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 RESUMO 

Este estudo avaliou a rugosidade de superfície do esmalte antes (baseline) e após o clareamento; e 
investigou a influência de diferentes concentrações de peróxido de carbamida (PC) na morfologia da 
superfície. Sessenta blocos planos de esmalte, obtidos de terceiros molares humanos, foram 
distribuídos aleatoriamente em 6 grupos (n = 10) e submetidos a cinco tratamentos clareadores por 14 
dias: 1) sem tratamento clareador (NB-controle), 2) 10% PC – Opalescence (O10), 3) 15% PC – Opalescence 
(O15), 4) 20% PC- Opalescence (O20), 5) 10% PC- Whiteness (W10) e 6) 16% PC – Whiteness (W16). A 
topografia da superfície foi mensurada por meio de um perfilômetro e a superfície do esmalte foi 
examinada com o microscópio eletrônico de varredura (MEV) em aumentos de 5.000 e 20.000 vezes. A 
rugosidade de superfície inicial (baseline) foi semelhante para todos os grupos (P > 0.05). Todos os 
agentes clareadores promoveram aumento significante da rugosidade de superfície (P < 0.05). Foram 
observadas alterações na superfície do esmalte após o clareamento. As microscopias em MEV 
demonstraram que diferentes concentrações de peróxido de carbamida causaram dissolução 
superficial do esmalte, expondo uma superfície porosa. 
PALAVRAS-CHAVE: Esmalte dental. Branqueamento. Morfologia. 
 

ABSTRACT 

This study examined the surface roughness of enamel before (baseline) and after bleaching; and 
investigated the influence of different concentrations of carbamide peroxide (CP) on the surface 
morphology. Sixty flat enamel blocks obtained from human third molars were randomly assigned to 6 
groups (n = 10) and submitted to five carbamide peroxide treatments for 14 days: 1) without bleaching 
treatment (NB-control), 2) 10% CP - Opalescence (O10), 3) 15% CP - Opalescence (O15), 4) 20% CP - 
Opalescence (O20), 5) 10% CP - Whiteness (W10) and 6) 16% CP - Whiteness (W16). The surface 
topography was measured by a profilometer and the treated enamel surfaces were examined with a 
scanning electron microscope (SEM) at x5,000 and x20,000 magnifications. Baseline roughness 
average was statistically similar for all groups (P > 0.05). All bleaching agents promoted significantly 
increased surface roughness (P < 0.05). Enamel surface morphologic alterations were observed after 
bleaching treatment. SEM photographs showed that different concentrations of carbamide peroxide 
caused enamel surface dissolution, exposing a porous surface. 
KEY WORDS: Dental enamel. Tooth bleaching. Morphology. 
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INTRODUCTION 
 

Carbamide peroxide is the active component in most tooth-whitening agents for home-applied bleaching 
[1]. This treatment protocol comprises the application of carbamide peroxide gel in a custom fabricated 
bleaching mounthguard, which is placed over the teeth to facilitate the contact with the bleaching agent. Tooth-
whitening products are dispensed and monitored by dentists, and daily exposure to 10% carbamide peroxide for 
up to five weeks [2], based on clinical evaluations and researches, is a safe, conservative and effective 
procedure for whitening teeth [3-5]. 

Nevertheless, submitting the teeth and oral tissues to low concentrations of carbamide peroxide for an 
extended period of time may cause side effects [1]. Scanning electron microscope (SEM) evaluations have been 
conducted on enamel surfaces treated with carbamide peroxide and contradictory evidence of adverse effects 
has been related. No detectable changes in surface texture and topography were observed between 
unbleached control group and the bleached groups with 10% carbamide peroxide [6-9]. However, depending on 
the tooth-whitening product, 10% carbamide peroxide can promote varying degrees of surface porosity and 
structural change [10-15]. 

In an attempt to improve the whitening effects, bleaching agents with up to 22% carbamide peroxide are 
also available for at-home bleaching [16-19]. However, the possibility of increased adverse effects with higher 
concentrations has not been thoroughly studied and still needs to be determined. 

The purpose of this study was to evaluate the influence of different concentrations of carbamide peroxide 
on the surface roughness of human dental enamel. In addition, enamel surface morphology of unbleached 
control specimens and bleached specimens were investigated using SEM. This study tested the hypothesis that 
increased carbamide peroxide concentrations may produce proportional adverse effects. 
 

