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SUMMARY Concern has been expressed regarding the

adverse effects of peroxide-containing tooth bleach-

ing agents on enamel surface. This study examined

enamel average surface roughness before (baseline)

and after an in-office bleaching protocol and inves-

tigated the influence of high concentrations of

carbamide peroxide gels on its surface staining and

morphology. Flat enamel surfaces were submitted

to 35 and 37%% carbamide peroxide or to no bleach-

ing treatment (n = 10) and evaluated with a profi-

lometer. Eight specimens from each group were

randomly selected and immersed in a 2%% methylene

blue solution. Afterwards, specimens were ground

into powder and prepared for the spectrophoto-

metric analysis. Two remained specimens of each

group were examined using a scanning electron

microscope. Data were subjected to analysis of

variance and Tukey test (P > 0Æ05). Baseline rough-

ness average was statistically similar for all groups,

however, 35%% carbamide peroxide produced the

roughest enamel surfaces. Different concentrations

of carbamide peroxide produced similar staining

means and enamel surface morphological altera-

tions.
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Introduction

Bleaching methods have been developed and peroxide

compounds at different concentrations are used for

tooth whitening procedures (1–3). Peroxide-containing

vital tooth whiteners are classified into three categories,

according to application mode and peroxide concentra-

tion. Oxidizing agents for professional use only contain

high concentrations of carbamide peroxide (35–37%)

and hydrogen peroxide (30–35%) solutions, while

patient-applied tooth whiteners for at-home bleaching,

containing up to 20% carbamide peroxide and 10%

hydrogen peroxide, are dispensed and monitored by

dentist. Over-the-counter products are available

directly to consumers for home use, however, its safety

is questionable (4, 5).

Daily exposure to 10% carbamide peroxide for up to

5 weeks (2), based on clinical evaluations and resear-

ches, is a safe, conservative and effective procedure for

at-home tooth whitening (4, 6–8). Nevertheless,

concerns have been raised regarding changes in enamel

surface morphology because of oxidative process

produced by the bleaching gel. Low concentrations of

carbamide peroxide can promote varying degrees of

surface porosity and structural change, depending on

the bleaching agent (9–14).

Techniques and materials have been introduced for

in-office tooth whitening procedures. The use of

concentrations of carbamide peroxide of up to 40%

are an alternative to nightguard vital bleaching and to

high concentrations of hydrogen peroxide in-office

bleaching. Moreover, high concentrations of carba-

mide peroxide can also be used as a pre-treatment and

associated with at-home bleaching (3, 15). Treatment

times vary from a few minutes to a couple of hours

and consist of gel placed on teeth, alone or contained

in a mouthguard, with the possibilty of repetitive

aplications. Alterations on enamel surface can be

produced by the high concentrations of carbamide

peroxide used in in-office technique (15, 16), how-

ever, their adverse effects have not been thoroughly

studied.

ª 2004 Blackwell Publishing Ltd 155

Journal of Oral Rehabilitation 2004 31; 155–159



The purpose of this study was to evaluate the

influence of high concentrations of carbamide peroxide

gels on the surface roughness and staining susceptibility

of human dental enamel. In addition, enamel surface

morphology of untreated control and bleached speci-

mens were investigated by scanning electron micros-

copy (SEM) observations.

Materials and methods

Fifteen extracted sound erupted third molars stored in a

2% buffered formalin solution were used within

1 month of extraction. The teeth were obtained accord-

ing to protocols that were analysed and approved by the

appropriate institutional review board of the Piracicaba

School of Dentistry – University of Campinas and with

the informed consent of the donors.

The roots were separated from the crowns, which

were sectioned mesiodistally using a water-cooled slow

speed diamond saw*. Thirty dental fragments from

buccal and lingual enamel surfaces (3Æ5 · 3Æ5 ·
2Æ5 mm) were obtained and individually embedded in

self-curing polyesterene resin in a ring mould. Enamel

surfaces were flattened with wet 600-, 1000- and 1200-

grit aluminium oxide abrasive papers and polished with

6, 3, 0Æ5, and 0Æ25 lm-grit diamond pastes on a

polishing machine (APL-4)†.

Specimens were randomly divided into three groups

(n ¼ 10): Group 1 – control, no bleaching treatment;

Group 2 – 35% carbamide peroxide ⁄Opalescence

Quick�‡ and Group 3 – 37% carbamide perox-

ide ⁄Whiteness Super�§. Control group was kept in

artificial saliva at 37 �C and was not bleached. For

bleaching groups, a 0Æ1-mL of the carbamide peroxide

gel was dispensed on enamel for 30 min. Afterwards,

specimens were rinsed with distilled water and stored in

artificial saliva (17) at 37 �C, until next application. The

bleaching procedure was repeated four times with a

72-h bleaching interval.

