dentin, Nathoo, Chmielewski & Kirkup (1994) showed that there are 

no changes in dentin microhardness, although Pécora & others (1994) and Rotstein & 

others ( 1996) showed significant alterations in the mineral content when using 10% 

carbamide peroxide agents. 

In a combined in vitro-in vivo study - the bleaching treatment was performed in in 

vitro conditions and the remineralization period was performed inside the mouth - Shannon 

& others (1993) showed a slight increase in enamel microhardness due to a possible 

remineralization phenomenon of saliva. However, the interactions of the bleaching agent 

with the oral environment were not evaluated. Therefore, in situ studies should be 

121 



CAPÍTULO V============ 

conducted to evaluate the direct interaction among product, saliva, soft tissue and sound or 

demineralized teeth. 

It is also possible that bleaching agents have been applied on aclive caries lesions in 

enamel and dentin because there is a frequent absence of procedures to arrest incipient 

lesions before the aestheticlrestorative procedures. Since the bleaching agent penetrates 

through sound or demineralized dental tissues, there is a need for additional research on the 

effects ofthe nightguard vital bleaching agent on these tissues in clinicai situations. 

The aim of this paper was to evaluate in situ the microhardness of sound and 

demineralized enamel and dentin when submitted to treatment with 10% carbamide 

peroxide bleaching material and a placebo agent for 3 weeks. 

Materiais and methods 

A) Experimental design 

Thirty volunteers took part m this double-blind experiment, perforrned in two 

periods, with a wash-out period of 2 weeks. The volunteers were randomly divided into two 

equal groups of 15 volunteers. Each group received the bleaching or the placebo agent for 3 

weeks in different sequences, in two distinct periods (bleaching agent - placebo agent; 

placebo agent- bleaching agent) in a cross-over 2 x 2 study (Montgomery, 1991). 

The factors under study were: 

Treatment agents: (two leveis) experimental - Opalescence/ Ultradent; control -

placebo agent; 

Quality of dental tissue fragments: (two leveis) sound and demineralized. 
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The experimental units consisted of 240 dental fragments: 60 sound enamel 

fragments; 60 demineralized enamel fragments; 60 sound dentin fragments; and 60 

demineralized dentin fragments. One fragment of each dental tissue was randomly 

distributed in complete blocks among 30 volunteers. Each volunteer was considered as a 

block. Ali o f the volunteers were submitted to the treatment with the bleaching agent for 3 

weeks and with the placebo agent for another period of 3 weeks. 

8) Se!ection o f Volunteers 

The volunteers were 30 adults (23 females and 7 males) from 19 to 25 years of age. 

Each volunteer was informed about the objectives of the research, benefits and possible 

risks involved in this experiment and participated only after providing written formal 

consent. This study had the approval ofthe FOPIUNICAMP Ethical Committee Guidelines, 

in agreement with the National Health Council (Brazil, 1996). 

The volunteers were under-graduate students from the Dental School ofPiracicaba, 

São Paulo, Brazil who were candidates for bleaching treatment The need for a bleaching 

treatment was evaluated for each volunteer by the assessment ofthe color ofthe teeth using 

a Vita shade guide (Vita Zahnbabrik, H. Rauter GmbH & Co. KG, Bad Sãckingen, 

Germany, D-79704). The exclusion criteria for participation in this study were: volunteers 

that wore fixed or removable dentures or orthodontic appliances, pregnant or nursing 

women, smokers, volunteers with dentin sensitivity. 
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C) Tray {nightguard) preparation 

Superior and inferior dental arch impressions were taken with alginate (Jeltrate/ 

Dentsply, Mildford, DE, USA, 19963) and stone cast molds were made (Vigodent, Rio de 

Janeiro, RJ, Brazil, 21 041-150). The maxillary casts were horseshoe shaped and without a 

palate to avoid interference with the efficiency o f the vacuum pull on the hot thermoplastic 

sheet. 

In the molds, vestibular reservoirs with 3 coatings of nail varnish (Colorama/ CEIL 

Com. Exp. Ind. Ltda., São Paulo, SP, Brazil, 05113-900) were prepared on ali teeth except 

for the last teeth o f the arches. 

On the superior first molars and superior second premolars ( or, when the latter were 

missing, the superior first premolars), larger reservoirs of 5mm x 5 mm x 4 mm were 

prepared with composite resin (Charisma/ Heraus Kulzer, Wehrheim, TS, D-61273) 

corresponding to the dental fragments that would be fixed in the volunteers. 

Two scalloped trays were manufactured for each volunteer in a vacuum forming 

machine (P7/ Bio-Art Equip. Odontológicos Ltda., São Carlos, SP, Brazil, 13568-000) 

using a flexible ethyl vinyl acetate (EVA) polymer (Bio-Art Equip. Odontológicos Ltda., 

São Carlos, SP, Brazil, 13568-000) that was 0.4 mm thick. 

D) Specification o f the materiais 

A 10% carbamide peroxide bleaching agent (Opalescence/ últradent, Utah, USA., 

84095)- recognized by the American Dental Association (ADA)- was evaluated. The pH 

levei of the bleaching agent was measured by using a pH meter (Procyon, SA 720, São 
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Paulo, SP, Brazil, 04530-970). The centro! group consisted of a placebo agent prepared 

with carboximethilcelulose and glycerin. The color, taste, flavor, consistency and 

packaging o f the placebo agent was similar to the bleaching agent, but the placebo was pH 

neutra! and had no active component (carbamíde peroxide). Table 1 presents the basic 

composition, pH levei, packaging and the manufacturer of each treatment agent. 

E) Preparation o f the dental fragments 

Forty non-erupted third molars were used m this study. Immediately after 

extraction, the teeth were kept in 10% formaldehyde at pH 7.0. The teeth were sectioned 

with double-faced diamond discs (KG.Sorensen, Barueri, SP, Brazil, 06454-920) ata low 

motor speed (Kavo do Brasil, Joinville, SC, Brazil, 89221-040), divíding the root from the 

coronary portion. In the root portion, the apical third was discarded and only the cervical 

region was used. 

Two hundred and forty dental fragments (a hundred and twenty enamel fragments 

and a hundred and twenty dentin fragments) were obtained. The fragments that presented 

stains or cracks after the observation on stereomicroscope at 30x (Meiji Techno EMZ 

Series, Saitama, Japan, 356) were not used. The size of the fragments was required to be 

4mm x 4 mm x 2 mm. 

The dental fragments were embedded individually in a self-curing polyester resin 

with the externai surface of the enamel or dentín exposed. The externai surfaces of the 

dental fragments were Jeveled by a water-cooling mechanical grinder (Maxgrind/ Solotest, 

São Paulo, SP, Brazil, 01328-000). For the enamel fragments, aluminum oxide discs were 
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used in a sequential granulation of 400, 600 and 1000 grit (Carborundum/ 3M do Brasil 

Ltda., Sumaré, SP, Brazil, 13001-970) refrigerated with water. The políshing was 

performed with polishing cloths (Top, Gold and Ram, Arotec Ind. e Com. Ltda., Cotia, SP, 

Brazil, 06709-150) and diamond pastes of 6, 3, 1 and V. !J.m (Arotec Ind. e Com. Ltda., 

Cotia, SP, Brazíl, 06709-150) refrigerated with mineral oi! (Lubrificante azul modelo LA, 

Arotec Ind. e Com. Ltda., Cotia, SP, Brazil, 06709-150) For the dentin fragments, only 

aluminum oxide discs were used in a sequential granulation o f 600, 1000 and 1200 grít 

(Carborundum/ 3M do Brasil Ltda., Sumaré, SP, Brazil, 13001-970) refrigerated with 

water. 

The fragments were removed from the polystyrene resin with a probe. Ali dental 

fragments were immersed in containers with distillated and deionized water and steam 

sterílized (Tuttnauer 2340MK, Ronkonkoma, NY, USA, 11779) for 20 minutes at 121° C 

The steam sterílization is the most effective method to avoid the bacterial contamination 

(Pantera & Schuster, 1990; Amaechi, Highan & Edgar, 1998; Dewald, 1997) and does not 

seem to change the mineral content o f the teeth ( Amaechi & others, 1998, Oliveira, 

Sperandio & Souza, 1999). 

F) Induction of artificial caries lesion 

To obtaín 60 demineralized enamel fragments and 60 demineralized dentin 

fragments, caries-like lesions were generated by a dynamic model of demineralization and 

remineralization cycles, similar to the model proposed by F eatherstone & others ( 1986) and 

modified by Serra & Cury (1992) 
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The enamel fragments were submitted to 7 cycles of de-remineralization (Serra & 

Cury, 1992), while the dentin fragments were submitted to 3 cycles of de-remineralization 

(Rara & others, 2000). The 60 dental fragments of enamel and 60 of dentin, which made up 

the sound group of each dental tissue, were not submitted to the de-remineralization cycles 

but kept immersed in distillated and deionized water. 

G) Preparation o f the volunteers for the experimental phase 

The initial color of the teeth was determined by Vita scale and photographs were 

taken to compare the initial to the final color after the experimental phase. 

Two weeks before the initiation ofthe experiment, toothbrushes (Oral B 35/ Gillette 

do Brasil Ltda., Manaus, AM, Brazil, 69075-900) and fluoride toothpastes (Colgate l'v!FP/ 

Kolynos do Brasil Ltda., Osasco, SP, Brazil, 06020-170) were given to the volunteers. 

Instructions were given on how to perform the Bass dental hygiene technique to standardize 

the toothbrushing method and the fluoride leveis in the mouth. This phase was called the 

run-in period and it lasted for 2 weeks. 

The thirty volunteers were randomly divided into two equal groups of 15 volunteers. 

Group I received the bleaching treatment while group II received the placebo treatment. In 

a second phase, group I received the placebo treatment while group II received the 

bleaching treatment. 
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H) Experimental phases 

F our dental fragments, one o f sound enamel, one o f demineralized enamel, one o f 

sound dentin, and one of demineralized dentin, were randomly fixed to the vestibular 

surfaces ofthe superior first molars and superior second premolars (or, when the latter were 

missing, the superior first premolars) of each volunteer (Figure 1). The fragments were 

fixed using an adhesive system (Scotchbond Multi-purpose/ 3M, St. Paul, MN, USA, 

55144-1000) anda composite resin (Charismal Heraus Kulzer, Wehrheim, TS, D-61273). 

The bleaching or placebo treatment was applied in the superior dental arch of each 

volunteer where the experimental units were attached (vestibular surfaces ofthe teeth). 

Fifteen volunteers were instructed to apply the bleaching agent (Group I) while 

fifteen volunteers were instructed to apply the placebo agent ( Group II) in the tray and to 

wear it during the night for about 8 hours. They were instructed to clean the tray after its 

remova! from the mouth and keep it in a container provided. 

After 3 weeks o f the treatment with the bleaching o r placebo agent (experimental 

phase I), the fragments were removed with an appropriate pliers. The composite resin that 

adhered to the volunteer's tooth was removed with resin polishing carbide burs 

(K.G.Sorensen, Barueri, SP, Brazil, 06454-920) and aluminum oxide discs (Sof-Lex/ 3M, 

St. Paul, MN, USA, 55144-1000) 

The volunteers were submitted to a wash-out period of 2 weeks to eliminate the 

residual effects ofthe treatment previously applied. New toothbrushes and toothpastes were 

given to the volunteers and the toothbrushing technique was reinforced. New trays were 
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used to eliminate the possibility that residues left by the agent previously applied would 

interfere in the effects of the other agent to be used. 

Other four dental fragments - sound and demineralized enamel and sound and 

demineralized dentin - were fixed in the same way as described for experimental phase I. 

This time the volunteers used the treatment agent (placebo or bleaching agent) that they had 

not received at the experimental phase I (experimental phase II) for another period o f 3 

weeks. 

The fragments were removed agam with an appropriate pliers. During the 

experimental phases I and II, a syringe of bleaching or placebo agent was given to the 

volunteers weekly. The experimental phases and periods of the study can be observed in 

Table 2. 

I) Mícrohardness tests 

An acrylic device allowed the fragments to be held keeping the long axis of the 

indentator perpendicular to the dental surface. Three microhardness indentations were 

performed on the leveled surface of each enamel and dentin fragment with a microhardness 

tester (Future Tech - FM-1 e, Tokyo, Japan, 140) and a Knoop indentator. A load o f 25 gr. 

was used for the enamel fragments and a 1oad o f 1 O gr. was used for the dentin for 5 

seconds. 
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J) Statistíca! ana/ysís 

For the statistical analysis, the average of the three Knoop Hardness Numbers was 

taken_ Before the Analysis of Variance, the carry-over effect was determined by the t

Student test, in each volunteer. The Analysis of Variance for Greco-Latin Squares 2x2 

design was employed to compare the treatment agents, using a three-dimensional block 

composed of "different sequences", "periods" and "quality of the dental fragment" 

(Montgomery, 1991). The statistical analysis was made by Statgraphics plus software 

(Manugistics, Inc., Rockville, Maryland, USA, 20852). 