MATERIALS AND METHODS 

 
Thirty extracted sound erupted third molars stored in 2% buffered formalin solution were used within one 

month of extraction. The teeth were obtained after approval of the Ethical Research Committee of Piracicaba 
School of Dentistry/Unicamp, Brazil. The roots were separated from the crowns, which were sectioned 
mesiodistally using a water-cooled slow speed diamond saw (Isomet - Buehler Ltd., Lake Bluf, IL, EUA). Sixty 
dental fragments from buccal and lingual enamel surfaces (3.5 x 3.5 x 2.5 mm) were obtained and individually 
embedded in self-curing polyestyrene resin in a ring mold. Enamel surfaces were flattened with wet 600-, 1000- 
and 1200-grit aluminum oxide abrasive papers and polished with 6, 3, ½, and ¼ µm–grit diamond pastes on a 
polishing machine (APL-4 – Arotec, Cotia, SP, Brazil). 

Before bleaching treatments, a profilometer (Surf test 211 – Mitutoyo, Tokyo, Japan) was used to measure 
the initial surface roughness (baseline). Three measurements in different directions were recorded and the 
mean Ra value (µm) was determined for each specimen. Two commercially available bleaching agents, 
containing different low concentrations of carbamide peroxide (CP) Opalescence (Ultradent Products Inc., 
South Jordan, UT, USA) and Whiteness (FGM Produtos Odontológicos, Joinville, SC, Brazil) were used in this 
study. 

Specimens were randomly divided into six groups (n = 10): Group 1- Control, no bleaching treatment; Group 
2- 10% CP - Opalescence (O10); Group 3- 15% CP Opalescence (O15); Group 4- 20% CP - Opalescence (O20); Group 5- 
10% CP – Whiteness (W10) and Group 6- 16% CP – Whiteness (W10). Control group was kept in artificial saliva at 
37oC for 14 days and was not bleached. For bleaching groups (2, 3, 4, 5 and 6), enamel was exposed to one daily 
application of carbamide peroxide for 8 hours during 14 consecutive days.  

In each specimen, approximately 0.1 mL of bleaching agent and 0.05 mL of artificial saliva was applied on 
the enamel surface and covered with an individual tray. During bleaching, the specimens were placed in 100% 
relative humidity at 37o C, and after daily bleaching; the specimens were thoroughly rinsed with an air/water 
spray for 10 seconds and stored in artificial saliva [20] at 37o C. After 14 days, surface roughness was recorded 
for each specimen again.  Profilometric analysis data were statistically analyzed by two-way analysis of variance 
(ANOVA) and Tukey test at 0.05 level of significance. 

Specimens were removed from the acrylic blocks and prepared for the scanning electron microscope (DSM 
940A – Zeiss, Jena, Berlin, Berlin, Germany). Then, specimens were sputter coated with gold in a vacuum 
evaporator (MED 010 – Balzers Union, Liechtenstein) and SEM photomicrographs of a representative area of the 
surfaces were taken at 5,000X and 20,000X. 
 

RESULTS 

 
The average surface roughness of experimental groups are displayed in Table 1. Two-way ANOVA showed 

significant influence of both factors (treatment and time) on surface roughness. Baseline data were performed 
in order to verify the similar initial surface smoothness (P > 0.05) and to contrast differences between untreated 
and treated enamel in the same group. Specimens from control group stored in artificial saliva for 14 days 
presented no increase of surface roughness mean values (P > 0.05). However, all bleaching agents produced 
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significant increased on the surface roughness (P < 0.05). After 14 days of tooth-bleaching, O15, W10 and W16 
bleaching agents promoted higher surface roughness (P < 0.05) than unbleached control group, which was 
similar to O10 and O20 (P > 0.05).  
 
Table 1- Mean values (±SD) of surface roughness (µm) of unbleached and bleached enamel surfaces (n=10) 

Means followed by different letters (lower case - horizontal and capital letter - vertical) differ among them by Tukey test 
(P<0.05). 

 
Representative photomicrographs of polished enamel surface and enamel stored in saliva for 14 days 

(control group) are shown in Figures 1a and 1b. No surface morphologic alterations are noted on unbleached 
enamel surfaces. The surface morphology of enamel following exposure to 10%, 15%, 16% and 20% carbamide 
peroxide revealed alterations in surface topography when compared to unbleached control group. Morphologic 
alterations were more evident for O15, O20, W10 and W16 than O10, which presented porosities, irregularities 
and pits at some sites of the bleached enamel surface (Figures 2a and 2b). Irregular pattern of enamel etching or 
erosion is noted for others bleached enamel photomicrographs (Figures 3a, 3b, 4a, 4b, 5a, 5b, 6a and 6b). 
 