A profilometer (Surf test-211)¶ was used to measure

the surface roughness, before (baseline) and after

bleaching procedures. Three measurements in different

directions were recorded and the average surface rough-

ness (Ra) was determined for each specimen. Eight

specimens from each group were randomly assigned to

the staining test. Specimens were immersed in a 2%

methylene blue solution at 37 �C for 24 h. Specimens

were rinsed with distilled water for 30 s, air-dried,

removed from the acrylic blocks and ground into powder

in a mill for hard tissues**. The resulting powder was

placed separately into test tubes, which were filled with

5 mL of absolute alcohol. After 24 h, the solutions were

centrifuged at 315 rad/s for 3 min†† and the supernatant

used to determine the absorbance in a spectrophotom-

eter (DU 65)‡‡. Standard solutions of methylene blue in

5 mL of absolute alcohol were prepared, containing 0–

4 lg of dye mL)1. The absorbance of the standard

solutions were determined at wavelengths ranging from

500 to 700 nm, and the best results were obtained at

596 nm. Prior to determining the absorbance of experi-

mental solutions at 596 nm, the correlation coefficient

(r) between dye concentration and absorbance of the

standard solutions was calculated, an r-value of 0Æ997 was
obtained. To estimate the dye concentration on the

experimental specimens, a linear regression was obtained.

The regression equation expressed as:

y ¼ 0 � 024x � 0 � 00071;

where y is the absorbance and x is the dye concentra-

tion. The dye uptake of each specimen was expressed in

lg dye mL)1, lower values indicating lower staining

susceptibility. Data from profilometric examination and

spectrophotometric analysis were statistically analysed by

one-way analysis of variance and Tukey test at 0Æ05 level

of significance.

Two specimens of each group that were not submit-

ted to the staining test were prepared for the scanning

electron microscope (DSM 940A)§§. Specimens were

sputter coated with gold in a vacuum evaporator (MED

010)¶¶ and photomicrographs of a representative area

of the surfaces were taken at 5000·.

Results

The average surface roughness and dye uptake for

experimental groups are displayed in Table 1. Baseline

data were performed in order to verify the similar initial

*Isomet, Buehler Ltd., Lake Bluff, IL, USA.
†Arotec, Cotia, SP, Brazil.
‡Ultradent Products Inc., Salt Lake City, UT, USA.
§FGM Produtos Odontologicos, Joinville, SC, Brazil.
¶Mitutoyo, Tokyo, Japan.

**Macroni – Siemens, Piracicaba, SP, Brazil.
††Ic-15AN; Tomy Seiko Co. Ltd., Tokyo, Japan.
‡‡Beckman Instruments Inc, Fullerton, CA, USA.
§§Zeiss, Oberkochen, Germany.
¶¶Balzers, Balzer, Liechtenstein.
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surface smoothness (P > 0Æ05) and to contrast differ-

ences between untreated and treated enamel in the

same group. The use of 35% carbamide peroxide

increased surface roughness significantly (P < 0Æ05),

while control group and 37% carbamide peroxide

promoted no alterations on surface roughness

(P > 0Æ05).

Regarding the dye uptake, no statistical significant

differences were observed when enamel surfaces were

treated with 35 or 37% carbamide peroxide (P > 0Æ05).

However, unbleached specimens presented more stain-

resistant surfaces than specimens bleached with 37%

carbamide peroxide (P < 0Æ05) and similar to 35%

carbamide peroxide bleached specimens (P > 0Æ05).

A representative photomicrograph of a polished

and unbleached enamel surface (control) that was

stored in artificial saliva for 12 days is shown in Fig. 1.

The surface morphology of enamel following exposure

to 35 and 37% carbamide peroxide gels revealed

alterations in the surface topography when compared

with unbleached control group. Irregular pattern of

enamel erosion was evident in bleached specimens,

which resemble a type II acid-etching pattern (Figs 2

and 3).

Table 1. Mean values (�s.d.) of

surface roughness (lm) and dye

uptake (lg dye mL)1) of unbleached

and bleached enamel surfaces
Group

Surface roughness

Dye uptakeBaseline 12 days

Control 0Æ120 (�0Æ024) a NS 0Æ129 (�0Æ032) a 0Æ046 (�0Æ006) a

Carbamide peroxide 35% 0Æ104 (�0Æ031) a S 0Æ158 (�0Æ055) b 0Æ071 (�0Æ026) ab

Carbamide peroxide 37% 0Æ095 (�0Æ015) a NS 0Æ118 (�0Æ057) a 0Æ224 (�0Æ167) b

Mean values followed by same vertical letter were not significantly different by Tukey test

(P > 0Æ05).