Results 

The t -Student test did not show the presence o f the carry-over effect for enamel (p

value=0.0269) or for dentin (p-value=0.0356). These results permitted a comparison 

between treatment agents and quality o f the dental fragments without the carry-over effect 

at the 5% levei of significance. 

The mean o f the Knoop microhardness values for enamel and dentin according to 

the quality o f the dental fragments, treatment agents and periods are shown in Table 3 _ 

Mean Knoop microhardness values for each group, period and quality of the dental 

fragments are illustrated in Graphs I and 2. 

The Analysis of Variance of the experimental design considering the Greco-Latin 

Squares 2 X 2 was employed. For enamel, there was significant differences between 

bleaching and placebo agents (p-value=0_0045) and between sound and demineralized 

dental fragments (p-value<O.OOO!)_ The sound and demineralized enamel submitted to 10% 
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carbamide peroxide bleaching agent for 3 weeks showed significant lower values of 

microhardness than those submitted to a placebo agent. The Knoop microhardness values 

for sound enamel fragments were significantly higher than the Knoop microhardness values 

for demineralized enamel fragments in both treatments. 

For dentin, there was significant differences between sound and demineralized 

dental fragments (p-value<0.0001). There was not significant differences between sound 

and demineralized dentin treated with bleaching or placebo agents, but the sound and 

demineralized dentin submitted to 10% carbamide peroxide bleaching agent for 3 weeks 

showed slightly higher values of microhardness than those submitted to a placebo agent. 

The Knoop microhardness values for sound dentin fragments were significantly higher than 

the Knoop microhardness values for demineralized dentin fragments for bleaching and 

placebo agents. 

Discussion 

Since its introduction by Haywood & Heymann (Haywood & Heymann, 1989), 

nightguard vital bleaching is a procedure that has dramatically grown in the dental offices 

due to its efficiency and simplicity in removing intrinsic or extrinsic stains from the teeth 

(Haywood, 1992; Haywood, 1994). Many of the bleaching products contain 10% 

carbamide peroxide (Goldstein & Kiremidjan-Schumacher, 1993; Haywood, 1992) with 

carboxypolymethylene polymer as a thickening agent to improve tissue adherence and 

allow for a time or sustained release o f the whitening agent (Haywood, 1994 ). 
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Although the bleaching agent is applied on the enamel surface, the oxidation 

processes o f the carbamide peroxide take place within the teeth by an interaction with their 

structural components. The effects and the mechanism of the bleaching agents should be 

evaluated to understand possible damages in detriment to the benefits of a more aesthetic 

smile offered by this technique. 

In vitro studies using SEM analysis have demonstrated that the application of 1 O% 

carbamide peroxide on enamel surface causes morphological changes with an increase in 

porosity and erosions (Ben-Amar & others, 1995; Bitter, 1998; Bitter & Sanders, 1993; 

Emst & others, 1996; Flaitz & Hicks, 1996; Josey & others, 1996; McGuckin & others, 

1992; Nam & others, 1999; Shannon & others 1993; Smidt & others, 1998; Zalkind & 

others, 1996). In dentin, an increase of the superficial roughness was verified (Zalkind & 

others, 1996). Although only one paper reported no alterations in enamel (Haywood & 

others, 1990), the acidic properties of the bleaching agents, the prolonged contact time 

between the lightening product and the dental surface, and the presence o f greater amounts 

of carbopol have been claimed as the possible factors that can cause these superficial 

changes. Clinically, the increased porosity allows the bleaching agent to easily penetrate 

through enamel and dentin and could explain the transitory dental sensitivity during its use. 

Regarding the inorganic and organic components in the dental structure, studies 

should take into account the structure's mechanical properties. Changes in the inorganic 

and organic components ratio could be deleterious to the teeth (Featherstone & others, 

1983; Featherstone & others, 1986). The free radicais of the decomposition of carbamide 

peroxide may react with the organic components o f the dental structure and the low pH o f 
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the bleaching systems may cause demineralization. Loss of mineral can be related to the 

acidic properties o f the bleaching agents, even though Leonard & others ( 1994) observed 

that there is an increase o f the pH leveis o f 10% carbamide peroxide after its dissociation in 

the mouth. A loss of calcium after the exposure of enamel to 10% carbamide peroxide was 

observed in some in vitro studies (McCracken & Haywood, 1996; Rotstein & others, 1996), 

though this reduction o f mineral content was not clinically significant. 

Differences in organic and inorganic content can also be verified by microhardness 

tests (Featherstone & others, 1983). Although some in vitro studies have shown that there 

were no microhardness changes on sound enamel and dentin submitted to the treatment 

with 10% carbamide peroxide (Murchinson & others, 1992; Seghi & Denry, 1992; Nathoo 

& others, 1994; McCracken & Haywood, 1995), significant differences were found in other 

experiments (Pécora & others, 1994; Attin & others, 1997; Rodrigues & others, 2001; 

Shannon & others, 1993; Smidt & others, 1998). 

A dynamic model of inducing artificial canes lesions through pH cycles of 

demineralization and remineralization solutions (Featherstone & others, 1986; Serra & 

Cury, 1992; Rara & others, 2000) was used in this study. This model presents a correlation 

with the initiation and progression of carious lesions in patients at high-risk for caries 

(Featherstone & others, 1986), leading to changes in the mineral and organic content ofthe 

teeth. The applicability o f the model for inducing caries can be verified by the significant 

differences between the quality o f the enamel and dentin fragments (p-value<O. 0001; p

value<O. 000 1). It shows that the demineralizatíon-remineralization model was effectíve in 

producing artificial caries lesions. The Knoop microhardness values for sound enamel 
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fragments were significantly higher than those for the demineralized enamel fragments in 

both treatments. The same occurred for the sound and demineralized dentin fragments. 

For the enamel fragments, it was verified that the sound and demineralized 

fragments submitted to the effects of the bleaching agent presented lower microhardness 

values than the sound and demineralized fragments submitted to the placebo agent. These 

results were obtained by fixing the dental fragments in a vestibular location - dose to the 

parotid salivary gland duct exit where there is a low-risk for caries. Because the fragments 

were maintained in the mouth during the whole period of the experimental phases and at 

the same location (with the constant flow of saliva, temperature and pH changes, fluorides, 

toothbrush abrasiveness and effects of liquids and foods in the oral environment), we 

consider that the results are reliable. The bleaching agent caused a mineral loss in human 

dental fragments, even though saliva, plaque control and fluorides were present in the oral 

environment. These factors could be responsible for maintaining the balance between the 

demineralization and remineralization phenomena. This mineralloss can be related not only 

to the pH levei of the bleaching agent Leonard & others (1994) showed that a lO% 

carbamide peroxide solution with a moderately low-pH presented an increase of its pH 

levei after 5 minutes of degradation, reaching a neutra! pH. However, the pH levei of OPA 

used in this experiment was not so acidic, but an increase of OPA pH levei can also be 

expected. So, the prolonged contact between the product and the dental structure can be the 

responsible for the decrease in the microhardness values Due to a high levei of mineral 

content of enamel, the bleaching agent seems to cause a demineralization effect in the 

enamel structure, even though a slight decrease in the organic content in the enamel could 
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take place (the percentage of organic content and water in enamel is around 4% (Ten Cate, 

1988). 

For the dentin fragments, there was no significant difference between the bleaching 

and the placebo agent. The percentage o f mineral content in dentin (70%) is lower than in 

enamel (Ten Cate, 1988). Therefore, our results also suggest that, although some alterations 

occur in the dentin, these effects do not damage the inorganic/organic content in dentin 

structure, but significantly affect the mineral content o f the enamel fragments. 

This experiment can also elucidate the importance o f not applying bleaching agents 

on early carious lesions due to their damaging effects. On sound dental structures, the 

bleaching agents can be used as an aesthetic treatment, but one should be aware of the 

lower microhardness values obtained in this study. There is a possibility that the human 

enamel could be damaged, although the effects of higher concentrations of fluorides and a 

post-bleaching time were not evaluated. Perhaps a prolonged time contact between the 

dental structure with saliva and fluorides could be helpful to reverse the ratio between 

organic and inorganic mineral content and to retum to the initial conditions which could 

increase the enamel microhardness values. This emphasizes that at-home bleaching agents 

require the need for future researches, even though professional supervision can ensure 

correct selection of the proper case, correct application, and steps to prevent adverse 

reactions. 
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Conclusions 

a) the treatment with 10% carbamide peroxide bleaching material for 3 weeks alters the 

microhardness of sound and demineralized enamel; 

b) the treatment with I 0% carbamide peroxide bleaching material for 3 weeks does not 

seem to alter the microhardness o f sound and demineralized dentin. 
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TABLES 

Table 1: Composition, pH, presentationform and manufacturer of each treatment agent 

TREATMENT AGENTS COMPOSITION pH PACKAGING MANUFACTURER 

I 0% carbarníde Ultradent Products 
OPALESCENCE 

6.68 Dispensable syringe peroxide; carbopol; In c , Utah, 84095, 
(batch nº 393N) glycerin; flavoring* USA 

Dispensable syringe Mixed formula, 

PLACEBO 
5% glycerin; 1.2% 

7.0 with package identical 
Proderma - Pharmacy, 

carbopo! 940 Piracicaba, 13414-
to Opalescence 

000, Brasil 

* The manufacturer does not indicate the percentage of each component. 
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Table 2: Experimental phases and periods ofthe study according to the volunteer groups. 

GROUPI GROUPIT 

PHASE PERIOD 

(15 volunteers) (15 volunteers) 

Standardized brushing with Standardized brushing with 

RUN-IN 2 weeks toothbrushes and toothpastes toothbrushes and toothpastes 

provided; tray manufacturing provided; tray manufacturing 

EXPERIMENTAL 

3 weeks Bleaching agent Placebo agent 
PHASEI 

Standardízed brushing wíth Standardízed brushing wíth 

WASH-OUT 2 weeks new .toothbrushes and new toothbrushes and 

toothpastes provided toothpastes provided 

EXPERIMENTAL 

3 weeks Placebo agent Bleaching agent 

PHASEIT 

POST-
Time 

Evaluatíon; continuation ofthe Evaluation; continuation ofthe 
required 

EXPERIMENTAL bleaching treatment on both bleaching treatment on both 
forthe 

PHASE arches; follow-up arches; follow-up 
volunteer 
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Table 3: Exploratory estimates* for enamel and dentin responses on Knoop microhardness 

according to the quality of dental Jragments, treatment agents and periods. 

Quality of the Treatment Enamel Dentin 

dental 
Agents Period 1 Period 2 Period 1 Period 2 

fragments 
OPA 59.6 ( 7.0) 57.4 (14.4) 12.7 (1.5) 16.7 (10) 

Demineralized 
PLA 102.6 (147) 57.7 (13.9) 11.8 (1.2) 15.3 (0.9) 

OPA 187.4 (216) 250.2 (13.8) 30.8 (4.2) 39.8 (2. 7) 
Sound 

PLA 244.2 (14 9) 275.5 (13.4) 29.8 (2.5) 38.8 (3.2) 

* Mean (standard error)- m (se)- confidence interval at 95% is taken by m ± 1.96.se 
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Graphs 

Graph 1: Bar diagram ofthe mean Knoop microhardness illustrating the effects of 

the treatment agents, quality of the dentalfragments and periods for the enamel fragments. 
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Graph 2: Bars diagram ofthe mean Knoop microhardness illustrating the effects of 

the treatment agents, quality of the dental fragments and periods for the dentin fragments. 
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Figures 

Figure 1: Dental fragments fixed to the vestibular surfaces o f the superior first molar 

and second premolars. 
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IV) Conclusão 

Nas condições em que estes cinco estudos foram conduzidos e de acordo com a 

análise dos resultados obtida, conclui-se que os agentes clareadores de peróxido de 

carbamida podem alterar a microdureza dos tecidos dentais e que a saliva, no período pós

clareamento, apresenta um efeito remineralizante. Especificamente, conclui-se que: 

A) Diferentes agentes clareadores com a mesma concentração apresentam difer~ntes 

efeitos sobre a microdureza superficial do esmalte dental humano hígido; 

B) A utilização de dentifrícios dessensibilizantes pode manter ou aumentar a 

microdureza do esmalte dental humano quando submetido ao tratamento com 

agentes de peróxido de carbamida a I 0%; 

C) O peróxido de carbamida a 10% pode diminuir a microdureza superficial da 

dentina humana hígida em função do tempo; contudo, os valores de microdu~eza 

no período pós-clareamento são semelhantes aos valores iniciais devido ao efeito 

remineralizante da saliva artificial pelo tempo de 14 dias; 

D) Agentes clareadores contendo peróxido de carbamida nas concentrações de 10, 

15, 16 e 22% diminuem a microdureza do esmalte dental humano hígido em 

função do tempo, embora a saliva artificial apresente um efeito no aumento da 

microdureza no período pós-clareamento; 

E) No estudo in situ, os resultados sugerem que há alterações da microdureza do 

esmalte dental humano hígido e desmineralizado após o tratamento com o 
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peróxido de carbamida a I 0% pelo período de três semanas, embora tais 

alterações não ocorram para a dentina humana hígida e desmineralizada. 
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Anexo 1: Comprovante de publicação do artigo "Effects oj two 10 percenl carbamide 

peroxide bleaching materiais on enamel microhardness at dífferent time intervals ". 