DISCUSSION 

 
Previous tooth-whitening protocols employed caustic chemical agents [21-23], which were capable of 

causing enamel surface alterations [12,24,9]. When hydrogen peroxide-containing bleaching agent was 
associated with preoperative etching and heat application, extensive structural changes in enamel were 
observed [14,25]. Mouthguard bleaching using 10% carbamide peroxide was developed to substitute the use of 
high concentrations of hydrogen peroxide in order to minimize their adverse effects [2]. 

In the present experiment, specimens treated with bleaching agents revealed significant increased on 
surface roughness, demonstrating that alterations on enamel surface may occur. Storage in artificial saliva did 
not affect the surface roughness of unbleached control group specimens. SEM observation showed that 
superficial morphological alterations or pattern of enamel etching were not evident after 14 days of artificial 
saliva storage for unbleached specimens (Figures 1a and 1b). 

Differences were noted between unbleached and bleached enamel surfaces under SEM observations. 
Different concentrations of carbamide peroxide in contact with enamel surface provide morphological changes, 
causing increased surface roughness and erosion or etching-like appearance. Alterations were not uniform 
throughout the surfaces, thus, some areas showed little effect of the bleaching process, whereas other areas 
showed decalcification and increased porosity of the enamel surface.  

A lower extensively altered surface was observed for O10 (Figures 2a and 2b). Pits and irregularities were 
noted for O10, which produced surface roughness that was similar to control group after 14 days of bleaching 
(O10) or artificial saliva storage treatment (control), respectively. O20 was also similar to O10 and control group, 
however, a more altered surface was noted (Figures 4a and 4b). O15, W10 and W16 bleaching agents also 
promoted morphological alterations, leading to increased surface roughness after bleaching (Figures 3a, 3b, 5a, 
5b, 6a and 6b, respectively). 

The oxidative process on enamel surface and pH of tooth-whitening products have been considered the 
main cause of adverse effects of bleaching on mineralized tissues. Inquiries have been raised if oxidative 
process will create porosity in enamel [1]. Studies have reported that enamel treated with a low-pH carbamide 
peroxide agent show slight surface erosion under SEM [15] and that the greater peroxide concentration, the 
more acidic the pH of the bleaching product [26]. The dentist-supervised home-bleaching products have a mean 
pH of 6.48 [19]. Despite the close to neutral pH level of the bleaching agents, changes on bleached surfaces 
were presented after bleaching treatments.  

Carbamide peroxide (10%) degrades into 3% hydrogen peroxide and 7% urea, which is capable of penetrating 
into the enamel and affecting the interprismatic regions [27], as observed in bleached specimens of this study 
(Figures 3a, 3b, 4a, 4b, 5a, 5b, 6a and 6b). Thus, urea may contribute to the structural changes and roughness of 
enamel. However, beneficial side effects can be promoted by alkaline property of urea that decreases the 
hydrogen ion concentration of the bleaching solution and reduces the whitening adverse effects [28,3]. 

 

Groups Control O10 O15 O20 W10 W16 

Baseline 0.12±0.0 Aa 0.11±0.02 Aa 0.11±0.0 Aa 0.12±0.02 Aa 0.12±0.0 Aa 0.12±0.0Aa 

14 days 0.12±0.0 Aa 0.20±0.08 Bab 0.27±0.0 Bb 0.21±0.06 Bab 0.24±0.0 Bb 0.21±0.0 Bb 
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Figure 1- Enamel surface morphology from unbleached control group. No alterations or pattern of enamel etching are noted. 
Figure 2- Enamel surface exposed to O10. Pits (arrow), porosities and irregularities are noted. Figure 3- Enamel surface 
exposed to O15. Irregular patterns of enamel etching and affected interprismatic structures (arrows) can be seen (C - enamel 
prism core). Figure 4- Enamel surface exposed to O20. Irregular patterns of enamel etching and affected interprismatic 
structures (arrows) can be seen (C - enamel prism core). Figure 5- Enamel surface exposed to W10. Erosion or mild 
demineralized areas showing irregular patterns of enamel etching (arrows). Figure 6- Enamel surface exposed to W16. Erosion 
or mild demineralized areas showing irregular patterns of enamel etching (arrows). A- original magnification x5,000. B- 
original magnification x20,000 
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CONCLUSIONS 
 

This investigation showed that in vitro use of different low concentrations of carbamide peroxide resulted 
in significant increased surface roughness and SEM evaluations revealed that tooth-whitening products tested 
have a potential demineralizing effect on the enamel surface. 
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