Fig. 1. Enamel surface morphology of an unbleached specimen

(control group). No alterations or pattern of enamel etching are

noted.

Fig. 2. Enamel surface exposed to 35% carbamide peroxide.

Affected interprismatic structures (arrows) and irregular patterns

of enamel etching can be seen (C – enamel prism core).

Fig. 3. Enamel surface exposed to 37% carbamide peroxide.

Affected interprismatic structures (arrows) and increased porosity

can be seen (C – enamel prism core).
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Discussion

Previous in-office vital tooth bleaching techiniques

have used high concentrations of hydrogen peroxide

(1, 18, 19), which promoted enamel surface alterations

(14, 20, 21). When a hydrogen peroxide-containing

bleaching agent was associated with preoperative etch-

ing and heat application, extensive structural changes

in enamel were observed (9, 22). Nightguard vital

bleaching using a 10% carbamide peroxide gel was

developed as a conservative and safe method to

minimize the adverse effects, often associated with in-

office bleaching (2). The effects of increased carbamide

peroxide concentrations have been studied in a attempt

to promote an improved whitening effect and reduced

whitening protocol time (15, 16). High concentrations

of carbamide peroxide have been indicated for in-office

bleaching procedures, in order to substitute the use of

hydrogen peroxide solutions (3).

In the present experiment, surface morphological

differences were noted between the unbleached control

specimens and those bleached with 35 and 37%

carbamide peroxide. The bleaching process comprises

peroxide penetration into enamel, oxidizing tooth

stains and discolorations (4). Enamel surface in contact

with high-concentrated carbamide peroxide gels pro-

vide morphologic changes, causing increasing the sur-

face roughness and etching-like appearance. The

bleaching process had little effect in some areas,

whereas in other areas, decalcification and increased

porosity of the enamel surface was notice. Therefore,

alterations were not uniform throughout the surfaces.

Regardless of being close to neutral pH level of the

bleaching agents, enamel changes on bleached surfaces

were observed under SEM. Carbamide peroxide

degrades into hydrogen peroxide, which breaks down

to water and oxygen, and urea which breaks down to

carbon dioxide and ammonia. Arends et al. (23) des-

cribed that urea was capable of penetrating into

enamel, affecting the interprismatic regions, as

observed in bleached specimens of this study (Figs 2

and 3). Thus, urea may contribute to the structural

changes and roughness of enamel. However, it can

promote beneficial side-effects because of urea alkaline

property that raises the hydrogen ion concentration

(pH) of the bleaching solution and reduces the adverse

effects (4, 24).

Although enamel exposed to 35 or 37% carbamide

peroxide revealed similar alterations on surface

morphology, Opalescence Quick that has a pH of 6Æ5,

promoted significant increase on enamel surface rough-

ness. No alterations in surface morphology or enamel

etching pattern were noted in the unbleached speci-

mens (Fig. 1). Whiteness Super produced similar sur-

face roughness to control group and its pH ranges from

6Æ5 to 7Æ2. Peroxide-containing vital tooth bleaching

agents, which are a mixture of different ingredients,

have been shown to produce a specific effect on enamel

in spite of their almost neutral pH (5, 9). In contrast,

other reports have shown that bleaching agents neut-

rality is an important property to avoid roughening of

enamel surface (10, 11).

Scanning electron microscope evaluations have been

conducted on enamel surfaces treated with high con-

centration of carbamide peroxide and contradictory

evidence of adverse effects have been related. No

differences in enamel surface morphology and enamel

mineral profile were observed between unbleached

control group and bleached groups with 35% carba-

mide peroxide (15, 25). However, Oltu and Gurgan

(16) reported that lower concentrations of carbamide

peroxide are recommended over higher concentrations

to avoid changes on enamel surface.

Unbleached specimens were more stain-resistant to

methylene blue than those bleached with 37% carba-

mide peroxide, although no significant differences were

observed between bleaching agents tested. An absorb-

ance spectrophotometer was used in order to quantify

the dye uptake by enamel surfaces submitted or not to

bleaching. The staining susceptibility of enamel cannot

be related to the surface roughness alone, but to enamel

composition, water absorption rate because of per-

meability alterations and irregularities left on bleached

enamel surfaces, which could favour the accumulation

of dye (14, 22, 23, 25, 26).

In summary, the results suggested that high concen-

trations of carbamide peroxide can promote alterations

on enamel surface. The surface roughness and staining

susceptibility can also be affected depending on the

bleaching agent.
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