CE Articfe #7~201 (1 crediVAGD code 780) Research Artic!e 

Effects of 10% carbamide peroxide bleaching materiais on 
enamel microhardness 
JOSÉ AUGUSTO RODRiGUES, DDS, MS, ROBERTA TARKANY BASTJNG, DOS, MS, MONICA CAMl'OS SERRA, DOS, MS, SCO 
& Al'iTONIO LUIS RODRÍGUES JR, DDS, MS 

ABSTRACT: Purpose: .To evaluate the microhardness of enamel trcated with two different 10% carbamidc pcroxide 
bleaching materiais at different time intervals. Materiais and Metlrods: Two bieaching agents wcre analyzed: 
Opalescence (OPA) and Rembrandt (REM). The control group (CON) consisted of dental fragments maintained in 
artificial saliva. Bleaching was accomplished for 8 hrs per day and stored during the remaining time in an individual 
recipient with artificial saliva. Enamel microhardness testing was perfonned before the inítial exposure to the treatments 
and after l, 7, 14, 21, 28, 35 and 42 days. Results: The ANOVA, followed by the Bartlet and Tukey tests, showed 
significao! differences for treatments (P< 0.00001) from day 7~day 42. From the 7th to the 14th day, OPA presented an 
increase of enamel microhardness over time while REM presented a decrease of úlicrohardness. Statistical differences 
were not found between REM and the control group (OPA> CON =REM). From the 21st-35th day, enamel fragments 
bleached with OPA and REM presented a decrease of microhardness. Statistical differences of microhardness were 
verified among ali the treatments (OPA> CON >REM). On the day 42, statistical differences were not found berween 
OPA and the control group, but they were found between REM and the control group (OPA"' CON >REM). The 
polynom.ial regression showed an íncrease of microhardness for OPA until the 21st day, followed by a decrease of 
microhardness up to the 42nd day. A decrease ofmicrohard.."less for REM was verífied. There were alterations in enamel 
microhardness as a function o f bleaching time when using the two different I 0% carbamide peroxide whiteners. O ver a 
42~day treatment time, bleaching with REM agent caused a decrease in enamel m.icrohardness. The OPA agent initially 
increased the microhardness, then rerurned to the control leve!. Different bleaching materiais with the same 
concentration o f carbamide peroxide have different effects on the enamel. (Am J Dent 2001; 14:67-71 ). 

CUJ'\tCALStGNIFJCANCE: The potential effects caused by bleaching v.ith 10% carbamide peroxide agents on enamel must 
be known by dentists. The effects o f bleaching agents on the enamel microhardness o ver time are important parameters 
to evaluate if a demineralization process is occurring. 

CORRESPONDENCE: Dr. Mónica Campos Serra, Faculdade de Odontologia de Piracicaba- UNICAMP, Departamento 
de Odontologia Restauradora - Dentistica, Avenida Limeira, 90 l - Areião, CEP: 13414~900, Piracicaba - SP. BRAZIL, 
Fax: 55~19-43()..5218; E-mail: mcserra@terra.com.br 

lntroduction 

In the past few decades, the demand for conservative 
esthctic dentistry has dramatically grown and so has thc rapid 
development of new nonrestorative treatments for díscolored 
teeth. 1 Frequently, vital . teeth present changes in c olor that 
substantially compromise esthetics. As nightguard vital 
bleaching 1 has gained popu!arity with patients and dentísts as a 
conservative technique to lighten natural teeth, laboratories 
have rapidly introduced bleaching products into the market. 2 

Many of the newer systems contain 10% carbamide peroxide3
'
4 

with carboxypolyrnethylene polymer as a thickening agent to 
improve tissue adherence and allow for a time or sustained 
release ofthe whitening agent.5 The original technique involves 
the app!ication of the bleaching agent in a custom-fitted vinyl 
nightguard for 6-8 hts a níght from 2-6 wks.6 

The exact mechanism of bleacb.íng is unclear. lt is an 
oxidation reaction whereby the l 0% carbamide peroxide in 
the presence of saliva releases 3% of hydrogen peroxide 
(which penetrates enamel and dentin to lighten the tooth) and 
7% urea. The hypothesis o f bleaching is that as the oxidizing 
agent diffuses thtough the ínterprismatic substance of the 
enamel, the highly pigmented carbon ring compounds are 
opened and converted into chains, which are lighter in colar. 

!57 

Ideally, this is the point (the saturation point) at which 
whitening should be tenninated. 7'

8 As the bleaching o f vital 
teeth involves the direct contact of the whitening agent on the 
outer enamel surface for an ex.tended period of time, many 
studies have evaluated the potential adverse effects of these 
carbamide peroxide agents. Using SEM analysis, severa! 
studies,7.9·l& reported changes in enamel surface morphology 
with varying degrees of porosity and alteration. On the othcr 
hand, other studies INt showed no changes in surface 
morphology o f human enamel using SEM evaluations. 

Some alterations in enamel m.icrohardness, though without 
clinicai significance, after exposure to l 0% carba-mide 
peroxide under a variety of in vitro conditions, have been 
reported.22•24 Furthennore, a combined in vitrolin vivo study

17 

demonstrated .. ra decrease of the ínitial microhardness o f 
enamel, fo!lowed by an increase in enamel mü:rohardnt:S> Juc 
to a possible remineralization phenomenon of saliva. Teeth 
exposed to lO% carbamide peroxide lost. ca~cium, 2 ~~~~ough this reduction o f mineral content was not SJgruficant. Loss 
ofmineral content from the outer tooth structure ordemineral
ization alters enamel microhardness,28

.1
9 even though saliva, 

fluorides or other remineralizing solutlons can maintain the 
equilibrium between the phenomena of de:nineralization and 
remineralization. 
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The lack of conclusive evidence of the effects of bleaching 
agents on enamel rnicrohardness suggests the need for additional 
research. Little is known about the long term consequences of 
bleaching agents on the enamel surface and tie influence of 
saliva as a fimction of bleaching time on human enamel treated 
with different 10% carbarnide peroxide materiais. 

Tilis in vitro study evaluated the microhardness of enamel 
treated with two different 10% carbamide per oxide materiais 
at different bleachlng times. 

Materiais and Methods 

Experimental dcsign 
The factors under study were three treatments: 

Opalescence,a Rembrandt,b (experimental groups) and artifi
cial saliva (control group); and 8 time leveis: O, 1, 7, 14, 21, 
28, 35 and 42 days. 

The experimental units consisted of 63 dental fragments, 
randomly and evenly assigned to the 3 different treatments. 
The experimental group was treated with the bleaching agents 
8 hrs per day whlle the control group remaíned in artificial 
saliva. Repeated measurements of microhardness were taken 
from eacb specimen at specific times. 

Tbe response variable was núcrohardness evaluated 
quantitatively. With "time" an independent varíable, it was 
possible to obtain a response~surface curve by means of linear 
models.30 The study diagram is illustrated in Fig. l. 

Prcparation of the dental fragmcuts 
Twelve unerupted freshly extracted third molars were 

used. After extraction, the teeth were kept in 2% formalde· 
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hyde (pH 7.0). The teeth were subrnítted to a soft-tíssue 
debridement with periodontal curettes and cleaned with a 
slurry of pumice in a webbed rubber cup in a slow~spccd 
handpiece. The roots were removcd approximately 2·3 mm 
apical to tbe cementoenamel junction. The crowns were 
sectioned longítudinally to obtain dental slabs (4 mm x 4 mrn 
x 3 mm) using a double-faced diamond disc, producing 63 
dental fragments. 

The dental fragments were individually embedded in 
polystyrene resin in a ring mO!d, allowing only one side of the 
dental fragment left unsealed by the polystyrene resin. The 
specimens were serially polished by means of 400, 600 and 
1000 grade sandpaper. These procedures were conductcd to 
fonn parallel planar surfaces for the microhardness tests. 

A unifonn 7 mm2 area of exposed enamel was creatcd on 
the specimens by coveríng thc remaining dental fragment with 
a nail vamish, which was impermeable to I 00/o carbamide 
peroxide and water. The spccimcns wcre randomly al!ocatcd 
to the "treatment" groups (n = 21 ). 

Spccification of thc blcaching materiais 
Two commcrcial bleaching agents were investígated: 

Opalescence and Rembrandt TI1ese materiais are ADA 
approved, syringe dclivered 10% carbamidc peroxide base 
glycerín gel and do not contain fluoride . 

Exposure of the dental fragments to thc blcaching 
materiais 

The speeimens in the experimental group were treated 
with the bleaching agents 8 hrs per day for a total of 42 days, 
by covering the dental fragments with 0.02 rnl of each 
bleaching material. After the bleaching period, the carbamide 
peroxide gel was removed under running deionized and dis
tilled water. During the remaining time, the fragments were 
individually kept in 20 m1 o f artificial saliva. 

The specimens in the control group were kept in 20 ml o f 
artificial saliva 24 brs per day. The artificial saliva was 
changed daily after washing the dental fragments under run~ 
ning deionized and dístilled water. During these eyclcs, the 
experimental and control specimens were kept in a humid 
atmosphere at 37°C. The artificial saliva used was proposed 
by Featherstone ef a/,31 ,as described by Serra & Cury.32 

Microhardness tests 
Microhardness measurements were perfom1cd before thc 

initial exposure to the treatments and after I, 7, 14, 21, 28, 35 
and 42 days. The tests were conducted immediately following 
S hrs ofbleaching for the experimental groups. For the contra! 
groupS, the dental fragments were removed from storage and 
tested just before changing the artificial saliva. 

K.noop microhardness was measured keeping the long axis 
of the diamond perpendicular to the outer enamel surface 
using a microhardness tester (Model FM·le~). Three 
indentations were made on each specimen with 50g load 
applied for 20 s each time. The microhardness measurements 
were taken on the subsurface enamel from the cut section of 
each dental fragment with each indentation randomly located 
l 00, 200 and 300 iJ.m from the ou ter enamel surface to the 
dentin-enamel junction. Since there were multiple test times 
(eight test times ofth.ree índentations each), thc distance be-
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fig. 2, Mean Knoop mtcrohardness for cname! fragments bleached Wlth 
Opalesccnce, Rcmbrandt and for the contro! group as a function of lime and 
the mathematical mode!. 

Linear regression was used to verify the "time" factor 
(log-scale) in each "treatment". The mathematical model and 
the comparisons among the mean K.noop hardness for each 
bleaching material or artificial saliva in each time are 
presented in Fig. 2. The control group did not present 
significant differences in microhardness as a function of time, 
bcing represented as a constant function (Y = 224, 77). 

The linear regressíon illustrated the mathematical modeis 
that express the rnicrohardness of the dental fragments of the 
control and experimental groups as a function of tíme. An 
increase in microhardness was notíccd in the enamel 
fragments bleached with OPA up to the 21st day, followed by 
a dccrcase of microhardness up 10 the 42nd day. For the 
control group specímens kept in artificial saliva, there werc no 
significant differences of microhardness as a function of time 
(represented by a constant function). The enamel fragments 
bleached with REM presented a decrease o f microhardness as 
a function o f time. 

Discussion 

Despite the beneficiai effects on home·applied whitening 
agents in reducing or eliminating stains, the fmdings of the 
current study pose certain coocerns with both carbamide 
peroxide gels evaluated. Many studies have reported that 
changes in eoamel surface are evident.7

•9-
18 Although surface 

morphology was not a factor studied in this experiment, both 
positive and negative alterations in enamel rnicrohardness 
were found with both products evaluated as a function of 
bleaching time. 

In the original protocol prescribed by Haywood & 
HeymaiUl, 1 the average time recommended. for optimal 
change calor is 6 wks, although slight effects may be ooted as 
early as 2 wks. Some manufacturers, however, ínstructed 
dentists to allow patients to use their ovm discretion to deter· 
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mine the duration of treatment, stating that "the product 
should be used untíl the desired result is achíevcd". 12 

By means of microhardness tcsts, the mineral profile of thc 
ename! resulting from a demineralization and remineralization 
process could be obtained.28 Demineralization of enamcl struc
ture occurs ata criticai pH of 5.5.2S.l 1

.3
4 In fact, the bleaching 

agent Rembrandt with a low pH between 4.9-5.2 11 induced a 
decrease of the microhardncss vabes as compareci to the con
trai group from the 21st day to the 42nd day dueto demineral
izatíon. lhe resulls of this investigation showed that REM can 
cause a demineralization effcct on enamel surface. Significant 
alterations of cttamel surfacc microhardncss values wcrc a!so 
observed by Shannon et ar whcn using REM bleaching agent 
for 4 wks. Havwood <:I u/, 20 however, affim1cd that othcr 10% 
carbamide pcr~xide solutions ü1 vitro did not cause any signifi
cant changcs in thc enamcl surfacc morphology, rcgardless of 
pH leveis. The prt:scnt study employcd storage iu artifícia! 
saliva which contains calcium and phosphatc ions that incrcasc 
the remineralization potential and may a,1;proxirnate this condi
tion to that found in oral environ-ment.31 v 5

•
36 lt is possible that 

the remineralization effect was not observed because the íntact 
cnamel is less rcccptive to remineralization than demineralizcd 
enamel.34 

Furthem10re, it was pointed out that a moderate low-pH 
bleaching solution in 'Yivo reduccs thc pH o f saliva in thc mouth 
during the frrst 5 mins and that after 15 núns of treatmcnt, the 
pH increases above baseline, probably attributed to the 
chenúcal reactions of neutralizatíon of acidic carbamide 
peroxide by saliva. s A crucial shortcoming o f this study is that 
we do not have the exact pH value o f the products. Also crucial 
to the clinical application of this data is that the pH in the 
mouth may risc5 as citcd above, but we do not know what the 
pH in this study did during the S·lrr application, no r i f the pH o f 
the bleaching product behaves similarly, 

As this study did not evaluate the microhardness in a post· 
bleaching period, with the potential for remincralization, it 
cannot demonstrate that thc reported decrease in microhard
ness is a signiftcant clinicai problem that persists following 
the active bleaching pbase. A recovery toward pretrcatment 
microhardness values might be expected. Important factors 
such as salivary fiow, buffering capacity of saliva, oral 
hygíene 11 and the use of topical fluorides7

Y' may increase 
remineralization of bleached enamel. So, a remincralization 
effect could wcll bc expected in vivo. 

On the other hand, enamel fragments treated with OPA, 
v•tith a pH betwecn 5.5-6.5,9

•
18

'
19

.23 presented an increase of 
microhardness as a function of bleaching time until the 21st 
day. After this period, there was a decrease of microhardness 
but not less than the microhardness foWld in the contrai group. 
lt was also observed that, on the 42nd day, there was no statis
tical difference of micfuhardness betwcen the spccimens 
bleached with OPA and the control group. Murchison ez a/11 

also showed no statistical di!Terences in pre- or postbleaching 
microhardness values for OPA using artificial saliva as a sto
r<.~~e agent. A slight decrease ofhardness was found by Smidt er 
a/'3 for OPA product, but wíthout statístJcally stgnificant 
differences after 16 days. The present study used a longcr 
period of bleaching time corresponding clinically with the 
prolonged ti.-ne used by the palients. We can also point out that 
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Table. Mean values for microhardness, standard deviation (SO), number ofspecimcns and the Analysis oi Variance (ANOVA) 
for control and experimental groups. Tukcy test (n:presented by the lctters) eompared the factor "treatments" in each "time" 
(lhe subscts are specific for separa te days). 

Control Group Experimental Group 
Time Mcasures Artificial saliva OPA REM p 

Me:m '217.6 • 224.1 • 222.6 

o SD 39.2 50.4 50.9 0.8959 

2l 20 20 

Mean • 233.7 • 239.8 • 218.8 
ld SD 62.3 42.7 53.8 0.4586 

2l 19 20 

Mcan • 219.5 • 303.6 • !'i?.J 

7d SD 48.1 49.5 38.0 0.0000 

" 2l 20 20 

Mean '204.1 ~ 287.4 '166.0 
l4d SD 42.6 52.2 41.9 0.0000 

" 2l 20 2l 

Mcan "222.7 ' 303.2 '162J 
21d SD 41.2 47.42 32-4 0.0000 

20 20 20 

Mean • 216.9 • 279.5 • 134.3 
28d SD 36.4 33.68 35.1 0.0000 

21 20 20 

Mcan • 208.7 '272.6 • 122.3 

35d SD 39.2 37.01 47.5 0.0000 

" 21 20 21 

Mean "215.9 • 255.4 '130.8 
42d SD 44.0 35.28 52.4 0.0000 

21 20 21 

Equa! sutx:rscript lc\lcrs horizontal!y indicate mcan vatues that are not sigmfi.::antiy diffcrcnt. 

tween each indentation was 200 !J.m from the occlusal to the 
cervical surface, Each indentation was measured only once. 
The average of the three indentations was used as the value 
for each time period. 

Statistical aualysis 
The statistical analysis considercd thc average o f the thrce 

measurements taken from each specimen. The average of the 
thrce indcntations in each dental fragmen! was uscd to obtain 
the Knoop hardness number {KHN) by the following 
calculation: 

KHN- 14.23 X 103 
X F 

d' 

where F was the value o f the applied load (in g) and d was 
the diagonal indentation (in pm). 

Statistical analysis using the ANOV A for a completely 
random design was employed, considering "treatment" in 
each "time". The method of decomposition of sum of square 
followeà by Tukey test was applied for pairwise comparisons 
among "treatment" in each "time". The data were analyzed by 
software STATA.<U3 

160 

Results 

The ANOVA showed no significam diffcrenccs for 
"treatment" at day 1, but showcd significant diffcrcnccs (P"' 
0.000) 1 from day 7 to day 42. Thc Tablc shows thc mcan 
valucs for microhardncss, numbcr ar spccimcns, stamlanl 
dcviation and the ANOVA for the contra! and experimental 
groups. Tukey test is also shown in the Table. 

On the 7th :md 14th days, thcrc wcrc no statistical 
diffcrcnces in m.icrohardness among the enamel fragmcnts 
submitted to bleaching with REM and the control group. 
Enamel fragments bleached with OPA presented the highest 
values o f microhardncss within this pcriod. 

Statístical differences of microhardness werc vcrified 
among all the treatments from the 21st to the 35th day. 
Enamel specimens bleached with OPA presented the highest 
values of microhardness, followed by the contrai group and 
the fragments bleached with REM. 

On the 42nd day, there were no statistical differenccs in 
nticrohardness among the enamel fragments submittcd to 
bleaching with OPA and the contrai group due to a decrease 
of microhardness of the specimens treated with OPA. 
Specímens bleached with REM differed from the others, 
presenting the Jowest vaiues o f microhardness. 
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rernineralization and demineralization processes are occurring 
during the entire evaluation time. 

CliJ.Ucally, the use of this bleaching material for 6 wks may 
not cause an íncrease in tooth demineralization. The small 
dccrcase in cnamel microhardness obscrved from 28 days 
through 42 days in this investígation could be the result 
achleved by the saturation point in bleaching. In this study, the 
decrease in microhardness did not seem to be enough to injure 
the enamel matrix because this decrease was not significantly 
different from the contrai group at the end of the experiment. It 
is unknown if more time had bcen spcnt to bleach the teeth wit.i 
OPA, e.g. when patients want ''over" whitening, if a certain 
degree of damage could be achieved by affecting the enamel 
microhardness and surface morphology. This emphasizes that 
at-home whitening agents requíre professional supervision to 
ensure conect selection of the bleaching agent, proper 
application, recommended amount of geVpaste, length of 
treatment and steps to prevent adverse reactions. 7 Even though 
products have lhe same 10% concentration o f carbamide 
peroxide, other compositional factors of materiais may alter 
their effects on tooth structure. In this study, one product 
caused an increase in microhardness while another caused a 
decrease as compared a control group. 

a. Ultradent Co., South Jordan, UT, USA. 
b. Dcn-Mat Corporation, Santa Maria, CA, USA. 
c. Future Tech Corporation, Tokyo, Jap~n. 
d. Computing Rcsotm:cCenter, San~.Mooica, CA, USA. 

Dr. Rodrigues and Ms. Basting are graduate students, Clinicai fX:ntai 
Scienee, Depamncnt of Restorative Dentistry, School o f Dentistry, University 
ofCampinas (UNICAMP), Piracicaba, Braz.iL Dr. Campos Serra is Professor, 
Dcpartment of Restorative Dentistry, School of Dentistry, University of 
Campinas (UNICAMP), Piracicaba, Brazil. Dr. Rodrigues Jr is Professor, 
Dcpartmcnt ofCommunity Dentistry, School o f Dentistry, University Jülio de 
Mesquita (UNESP), Araraquara, !3raziL 
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ANEXO V======================= 

d bl. c ção do artiao "The effect of 10% carbamide peroxide on Anexo V: Comprovante e pu 1 a " 

the microhardness of sound and demineralized enamel and dentin 'in si/li' ,. 

Clinicai Research 

The Effect of 1 O o/o 
Carbamide Peroxide Bleaching 
Material on Microhardness of 

Sound and Demineralized 
Enamel and Dentin In Situ 

RT Basting • AL Rodrigues Jr • MC Serra 

Clinicai Relevance 

In chnical situation3, tre-atn1ent \vith lOS{. carb:.;micie p~ros.:de agE'nt c:u1 altc1· tb~· 

microhardnes.s of sound and denlincralized ena:.';lel althctug:h ii doe<S not afi"tct tht.
microha:rdness of sound and dC'mineralized dentin. 

SUMMARY 

'l'hi~ in situ study evaluated tbc ruicrohru-dn('.ss 
of sotl.l:ld and deinineralizt-d cnamel and dentin 
submitted to treatmcut váth lOS: carbamide per
oxide for three weeks. A lifí: carbam.ide pc-ro~idc 
bleaching ag·ent-Opalescencdt1tradent (OPA)
was evaluated ags.inst a placebo agent (Pl.A). 
'JV.·o hundred and forty dental fragments-GO 
sound enamel tragments (SE), 60 d(.'lll.ineralized 

l''actüdade de Odontologia de Piracicaba-{J!\jL. 
CAMP, D('<partamento de Odontologia, 
Restaul'adorn-Denttstica, A...-enida Lim(!ira, 
901-Ar~ião, CEP: 13141-900 Piracicaba-sP 
Br.a;r.il 

IWberta Tarh<my .Ba.sti.:::t.g, :.\J:S, Clirú:al DE<ntoJ. ScicnC'e, 
Depa.-tm~n.t of R~~;torat:h'e Dentistry, Schot>l of 
Deuti!'try, "{}ni\·~rsity of Cam}>;nas (V~ICA.MP), 

Piracicaba, B~il 

Antonio Lui:z: Rodrigues .Jr, prcfe.5s:Jr, Departmcnt of 
Cor.w:nurüt_..· Dentisr.::·, School ofDentistry, Uniwrsity 
JUlio d~? :Yiesquita (UNESPl, 1\r;:u·ulua.ra, Bra;::il 

i\lón.ica Campos Sen·.a, profe~sor 

169 

enamel fragr..1ents (DE), 60 ::.ound dcntin fr<lf:
ments (SD) nnd 60 demineralized dt•nriu frur,. 
weutl:> (DD;-werc randowly fixed on ti.lt 

vestibular surface of- the first superior ruolars 
and second superior prlé1molars of 30 volun.te~rs.. 
The volunteers were divided iuto two group:, 
that received bleaching ar tbe placebo ag·~nt at 
different sequcnces a.nd pedods at n double blind 
2 x 2 crossover study with n wash-out pctiocl of 
two weeks. 1\licrohardness tests wer~ perforru(~d 

ou th<' enamE-1 and dentin z;:urfac~,>. The SE .::t.."ld DE 
submitted to treat:ment \Vith OPA showed lO\H'l' 
microhardness valuos than the SE and DE sub. 
mitted to treatment with PLA. There were no sta
tistical differences in microhs..rduess values for 
SD and DD suhiilitted to the treatment with OPA 
and Pl..A. The re:<:oults suggest that treatm(O'nt with 
1 (f-;c carbamide pero:\."ide ble<aching material for 
three weeks a.lt~rs the enàlnel mícroharrlne!.s, 
although it does not seem to alter tbe dc:otin 
microharduess. 

lNTRODUCTION 

Tlle dc:mand fo: conservative aesthctic d<>ntistry h<:.s 
dr~'l.."ll<ttkally grown, So ha:;; the rapid Qe\'dopme;;t of 
r.ew nm1-~storatí\'e trBatru.(,ntS for di;;col<m:d te~:·tb 
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Frequt>:r.tly, vit~J t~..-th pr€.'sent changes i:1 cúlor that 
substar.tially compnmüse the Sr.Jile. A-> ni:.;htgu..t..rd 
\ital bie ... chinghas gai!l.ed popularity \\'ith patients and 
rl«'ntists a..<> a Nnser.:ativc tedHUquç- to lightttn nnt.ural 
tet.-th tHnywond & Heymann, 19$9), modific-.:ttions, 
impro\·cmetlt~ and \'ariaticms of thc tedmique were 
introduced, including u.sin~ a soft custom·fitt.éd tray 
ifrc.m 0.2 to 0.1. llUll tbick), díff.::rent. e~,mcentrations of 
carba;n:ride pcrox:ide ag<:>nts (10 to 22%) with carbopol 
::.nd using these ag€.'nts for onc o~ more intervals during 
tf..e dfly, Diffçrent products 3.nd systems ha\'e appc.ared 
on the market for ín·office t.l~, such as SS~-6 hydrog~::n 

pt:roxide or as O\·er.the-coun.tE'r products (Haywood, 
2994). Howevl?r, 10% carbamide pert):;:ide is still the 
most used at-hODle bleaching technique, with sevcral 
rBports in lite-ratw·e about its safety and effcctivent:$$. 
The decomposition product.s of carbaruide pcroxidê
water-, oxyge.n, aun:o.onia and carbon diox:ide--<>.re ea,.j. 
ly found in the normal proce~es cf the human body. 
Theréore, thc Food and Dn1g Administratio:n 
(H<t}'\vood, 1993) dassifit>s carb2mide pe:-roxide as ~ati? 
a:1d efiê:ctive for human use :u: <Ul oral antiseptic iulO% 
concentration and ha.-> A!JA a~mroval (Hay\Vood & 
Robiuson, 1997}. 

Tcn percent cs.rbamide perox:ide di.<õSociatt>s into 3% 
h~·dr(.lgcn peroxide and 7% ure.n. Thcse products are 
obtained after th.:? dissociation ofthe bleaching prQ(!uct 
wlth the cont."lct vf snliva a::~d oral flultb. C'rea is 
degraded into a:mmouia and carbon díoxide. The hydn)· 
ge!l pero.x.idc, beca use of its .i.nstabillty and ease of 
t.kcomp>witioll into water and ox.,vgen, penetrates 
through the pores of ec.arnel and dmtin to provide thc 
li;htening ofthe teeth, Dueto the low amotmt ofhydro· 
ge:u pe<oxi.dc in the home blcachingproducts (only 3%), 
thcre i.-. a need for a prolo:o.ged con.tact ofthe: ag~nt with 
th~ dental strudure to initiatc tlle o:tidation p.rocess 
CGoldstein & Kiremidjia:o.~Schumacher, 1993; Goldstein 
& Garber, 1995), Blcaching agents a!fec.:t tb.e Hght.ening 
of t<:ooth structure throu.gh dccompos:ition of peroxida" 
il'lto fi:ee rndicals. The free radicals break do·wn !arge 
pig:uem.ed molewles .in ena:::n~.<l and dentin inOO s1uall· 
cr, less pigmt'Ilted moleculcs. Thts is thc polnt (the sat
uration point) at wllich whitening should be tenniuat· 
êd (Goldstein &: Garber, 1995). Ifn proiooged period is 
spe;:~t--that is, when patients want the:ir teeth .. ov~r" 
v.·hítened-protein tnatrix breaks can occur in enaruel 
ucd dcntic (Goldsteíu &. Garber, 1995). Therefore, one 
j>ossibk side-effect of blea.chiug products is that tlle 
enamel ::1nd dentin may be wctlkened by oxidation of 
the organic or inor::a.::Uc element.<~. 

A.:: bleachi.ng of vital teeth invol\'es di!ect contact ofthe 
wbitenirlg agent Oll t..'le outer e:namei surfacc for an 
c:ct.ensive period. oftime, mat~y studies h ave evaluated 
the potent:ial ad.vex-se effccrs ofthese (::lrba:c:ride pcrox
idc a.geni.s. VvOcn using SE.:Vl evaluations, c}...anges in 
enarnel CBen-Amar & others, 1995; Bitter, 1998; Bitter 
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& Sander~. 1993; &·n;,t, Marroq·..u:.1 & \Víller.sh"'u"t::n· 
Z01mchen. 1996; Fla.itt. & lilcks, 1\J%; Josey & oth.:?rs. 
1996; MeGucki:l, I3;~bib & ).Ieye;, 199:2; Nam, Kug:el & 
Habib, 1999; Sha.:w<'ln &- otherx, 1893; SmiJt & oti:uor':-, 
199S: Zal}J.nd & others. 1996) ~wd dçnt-in :;w-Ü1çç ll.lOr

phology (Zall~nd & (•t1len:, 1996) wert' reportetl. 

However, not only t-he rnit.Tomorphoh);n.' of the d;-ntal 
tissues ca.'l be :úfectcd by bleaching agents, but chc .. nge.~ 
í:1 the mineral content ofthe <:namel and dentin o:hottld 
bc evaluated as v:ell, due to the addk property cf tbe 
bieachi:llg àgl~nts CBen-:\ruar & others, 182.5; Ern~t. & 
othen:, 1996~ Leonard & othcrs, 199.;; il-lut~hin;:on. 

C!1arlton & .ii-Ioore,l992; Slllidt & other::.. 1998; Z.:Jkind 
& othet·s. 1996) that toW:d aftE:ct tooth stn1ct\1re. L~~-~~ of 
mineral etm.t-ent or dcmineralization ~lters enamel 3..'1d 
den.-in :mict·ohru·dne.$s (Fe:>.therston~ & others, 1983: 
Rotstein & others. 1996), even thOllgh salh'3. fluoriC'e.; 
or otber remineralizing solutions csn rnaintain the bal
ance between the p!:vnomena of dttmineraiiz~tio!: Md 
remincril.lization. 

In uitro stu.dies have reported :;:omt- alNotion~ i;1 

en<l!nel microhardne.='s a11d loss of caldum aft.er ~->PO· 
surc t.o 10% carbamide pe.roxide (!"dcCracken & 
Haywood, 1996; Rot:stein & other!\, 1~96; Attin & "th. 
ers. 1997; S::oidt & others, 1998; Rod:i.gu~~ & others, 
2001). Nú cbtnges in en<UJJ.el mic~·oh~1ess wcrE
n•!-'•~~"ti:!J. IJ:._. Murchis>m & otbers 1.1992), Seghi & Dt=nry 
(1992), Xathoo, Ch~idewsk.i &. Kirkup \1994) and\ 
)!cCracken & Ha.:.-wood {1995), In dentia, !\atllOu. \ 
Ch.mielcwsk.i & lilikup (1994) shcwed no clJan::cs in \ 
dentin mictoharduess, nlthough Péi::oru & uthers (lft9':!) \ 
an_d Rv:StRiu & ~ther$ (1996) shcv:ed sig':'i:ficsnt alter- \ 
atlons m tb.e- mmeral content whcn usmg 10% car- 1 
bamide pero:x.ide agents. \ 

In a combi.!led in citro·in t>it.'O study-the b!t:aching j 
treat.n1ent was p.:rformed in in ('itro condition .. ~ and thc li 
reminerali:;::ation pe1iod was perfnrmE"d .in,sidt' the 
mouth-Shannon & others (1993) showed a decrease in ] 
tlle initial microharciness of e1~amel duc to Ü1C ble:1r.:h· 
ing agent, followed by an increa.:;e i.• cnamcl m.it.TO
l:ardne~ resulting from a pos.:.ible remineralization 
phevomenon of saliva. 11Dwevor, i:!ltCl':lCtions of tllf:: 

b!cachl.-.g a.,~nt with the ural emi.:Íc·mueut wúe nvt 
evaluated. Thercfore, il! situ studies- shotJ:d bc. C<indud .. 
ed to C\'aluate the dire~t inter<~.ction ru;no.ng llrodu~i. 
süliva, s.oft tissue ;md .sound or demineralh:ed teeth. 

lt ls also possible that bleac.br,g agent.s htn·e bt-cn 
applied on acti,·e coxious lesions in enáruel and demin 
becau.se thexe is a frequent absenc.:e of p:oc~dures te 
a.·nst indpicnt lc$io.os before thc aesthetidre.sturati\·e 
proccdures. Since the bleacl:rillg agent pcnetrate.;; 
t..'u-ough demineralized dent..'ll Ül!'sue;;c. tlltre ii> a nt<;d 
f<:r additional re.seardl on tJ1e etli?cts of the nightg:ua:d 
Ylt."ll bleadU.ng agent or>. these ti:ssues in dinical situa
tions. 
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easting, Rodrigues & Serra: Ettecr of 10'!·U Carbamiée Peroxide on M;crollardness of Tooth srr:1cture 5 }3 

This psper evaluated in situ thc rc.icrohardncss of 
sO\.Uid and demineralh:cd eoamel and dentin when sub
mitted to traatme:lt wi.th :10% carbamidc peroxide 
blt.-aching material anda plac~bo agcntíOr three wecks. 

METHOOS ANO MATERIALS 

AJ E,._-perimenta.I Design 

Thirty voluntc~rs took p::rrt. ín thi.s double-biind exper
iment peri'ormed in t'.'>'O pcriods with a two-week 
·washout period. The volu.nteers were randomly d:ivid
ed luto two groups of 15. Each gnn1p received the 
bleachio.g or the placebo agent for three weeks in dif· 
ferent sequenccs, in two distin.ct peliods (bleaching 
ag-ent-plecebo agent; placebo agent-b!caching 
agent) in a cro.soove• 2 x 2 study CMontgom~ry. 1991). 

Thc fac.toTs under study wer~:: 

Tre~tment Agents: (two leveis) experirnental
Opale;;ce.uce/tJtradent~ control-placebo agcnt; 

Quality of Dental Tissue Fragments: (two levels) 
sound a•·1d d~:mineraliz.ed. 

'l'he expctimental wlits consist.ed of 210 dental frag~ 
ments: 60 souud c.nnmel fragments; 60 demincralized 
en2.!r.:cl fraz,'ll•cnts; 60 sou.ud dentin fra.,<rments and 60 
demi..'leralized dentin fragments. Oú.'e frag.:llcnt o f each 
dental tissue was randomly distributed in complete 
blocks ru.uong 30 volunteers. Eacl1 volu.'"l.teer was con~ 
sidered a bl<x:k. A.ll the volunteers underwent treat~ 
ment- with the bir;<tching agent for tlm~c weeks, then 
for another th.ree weeks váth the placebo agent. 

B) Selcction ofVolunteers 

The volunteers werc 30 adults (23 females aT'...d 7 
males} from 19 to 25 years of age. Each volunteer was 
informed of the objectives, be.uefits and possible risks 
im•olved in this experiment and particip;üed only aft.er 
pro>-iàing writte-n formal cuosent. 'l'his study had thc 
approval of the FOP/CNICAl\·!P Eth1ca1 Committee 
Guideli.ncs b ag:reemcnt with thc ~atinnal Hcaitll 
GouncU lBrritil, 1996). 

Thc volunteer candidates for bleaching treatmcnt 
were undergraduate student.s from the Dental Schunl 
ofPiracicaba, São Paulo, Brazil. Each volu.<teer's need 
fur a blt·.;:~dling 

pa.ting ín this study was wb.:ther vnlunte~;ors \YOre fixcd r

or remuvnble dentures or ol1hodontic app1irt11Ces.:, wcre 
pregnant or nursing wvmcn. smoker.~ or had de-m.in 
st~nsithity. 

' ' Superior and inferior dcnt!l! s.rch impre-ssit•ns wE:>re ~ 
taken v.ith alginate (Jeltrak/Dentsply, :.fildford, DE 
19963, USA) and stone cast molds; were made I.. 

(Vigodent, Rio de Janeiro, RJ, Brazil. 21041-150). 'I11c ~ 
maxillary l'asts wer(:< hrwsosbotH~haped with(•Ut a 
palate to avoid interference with the efficiency of the 
vac-uwn pull ou tbc hot thermoplastic sheet. 

C) Tray \Nightguard) Prl'paration 

In the molds, vestibu!a1· reservoirs with three coat
ing" of nail varnish (Colorama/CEIL Com. Exp lnd 
Ltda, Si10 Paulo, SP, Bra:úl, 0.5113-900) were prepared 
on ali teeth except for the last teeth o f the archC's. 

' o 
' • • 
' On the superiM first uwlars aud superior seçond pre

lllolru-s Cor, when th~ latter were Juissing, the super.i<,r ~ 
flrst premolars),largcr re::;er•oirs of 5 mru :x 5mru x -1 
mm we!'e preparcd \vith con1posite rcsin ·'? 
(Chari.<>mw'Ht:raus Kuhc-r. Wtilirheim, TS~D-61273; ,; 
corresponding to the dcn~al fragmeuts that. --. d be ..... ' 
.5..-wd in the voluntt·crs. .... 

T;.,o sc«iioped trays va~rc manuf.actured fo:r eaeh vol
untcer in a vacuum~forming machine (P71Bio-A.rt 
Equip 0d.(mto16gico.s Ltd<t, Sa.o Carlos, SP, Brazil. 
13568-000) usi.ng a flexiblc ethyl ;•ü1yl acetatB (EV:A) 
polymer (Blo~Art Equip Odontológicos Ltda, São 
CarlrJs, SP, Brazil, 13568-QOO) that was 0.4 mm thick. 

D) Sp~cification of the 1\-'taterials 

A 10% carbamide pcroxide bleaching asent 
(0pa1escence/Ultradent, South Jordan, Utah S4095 
USAJ-re<:ügoized by the AmeliC."\n Dental A<>sociatiod 
(ADA)-was C\'ah.mtC'ci. Thc pH Jt>vel of cl1e blcadling 
ageut was rncasured 'llSing a pH met<:!r <Pr01::,ron, sX 
720, Sii.o Paulo, SP,' Brazil, 04530-970). The control 
group consiste<! of n placebo s.gcnt prepared with car
boximethilcclulo~e and giycerin. The ~:olor, tast-e, fia
ver, consi,;;tency and pa .. ·kat .. ug of the plac~::bo agent 
Wê'.S sinü1ar to the bleachinG' agent.. but the pla.:ebQ 
•vaso pH nt~'lltr~{1 and bad lW actiYe component (car~ 

treatmc·nt was 
ç\·aluated by 

;-· -:-c--=-;;:::-:-=-c:-oo 
~le l: Ccmp0$!1ion, PH. Presentaoon Forme. 'lei MSnl..}f2C!:;rer c! Eac!; Tr<~atm~nt Ag~nr ! 
j Treatml'!nt Agenb / Composltion i pH I Packaglng 1 ro•anufacturer as:>essing tooth 

color u.<>ing a Vita 
shadc guide (Vita 
Zahnbabrik & H 
Raut('r Gn::bH & Co 
KG, Bad 
Sáckingen, 
Ge-rma.oy, D-
79704). Exdu.sitm 
criteria for partici~ 

i Opa.Jescencê 10~~ caroamid& ) s.sa i p.eroxide. carbopoi; ) 
I çJycêrin; fll!I'JOring• j 

F'le~&bo 

I 
5o/~;lycer:n: 1.2% ' I.C 

' ca~po! 9.:.? 

I I 
• ~ """"'•e>:~·~•<!:l&t <le:ln(J;o•:C".N ~e~~c gl • ..,~~Q..,-,,.,;,o-:1 
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I Oisp~n$a!::ll& u::ract;;.n~ Prod~;cts ' 
I Spinge 

I 
!nc, Sou:h Jordan, I 
Utah 84055 USA ' ' Disp<onsaO!a M!xed ~orrnl..lia, 

synnge wi!h Proderma-
package idel'ltiNtJ to Ph<:macy, 
OJ:>.Atescencc Piracicaba, 

13414-ClOO, Sr11s1: 

' 
i 



Ci;::>er.at.i>.:e Dent 1 Str':i 

bru:nide peroxide}. Table 1 pre.;:cnts the basic co~pn~!· 
tion, pH levd, padtafti,ng a11d the :::u<rnuf<:Jctu.rer Ot eacn 
trcatoent agt:nt 
E) Preparution of tbe Dental Fragments 

Forty non-erupted third :ro.olars werE: used in this 
stUd}: lcunedi.ately aftcr extract.ion, the t~eth werc 
kept ju 10% fiJrn1aldehyde at pH 7.0. They were s:ec~ 
tioned vdth double·faced diamcnd discs (KG Soreusen, 
Barucri, SP, Bra:dl. 0&1.54-920) nt a low motor speed 
(l(avo do B.r.:osll, ,Joinville, SC. Brazil, 89221-040), 
dividing the root from the coronary portltln. In the root 
pon:ion, the apical third was discarded ru1d ot~ly the 
cervical region was used. 

Two hu.ndrcd and fo~'ty dental frag1ue.nt.'{ 4 mm x 4 
mm x 2 rum (120 enamel fragments and 120 dentin 
frngme.nts) were obtaitl.ed. The tí"agments prescnting 
st.."lins or crack.s a.."ter observation on stercomicroscope 
at 30x Gvieiji Techno EM2 Series, S.Utama. Japan, 356) 
were l~Ot u.~ed. 

The dental fr3.1,.rmeut:. were embcdded indhi.dually in 
u sE-lf-curing polyester resin wlth the ext~rnal surface 
ofthe enamel or dentin exposed. Thc externa! swiaces 
dthe dental fragments were leveled by a water-cooling 
meçhanical grinder (1-!ax,~nd/Solotest. São Paulo, SP, 
Brazil, 01328-000). For the enamel frag.mcnts, alu~ 

minum oxide discs of 400, $00 nnd 1000 grit wE-re oii~d 
scquentially (Carborundum/3M do B::.-asil Lt.da, 
Smna:ré. SP, Brazll, 13001-9i0) with water coolant. 
Poiishing was perl'onned with polishing cloths (Top, 
Gold and Rron, kotec Ind e Com Lida, Cotia, SP, 
Bra·dl, 06709-150) and diamond pastes of 6, 3, 1 and 
0.25 fim (Arotec Ind e Com Ltda) with mineral oil 
<.:oolant (Lubrificante azul modelv LA, Arotec Ind. e 
(Ã,)m Ltda). For the dentin fragments, ocly alumia um 
oxide di-.;cs were used in a sequential granulation of 
600, 1000 and 1200 srit (Carborundum/SM do Brasil 
Ltda) with water coolant. 

The fr2.c,oments wet·e rcmoved from the polystyrene 
resin with a probe. A1l dental fragments were 
iJlllller$ed in containers with d.istillated nnd ddoni,;cd 
water 4wl ~t~a.""n stqrilizcct ('1\:tt.o.auer 2340:.\1K, 
Ronkonkoma, ~'Y 11779, USA) for 20 minc.té.s at 
121<>C. Steam sterilh:ation is the m.ost effective method 
to avo.id ba~ contamination (Pantera & Schuster, 
1990; A.!::lnechi, Highan & Edgar, 1998; Dewald, 1997) 
and does not change thc mineral content oi the teeth 
(A.mzechi & otherB, l998, Oliveira, Sperandio & Souza, 
1999). 

F) lnduction of Arti!lcial Caries Lesiou 

To obtain 60 c~nlinerali:.:ed enamel tragments and ôO 
deminerali:r.eod de.'lti:u fragmcnts. csries-like lesior:.s 
were gcnerated by a d;;namic ruorl.el of deminerali~
tion and remJ.nerali~tion cycles sirnil<U" to the model 
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p:-oposed by F'cathers:tone & othcrs (19$6: and r.10di· 
fied by S!.!rra & Cury (]9!:}21. 

Thc cnamel fragment.s were >;tlbmitt!Cd to seven 
c-.·cieôi of dc-rerninerali.:.:itinn iSclTfi & Cury, 1992'!, 
\~hilc the dentin fraç.nents \Vere ~ubmitted to th.re~ 
cvcles of de-reluineN~li:r.at-íon (Hara & otht:"rs, 2000\ 
ihe 60 enan1cl dental fragJ.uents and 60 de:J.tÜl frag· 
ment.s that n1ade up the sound group of cach dental tis
sue were not submittcd to de·remineraliz.aton cydes 
but kept imme:rsed in di:::tillated and deionized wnt~.r. 

G) Prepuring the Volunteers for the 
E21:perimental Phase 
The initial color of thc tceth was d€termined by Vita 
scale and photographs werc tnkeo. to compare thc iui
tial to the final color after the experimental phase. 

'I\vo weeks before initiation oftb.e experiment, V'olun
teers recéived toot:hbrushes (Oral B 35/Gillettc do 
Brasil Ltda, :Manaus, Alvl, Brazll, 690i.5~900) and fluo
ride toothpastcs {Cclgatc MFP/ Kolynos do Brasil 
LU:la, O;;nsco, SP, Brazil, 06020-170). The:y rec~ived 
instructions ou how to pcrform the Bass dental 
hygiene tcchnique to standardize the toothbrushin~ 
mcthod and the fluoride lcvels in the mouth. This 
ph13..'>c v; as called the -r1m-i..t' pcliod .and lasted for t\'l."o 
weeks. 

The 30 volumeers were randomly dh'idecl into two 
groups of 15. Group 1 received the ble2.chi.ng treatr.:~.e.ot 
while Group 2 received thc placebo. In a sccond phase, 
Group 1 received the placebo t!'eatment while Group 2 
rec~iYed the bleadling trcatment. 

!-{) E."pcrimental Phases 

Four dental fragm.,.nts, one of so~Uld enam.el, one of 
dcmineralized enatncl, one of sou."'l.d dentin and one of 
demineralized dentin, were randomly fi~ed to the 
Yestihular SUifaccs of the superior first molars and 
superior socond premolars {or, when the latter were 
miss.íng, the superior first premolars) o f cach volwlteer 

F>cur& 1. Osntsl fragmoni!J lix8d to t/le Vf;Siibu/;;,r sutfaces cf tNl suptl
nor lirsf mOlar ;Jnd sr.cond premo! ar.;. 
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' 7aotc 2· · Expenmer:IBI Ph~d Periods of che Stucly Accçrdmg 10 me Voh.;nte-cr Gr011ps {) l\licrohal'dl.le~B. 
'fl.:sts 

I Ph01:se -
1. 

Per!od Group 1 I Group 2 

i 115 votuntGQrs\ '15 volurtteers1 

I AurHn I z, .. " 
Standard::zGd P:>:Shin;; I St.andarc•za::l Dr~s.hin\l wilh 

I with toothbrush{ls aM ' toomt>ru:;h6s arn.l toolhpaster, 
I 

I toothpastas provideá: i 
provideá: tray manufa.c:uring 

tray manu!acturing 

I 2;.;penm~ntill Pt'lase I i 3 weeks S!eaching :lgMI! I ?iR~eOO a;;en: 

I WaSh.O\.lt 

I 
2 weeks ' Standardiled bwshing I S~ndard,zed Otusl>inç wilh I 

I with new too!hbru~es i nB-A too·.ho:-ushes and 
', I and !Oo\hpasi&S proviced ' I :oo!hpaste pro,·idQd 

An acrylic clt-vice 
allowcd the- frag
ments to be held, 
keepíng the long 
a:cis of tlw iudent~
ttlr perpendit"ular 
to the dentill :::l.lr· 
face. Three tni~;ro

hardness indenta
tions were p~r

formcd on the kv
eled ::mrface of each 
cnamel and àentin 
frar.ment with a 

Experi:nental Phase 11 I 3 wgeKs ?!aceDo agent i Si«acr-,ing agent 

i ?ost-E;.;~riment<:.l ~ "nme :equired Evalua:ion; continua:ion 

i 
Eva·vatic:l: oontbwalion c! th€ 

I Phase ' lor Ih« voiunle~r 

I I 

oi thw bls:chir,g :reatmem o~ t1r. biG.ae:h:n;: u~atmiln: O'l 

I on bolh arch&s; foilow-uç bcth afCi~&s: foliow·up 

'-

(Figure 1). The f:rag-mcnts \vere fi.--:.ed using an adh~ 
sive ~ystem (Scot~hbond 1 Multi-purpos€'/3;\-l Dt>ntal 
Product-J>, St Paul, MN 55144-1000 USA) and a com· 
pos::ite resiu (Charisma!Heraus Kulzer). The bleach.ing 
or placebo tre.atment was applie-d in the superior den· 
tal arch of ench. volunteer, wh>:!t'e thc experimental 
unit.;. \vere attJchcd (vestibular :>urfaces of the teeth}. 

Fi1teen vo!unte~-r.$ appli.~d the bla.aching agent 
(Group 1), while 15 volW'lteers applied the placebü 
agent (Group 2) in thc tray and wore it during tlle 
night for about dght hours. They wert! instruckd to 
dean t:he tray aitcr remov:ing it from the ruouth .and 
keep :it in a c~mt.~ner proYided. 

Aftcr three v;eekl> ofthe treatment wit..~ the bleach
i::::tg or pla.cebQ agent (experimental Phase 1), the frag
ments were 1·emovcd \\ith appropriate pliers. Til~: cou:.· 
posiu resin that- adhered to the volunteer's tooth wa.c; 
remo'l'·ed with rusin p()lishing carbidc burs (KG 
Soren>::çn) and aluminum oxide- discs {Suf-Lex!3:M). 

Volunteers w~re then submitte-d to a w; .. tshout pcriod 
of two we-ekJ; to diminate t.h!! residual effects of lhe 
trcatment previously applied. Voluntee.rs rece.ivcd new 
toothbrushes and toothpastes nnd the toothbru.shing 
technique was reinforcc:d. Ncw trays were u::.ed to 
clim.inate any poSl';ible residue~ len. by the previously 
~ppli~d ageut, eliminating the possibility ofit interfer· 
1r:;.g w1th the dfects of the second a.gent used. 

Fom· othcr dental fragmeots-sound ancl den:.int.-~:11-
i:.:cd en~mel nnd sound <~;nd demincralized denün
we::-e fued in tht? S31nC way as tlwr. u.scd fu:r experi
mental Phase 1. This time thc volunteers mcd the 
tn::la~mcnt agent_ (plac~bo or blcaching ageut) not 
...:ecer.-ed at expcnmental Pha.se 1 (e..'>perimental Phase 
2) for anot.her tht"e-e week..::;. 

!lle frngmeut.<; were again remowd ·.vith appropriau,. 
pb.ers. Du."ing e.-.:per.iroeJlta1 Phases 1 a.nd 2, voluo.tccrs 
rec§!ivcd a we~:kly syrir..gr.. of hlt!=.ching or p!accbo 
:.'lg{':D.t. Table 2 shows thc experilnental phase.s anà 
pcrivds of the !5tud,;: ' 
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mic1·ohardne-ss 
tt.<ster (Future Tech-FM-le, Tol;:yo, Japan, 140) acd a 
Knoop indcnt.awr. A load of 25 gr was used for tbe
en:.u11el fragments and a load of 10 f7 w<:~s used for th~ 
dtmtin for fi,·~ ,::econds. 

JJ Stati::.tica.l Analysi.s 

For ::-tattstica) analysi$, the aver;tge ofthe th!·ee E.:1c.op 
Hardne.,s -:\' LU:J.ber:; was tak~?n. Before thi:- Analysis (![ 
Va..-iance, the carl)·-ouo· effe~.:t was deter:mined by the 
t-Studcnt te~t. in ea-.:h volunteer. The Anah.sis of 
Variance for Greco·L.;tin SquaJ"es 2-xZ d.:siin \'i'a~ 
li'lllploycd tu compar~ the- tn~~trueut agenti>, using <i 

three-dimen;.;ional block compost-d of "different 
soquencc;,'' ··pl"niods'" and "quality of the dent;d frag
ment'' C::.íom:gom~:ry, 19911. The stntisticar ,o..nah·.~i:; 

wns lll.adc by Statgraphics plu:> soft\'i'al·e Cdanugisiic:::, 
Inc. Rock<r'1lle, ::.iaryland 20352. liSA;. 

RESULTS 

The l-Student test showed no presencc ofthe ca.ITY·o·;er 
effl!ct fOr Pn~-uncl tp.va.lue-=>0.0269) or for dentiu (p
value=0.0356J. The.-;e re!'"ults permitted a compa!'ison 
bçtweeo treatment agents and qualit.y of th~ dental 
fragroem~ -osith.Cl\lt the carr.t·Ol'er ~ffcct at the s•;, le•;el 
of ~iguific;utce. -

Tab~e 3 $hows the mcru1 ofthe Knoop microh.arcine.~.-:: 
-.·alues for enamd and dentin according to the quaJity of 
th~~ dental t!-agments, treatmt-nt agen~ a.c.d periods. 
:0.1ean Knvo'j) microharduess v3.lucs fçr each gToup, 
pl'riod and quaJity of the dent..1.l fragruent.s are illu;,;~ 
tral~:d in Figures 2 and 3. 

The A.t.a!ysi~ of \'a1iance nf the t':;:perimem .. 1..l design 
cons1dermg the Greco-Latm Squares 2x2: was 
employed. For euamel, there were significa;.lt dill€-r
en,ce::; bdween bleaching and placebo agcnt:; íp
Va.iUe=0.0045J and between sound a.nd denüner.aE:.::cd 
dent<U n·a&-mcr.ts (p·\'J.lue<O.ODOl). The sound and 
dt!mineralized enamc-! .::;ubmitted to 10% c:;:rLaw.idc 
peroxide bleadling agent for three weeks showcd >;i;-
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F.:.:..: NO. 

OperatJVc? Ocn!Jstry 

-. ---------·--------------------
Sound fragmcnts Demineral!zed fr~gments 

300,-----------

250 +--------- Obleaching 

200 +----------- aplacebo 

150+--------

perlod 1 period 2 period 1 period 2 

------------·-·: 
Sound fragments Oeminerali:zed fragments 

Qbleaching 

301--------- 11 pJ<:~cebo 

period 1 period 2 

L-··----
.=.r,.-ra 3. G.vs c/!ê.-:J::"'! of the m01.an Knoop microh;;J.rc!ness 17!vsr:a.tin;; me .::ftecls a: tiie trearmer1! <lg~n:s. qudlity ot ;he .;en:;;! fregm<;n:s 3r.ô periods 
fç; tli.:. de:-.tin tr;.s;er.~s. 

n.ificant io\n?r \"::Uut=s ofmiaoh;;u·clnes.s than thost: sub· 
1:;.;.~ttcd to a pb.'~cbo a~nt. 'I'he I\.noop mitroharô.nê.:;~ 
values f.br s:o~d ênamel fragments were siguifk<ontly 
highel' thzn th~:: Knoop m.lcrohe.rdnesB values fOr dem· 
ineralb>:~à tnamel fragm<'nts in both treatment.s. 

For C.cnti.o, there we.r~:: sig:u.iiicnnt rlifferences betwe(tn 
sound and {!e-mineralized den·~al fragments {p-

vaiue-<0.0001./. There were no signjficant difference:; 
be-rwecn suund 'nd dcmi.neralizecl dentin treatcd with 
b!e.aclling or plact:bo agcnts, but the soWld and dem~ 
iners.l:ized dentin submittcd to 10% ça.rbam.idc pe:roxide 
bleadti.og agent fi1r th.r~e wceks showed slightly ltigher 
v.Uues of :::c.icrohõU"dnass &-an tho!ie t.ubluitted to a 
placcbo agent. The Knoop microhanlne!'i$ values for 
SCI"u...."là dentiA fr~'nJe-nts were signi:fkantly higher tha.:·l 

the Knoon m.krohanint:ss valt:IO'!> fo'C d~mil1erah2.~d 

Ce.otin fraPnents ibr blea.ching and plac:ebo agellt3. 

OISCUSSION 
Sir.ce ir.s introduction by Haywood & HC':"ll.J.;mn 119881. 
nightguard vital bleaching }!;; a procedure-t:hat has dra
matically grown in dental office:s due to its dficiency 
rmd simplicity in remo\ing int!"insi:::: or ext.rinsic stains 
from tedh (Haywood, 1992; Ha)-"'\'lood, 1994). )Iany 
bleaching products contain 10% c;'-l.·brunide pam:Qde 
(Goldstein & KirC'midjian~Schuma<:her, 1993; 
Haywood, 1992) with carboxypulymet.hyl~ne pol}'ill~l' 
a~ a thickening agent tt'l ü:uprove tissu~ adherence and 
allow fo.r a time or sustai:lcd rcle~-'<'t- of the ,~·hitei:.ing 
agent (Haywood, 199·1). 

17-+ 
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- ---------:- Knoo" tcrohardnessAccordingl rta::.:e3:"Explçratory Es~imates• for Enamelancl Dentm Resp~nsss or; . : .- ,.., i wa~ not clinitally 
$il,'llifkaut. \ ;o rhe Quo:My oi OenttJI Fragments, Trc.3tment Agen,s and Penods 

' Enamel I Dentin Differences m 

\ Dem;n&r.alized OF='A ! ~9.6 ( 7.0) 57.4 {14.4) ! 12.7 (1.5) 10.7 (l.O) 

?LA .I 102.6 (14.7) 57,"/ {13.~) I 11-S (1.2 15.3 (0.9) 

I, ouality cf the ' Treatment 1 . 2 p "od 1 Period 2 
Dental Fragmenls I Ag(lnl$ Per!Qd 1 Penod . E"n organic and inor

ganíc conteot can 
also ht! vcrified b;: 
microhardness 
tests <Feathe1·stoue 
& others, 1983). 

39.8 (.2.7) 
scund O?A I 187.4 {21.6) 250.2 {13.8) I 3o.8 (4.2) 

PLA I . :244.2 (14.9) 275.5 (13.4) ! 29.il (2.5) 38.8 (3.2) 

Alt!-ough some in 
:$P~I)cu.t D<tfl QY 1,., f'e.feo..-~"1!('~ vilru studies have 

Although the bl~a.ching ag:ent is applied on ~l;e enam~ \ shown no microhardness changcs on sound enaruel 
el su:rface, the p~idation processes of carbarruae perox· '\and dentin $ubmítted to the treatr.J.ent wit.~ lOÇ" <":<.tr· 
ide take place within the tecth by an iuteraL'iion with bamide peroxide (2\lurchison & others, 1992; Seghi & 
their ~tructura1 components. Thc effects and the mech- Denry, 1992; :\.atl•oo & others, 1994; X.:IeCracken & 
auism of the blt!aching agcnts should be evaluawd to Havwood, 1995), ::;ignificant difierences \Yere found in 
understand po.ssible damages in detriment to the ben· oth.l.)r experime-uts (Pécora & others. 1994; At.tin & oth· 
efits of a more a~:$thctlc s;mile offer<:d by this tecll- ers. l9tl7; Rodrigues &. others, 2001; Shaunon & oth· 
niqu~. ers, 1993; Smidt & others, 1998) . 

In r.:itro studies using SE).:l anatysi$ have demcn
stratt:!d that applying 10'~1; carbnmide peroxidC' on 
e-namel surf<•ce causes mórphological changes with an 
incre<>.se in pc.rosity and ero~ioos (Ben~Amar & crther.~. 
1995; Bitt.er, 1998; Blttcr & Sanders, 1993; Ernst & 
others, 1996; Fb.itz &- Hicks, 1996; Jt1scy & others, 
1996; McGuckin & r.)ther:;, 1992; Nru:o & others, 1999; 
Shannon & others 1993; Smici.t & ()thers, 1998; Zalkind 
& other$. 1996). I:o dentili, an increa.se io thc superfi
cüU nmghncss wa. .. \'erified (Zalk:ind & others, 1996). 
AJthough onlv on.e pttpi:':r report.ed no alh:ration.',: in 
ena."llei (Hay\vood & othcrs, 1990). the ucidic p!oper
ties of bleaching agcnt.s, the prolon.ged. cont2.ct time 
between tb.e lighteuing product and dental surface, 
and the presem~e of grc&ter amounts of carbop11l have 
be.en claimed as possiblc factors that c.an cause these 
superficial ehanges. Clinically, increased poro~ity 

allows the bleaching agent to ea,:;ily penetrate through 
enamel aud dentin and could e.xplain thc t.raru:it-ory 
dental sensithity during its use. 

Regaxdi.ug inorgo:u:J.ic and orga.uic ~·1Jmpox1ent.s in àen· 
t~l structure, st-udies should take into account the 
structu.re's mecbani.cal propcrties. Ch2.t1ges in the inor
ganic and Mg;;ullc compoue.cts ratio could be delc.teri
ou;:; to teeth (Fcatherstone &. otherl;, 19&3; 
Fcathersto.'le & others, 1986), Frce radical." of thc 
dE'COmposition of cru.·ba1.nide p~rmdde nl&Y react v.'ith 
org<'..r.ic compor:.ents ofthc de-nt.:U stt·ucture and the low 
pH of bleaching systems may cause demineraliz3.ti.on. 
Loss çf mineral C.'Ul b~ related to the acidic properlics 
of ble-a;;h.iug agents, evEn though Leo:uard & oth~.r.s 

(1994) obscrved an increase in the pH leveis of 10% 
carhamide peroxldc after its dissodatiou in the mouth. 
A loss of calcium after the ex.posurc of enamcl tó 10Çh 
carb;;,m.idf> pcroxide was obsen·ed in some i.n r:itro 
~tudies (McCrackcn & Hayv.:ood, 1996; Rotstein & oth
er.s, 1996), tl1ough. this reduction of mineral contcnt 
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A dyna.n1ic modd of inducing attifici:al czries le~üoos 
thYough pH cycles of dcminerali~ation and remineral· 
iz<ttion solutio11~ Cfe;;ttherstone & others, 1986; S(:'rr.a 
& Cury, 1992; Hara & othcr-;, 2000) was v.sed in t.his 
study. This model pre-sellt.s a correlation v.-ith the initi
ation and progre!>:;;;un of carious le:sions in patients at 
high-risk for carics (Featherstone & others, 1986), 
le:ading to changes in the nüneral aod orgnnic conte-nt 
,)f teeth. The applicability ()f t-he moctel for inducing 
caries can be Vt.'Jified by thc significrult differenccs 
between the quality of enamel ~nd dcntiu ffaJ;Inents 
(p-value<O.OOOl; p-value<O.OOOl). It shows that tlH~ 

den:.ineralization-rel::linerali:.:ation model was efftctive 
in prodtl(.:iug artificial carie$lesions. The I\noop micro
hardne::.s values for sound enamel fragments \VC:re sig~ 

nh"ica:otly higher than those fur de.r:o.irlera1i7.ed eo.amf:l 
fragmcnts in both treatmcnts .. The same occurred for 
sot.md and dernineralized dentin fragments. 

For cna.-nel fragrncnts, it wa:> 'lrerified that sound <l.nd 
deminerahzed fr-agmEmts submitted to eflh:ts of the 
blcaching agcnt prt.::ented lower microhardness value:.: 
than ;:;ou:J.ci .aud demineralized fragmcnts :mbmittcd to 
the placebo agcnt. These rcsults were obta.ined by fi_-.;. 
ing lhe dentàl fragments in a \·cstibular locnt-ion
cl~se to the pz.rotid salivary gland duct exit where 
there is a low-risk for ca.ries. Because the fr<l.gments 
were maintained in the mouth during all experimental 
phases and at the same loc."\tion {with con;;:t.ar.t flow of 
::;aliYa, temperature and pH changes, flW)tidf-~, tüoth
brush abra-;;ivenê!:':S and effccts of liquids and f1.10cis i.n 
the oral ~nvlronment), t.he authors consider tht: n:s-ults 
rdiable. The bkachi::J.g a_çent caused a ruincralloss m 
human det1tal frag!llents, ev~::n though saliva, plaqu~:: 
contrai and fluorid~:o wcrt> pres-ent in t.he oralenviron
ment. Tht:se factors could be responsible for maintuin· 
ing the balrulC(! betwee11 tl1e dcllliner:illiz.ation and 
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rcmineraliLation pht>nomena. Th1,;: minerá.l ](t::S can 
not only bc related to thc pH le'>·el of the bleaching 
agent. Leonard & others (1994) sho\H:·d that a 10% car
bamide pero.:cidt• ~olutioll with a r.:wderately low-pH 
prese.c.ted an increase of it;; pH ili'\'t-1 ;,'lf~er tivE> minutcs 
of degrads.tion, rcaching a neutral pH. Howe,:er, the 
pH Ievel of OPA uscd in th.lí-: e:-.periment was r.ot as 
3(id.ic, but an increa."e of OPA p.B. levei ca.n also be 
e.xpected. Thus, prolonged cnnts.ct betwe~n the prod~;.ct 
and dental stn1cture cem be rcsponsible for the 
dccreSSP. ln m.ícroharduess values. Duc to a high ]evel 
of mineral content of "narael. the bleaclüng agent 
:::eems to cause a demineralization çffect. in the enamel 
struct.ure, even though a ~li;~ht decrease in orgauic con
tem in t.he enamd could take placc úhe perccntnge of 
o:ganic content <.nd w~ter in enamel is arou:ud 4'/é (ten 
Cate, 19S8). 

For dentin fragruents, there was no significant diffe ·. 
enc12 betwecn the bleacbing <md pla.cebo agUJt.. The 
percentage of mineral coutent in dentin (70%) is lower 
than in cnamel (ten Cõltc, lDSS). Tl1erclore, the 
authors' results also sugges;t that, s.1t.'lough some alter· 
ations occur in the dl?ntin, thcse e.ffects do not ds..:nage 
the- iuorgcmidol'ga.n.ic content ln der:tin structure. bt:t 
signif.ican.tly atrect the :mineral conte.ct ()f the en~ml:?l 
fragroents. 

This espcriment cru1 also eluddate the important:e of 
nc.t applyin.~; bleadling agents O:l early carious l~ions 
due to their damaging eifccts. On sound dental st.~c~ 
tures, blea.Çhi:og agents can bc used as an <1-esthetic 
treat.m~nt, but on/:'. should be awarc ofthc lov:er micro~ 
h<U'd.uess values. obtained in t1U$ stud,;.: There is a pos
sib,ility that h~man enamel eould be damaged, 
althoug.h the efl:ect.s of higher COnC(llltratione of fluo~ 
rides a:nd a post·bleaclling time were not evaluated. 
Perhap:. a prnlongeà time contat"t betwcen the dental 
srrut.:ture with -:;aliva and !luOJiêe.<> could help re\'er.se
ti1e ratio betwcen org<mic and inorgaok m.incr<~1 con
tent S..'ld to rctuyn to the ioi-:ial condit:ions: which could 
i.ucrease the ~<:namcl ro.icroh:l.rdne~.s \'alues. This 
emphasizes tha.t at-horne bJeaching age.nt.s require 
f:.tture re.search, e\·en thougQ. profl;'.ssional supervision 
car: eusurl:' correct se!ectio.o ofthe p:roper case, corrçct 
.appl.kation a::::d steps to prevent adverse l'IO>actio:1s. 

CONCLUSIONS 

a) t:rec:.tm~nt \\ith lO% carbamidc pero.r.iCc bl~aching 
mate:nal for th,·~e weeks alters the :t::.icrohardne.ss of 
sound and dcmincralb:ed enamel: 

í 

I 
I 
! bl ';.re~tm;:nt wit..~ 10% carbaroide pe.roxidt;.' bleaci1in;; i 

matenal .or t.hrec weeks does not altc:r the micro-
hardue~s of sound and demi.oerali:::ed dentin, .... / -

::.'-"- ~ 
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Certificamos que o Projeto de pesquisa Intitulado "Efeito da utilização do peróxido de carbamlda a 10% associado à aplicação de dentifrício 

fluoretado sobre a microdureza do esmalte em diferentes tempos", sob o protocolo n° 99/99, do Pesquisador(a) Rogério de 
Oliveira, sob a responsabilidade do Prof(a), Dr(a). Mônica Campos Serra, está de acordo com a Resolução 196/96 do ConselhO 
Nacional de 5aúde/MS, de 10/10/96, tendo sido aprovado pelo Comitê de Ética em Pesquisa- fOP. 

Piracicaba, 24 de fevereiro de 2000 

We certify that the research project with tit!e "Effect of a carbamide peroxide 10% agent associated with the ap!icatlon of a fluoride dentifrice 

on enamel m/crohardness at different time !nterva!s ", protocol n° 99/99, by Researcher Rogério de Oliveira, responsibifity 
by Prof. Dr. Mônica êampos Serra, Js In agreement wlth the Resolutlon 196/96 from National Committee of Health/Health Department {BR) 
and w~s approved by the Ethlcal Commlttee rn Research at the Piracicaba Dentistry SchooJIUNICA.MP (State University of Campinas), 

Piracicaba, SP, Brazil, Febrwary 02 2000 

d.&. ~-f 
Prof. Dr. PedWL.Ji~ Rosalen 
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UNlCAMP 

COMITÊ DE ÉTICA EM PESQUISA 
Universidade Estadual de Campinas 

Faculdade de Odontologia de Piracicaba 
CEP-FOP-UNICAMP 

CERTIFICADO 

• 
Certificamos que o Projeto de pesquisa intitulado "Efeito do peróxido de carbamida a 10% sobre a microdureza da dentina em diferentes 

tempos", sob o protocolo no 98/99, do Pesquisador( a) Patricia Moreira de Freitas sob a responsabilidade do Prof(a). 
Dr{a}. Mônica Campos Serra, está de acordo com a Resolução 196/96 do Conselho Nacional de Saúde/MS, de 10/10/96, tendo sido 
aprovado pelo Comitê de Ética em Pesquisa- FOP. 

Piracicaba, 22 de fevereiro de 2000 

We certify that the research project wlth title "Effect of 10% carbamlde peroxide agents on dentin mfcrohardness at different time lnterva!s ", 

protocol no 98/99, by Researcher Patricia Moreira de Freitas, responslbility by Prof. Dr. Mônica Campos Serra, is in 
agreement with the Resofutlon 196/96 from National Committee of Health/Health Department (BR) and was approved by the Ethicaf 
Committee in Research at the Piracicaba Dentistry Schoot/UNICAMP (State Unlversity of campinas). 

Prof, Dr. Pe~J~t, 
Secretário - CEP/FOP/UNICAMP 

Piracicaba, SP, Brazil, Febrnary 22 2000 
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UNICAMP 

COMITê DE ÉTICA EM PESQUISA 
Universidade Estadual de Campinas 

Faculdade de Odontologia de Piracicaba 
CEP~FOP-UNICAMP 

CERTIFICADO 

Certificamos que o Projeto de pesquisa intitulado "Efeito de agentes clareadores de peróxido de carbamida sobre a microdureza do esmalte 

em diferentes tempos", sob o protocolo no 91/99, do Pesquisador(a) Roberta Tarkany Bastíng sob a res~nsabilidade 
do Prof(a). Or(a). Mônica Campos Serra, está de acordo com a Resolução 196/96 do Conselho Nacional de Saúde/MS, de 10/10/96, tendo 
sido aprovado pelo Comitê de Ética em Pesquisa- FOP. 

Piracicaba, 15 de março de 2000 

We certlfy that the research project with title "Effect of 10 percent peroxlde carbamlde agents on enamel m!crohardness at different b!eachlng 

times", protocol n• 91/99, by Researcher Roberta Tarkany Basting, responsibility by Prof. Dr. Mônica Campos Serra, 
is In agreement wlth the Resolutton 196/96 from National Committee of Heatth/Heafth Department (BR) and was approved by the Ethlcal 
Committee In Research at the Piracicaba Dentistry Schooi/UNICAMP (State Unlversity of campinas). ,, 

4"..&. y~ 
Prof. Dr. Pedr~ ~osalen 

Secretário- CEP/FOP/UN!CAMP 

Piracicaba, SP, Brazi1, March 15 2000 
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ANEXO IX======================= 

Anexo IX: 
Certificado do Comitê de Ética em Pesquisa para o desenvolvimento do projeto 

"The e.ffect of 10% carbamide peroxide onthe microhardness oj sound and demineralized 

-
enamel and dentin 'In si tu' ". 

~~ 
~ .. ~· UNIVERSIDADE ESTADUAL DE CAMPINAS 

FACULDADE DE ODONTOLOGIA DE PIRACICABA 

CEP- COMITÊ DE ÉTICA EM PESQUISA 
UNICAMP 

PARECER DO CEP FOPIUNJCAMP 

Comunicamos que o Protoco:o de Pesquisa referente ao Projeto No. 84/98: 

Título do Projeto de Pesquisa: Microdureza de tecidos dentais e deSrn!neralizadOS submetidOS a ação 
"in situ~do ge! clareador de peróxicio de carbamida à 10% 

Pesquisador Orientador/Orientado: 
Prof' Monica Campos Serra 1 Roberta Tarkany Basting 

apresentado a este Comitê para análise ética, segundo a Resolução 
CNS 196/96. do Conselho Nacional de Saúde, de 10/10/96, e de acordo com cópia 
do projeto arquivada em nossa secretaria, foi considerado: 

[X] Aprovado, em reunião realizada em _02112198_. 
[ J Aprovado com pendência, devendo o Pesquisador encaminhar as modificações 

sugeridas em anexo para complementação da análise do Projeto. 
J Com pendência. 
] Reprovado. 

·Anál'lse e parecer do relator (com resumo do projeto): ~ 
o projeto v;sa avaliar a microdureza de tecidos dentais hígidos e desmineralizado:~~:n~~l 
submetido à ação do gel dareador de peróxido da carbamrda a 10% pelo período de 03( 
semanas. Para o experimento será utilizado 240 fragmentos dentais sendo 60 de esmalte 
higido, 60 desmineralizadas e 60 de dentina. Estes fragmentos serão fixados nas faces! 
vestibulares dos 2°5. molares e 1°s. m,olares superiores de 30 voluntários, (alunos de 
graduação e pôs.graduação). Sobre os fragmentos será aplicado o agente clareadorl 

1 
comercial e placebo. A avaliação dos tecidos dentais hígidos e desmineralizados. serão I 

!
realizados através de ensa1os de rnicrodureza. Considerando ser um trabalho de valor! 
clinico apreciâvel, uma vez que está sendo realizado aplicações caseiras, aleatórias, com 
procedimentos inadequados podendo ser considerado prejudicial ao paciente, sugerimos I 

1que o projeto seja APROVADO. 
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