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The growing interest of dental clinicians in

esthetic dentistry reflects a demand by

patients who seek enhanced appearance.

Dental bleaching, the nonrestorative treat-

ment that modifies tooth color,1 represents

an evolution in esthetic dentistry and has

been gaining popularity.2,3

Correct diagnosis of tooth-staining etiolo-

gy is important for successful bleaching and

has a direct influence on the selection of

whitening agent and technique.1 Bleaching

treatment is performed by using chemical

agents such as 10% and 16% carbamide per-

oxide for home use, with professional super-

vision, and 37% carbamide peroxide and

35% hydrogen peroxide for in-office use.4,5

The action of the bleaching agents con-

sists of decomposing the peroxides into free

radicals. These free radicals diffuse through

the tooth structure, breaking highly pigment-

ed compounds with carbon rings into small-

er, lighter-colored chains.1 Saturation point,
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the moment in which oxidation starts to

harm the organic and inorganic elements of

enamel and dentin, should not be sur-

passed, as that would cause a weakening of

the tooth structure.1,6

Many authors have reported some adverse

effects of bleaching agents, like the decreased

resistance of bleached tooth enamel to abra-

sion and microhardness,7,8 reduction in dentin

microhardness,9 and reduction in dentin bond

strength when the restoration is performed

immediately or up to 1 week after in-office den-

tal bleaching.10 Ten percent carbamide perox-

ide promotes chemical and microstructural

changes in enamel, similar to initial caries

lesions,11,12 but according to Potocnik and oth-

ers,11 these alterations have no clinical signifi-

cance. On the other hand, Basting and oth-

ers13 reported the possibility of bleaching

agents having an influence on active caries

lesions in enamel and dentin.

Thus, considering the changes to the

tooth structure caused by the use of bleach-

ing agents, the goal of this study was to eval-

uate whether these alterations make teeth

more susceptible to the development of

enamel caries lesions. For this analysis, the

at-home and in-office bleaching techniques

were investigated, using carbamide peroxide

and hydrogen peroxide at different concen-

trations as active chemical agents.

METHOD AND MATERIALS

After the experimental protocol was

approved by the Commission on Ethics in

Research of the Federal University of Bahia,

Dentistry Faculty, 30 unerupted human third

molars were selected for this study. All of the

teeth had been indicated for extraction and

were donated by the patients after they

signed a consent form. After extraction, the

teeth were stored in a 10% formaldehyde

solution (pH 7.0). Afterward, the teeth were

cleaned, and the roots were sectioned from

the crowns using double-faced diamond

disks (no. 7020, KG Sorensen), at low speed

under water cooling; the roots were discard-

ed. The coronal portions were sectioned into

90 enamel slabs measuring 5 � 5 � 3 mm.

Each enamel slab received 2 coats of nail

varnish, with the exception of a standardized

circular area of 4-mm diameter, to be submit-

ted to the bleaching agents, and the induc-

tion of artificial caries lesions, through pH

cycling, similar to the model proposed by

Featherstone and others14 and modified by

Serra and Cury.15

Ninety test specimens were divided into 6

groups containing 15 fragments each:

• G1: home bleaching with 10% carbamide

peroxide (Whiteness Perfect, FGM) for 4

weeks

• G2: home bleaching with 16% carbamide

peroxide (Whiteness Perfect, FGM) for 4

weeks

• G3: in-office bleaching with 37% car-

bamide peroxide (Whiteness Super, FGM)

activated by a halogen light curing unit

• G4: in-office bleaching with 35% hydro-

gen peroxide (Whiteness HP, FGM) acti-

vated by light-emitting diode (LED) and

laser energy (Diode/Whitening Lase—830

nm, 0.5 watt; DMC)

• G5: control group for bleaching, submit-

ted only to pH cycling, without bleaching

by any technique

• G6: control group for the artificial caries

development methodology, not submitted

to bleaching or to pH cycling.

Throughout the experiment, the speci-

mens were stored at 37°C in 100% humidity.

For the whitening procedures, the amount of

gel was standardized for each specimen (0.2

mL). In G1 and G2, the bleaching gels

remained for 6 hours per day on each speci-

men, according to the manufacturer’s rec-

ommendations. G3 and G4 were submitted

to 2 in-office whitening sessions in 7 days. In

G3, the gel was dispensed over the tooth

enamel, and the specimens were exposed to

light from a halogen light curing unit for 20

seconds. Then, the whitening gel was

removed from the specimen surface with the

help of gauze compresses. This procedure

was repeated another 2 times in each ses-

sion. In G4, the whitening gel, containing

35% hydrogen peroxide, was prepared by

mixing 3 drops of peroxide for each drop of

thickener, placed on each test specimen,
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and activated for 3 minutes by an LED and

diode laser system (Whitening Lase). Eight

minutes after activation, the gel was removed

and the procedure was repeated another 2

times.

Afterward, G1 through G5 were submitted

to a highly cariogenic challenge by pH

cycling. The test specimens remained in a

demineralizing solution (pH = 4.3) for 6 hours

and in a remineralizing solution (pH = 7.0) for

18 hours, for a total of 14 pH cycles. The

specimens in G6 remained immersed in

deionized water at 37°C throughout the

experiment.

After pH cycling was concluded, 3 inde-

pendent examiners visually assessed the

previously coded specimens, according to

the following scores, representing the pres-

ence and severity of the enamel white spot,

carieslike lesions16:

• Grade 0: absence of caries lesion

• Grade 1: presence of incipient caries

lesion

• Grade 2: presence of moderately active

caries lesion

• Grade 3: presence of advanced active

caries lesion

The examiners did not know the experi-

mental conditions being tested, which char-

acterized the study as a blind study. The

interrater reliability of the scores was

expressed as Cohen’s kappa.17 Data were

analyzed statistically by Kruskal-Wallis and

multiple paired comparison tests.18

RESULTS

The values of the interrater reliability were

expressed in a range of 0.70 to 0.82 kappa

values (A � B = 0.70; A � C = 0.74; 

B � C = 0.82).

After statistical analysis was calculated with

the Kruskal-Wallis test (P < .001) and the multi-

ple paired comparison test, it was found that

G1, bleached with 10% carbamide peroxide,

and G2, bleached with 16% carbamide perox-

ide, both by the in-home bleaching technique,

were statistically equal, obtaining a median

score of 1 (presence of incipient or halted

caries lesion). G3, bleached with 37% car-

bamide peroxide; G4, bleached with 35%

hydrogen peroxide; and G5, which was not

submitted to bleaching but was exposed to pH

cycling, were not statistically different, having a

median score of 2 (presence of moderately

active caries lesion).  G6, which was not sub-

mitted to bleaching or to pH cycling, differed

from all the other groups, having a median

score of 0 (absence of carious lesion) (Fig 1).

DISCUSSION

The presence of carieslike white spot lesions

in the specimens was qualitatively assessed

by visual inspection. This type of analysis is

justified, as the clinical assessment of the

presence and severity of the white stain

lesions is conducted through subjective

observations and examinations by dental

professionals. Serra19 demonstrated that

there is a direct correlation between mineral

loss assessed by visual examination and by

microhardness tests, which enables this type

of experiment to be performed in centers

that do not have laboratory equipment. Thus,

the visual inspection methodology for

assessing carieslike lesions developed in

vitro has been used in studies by Serra,19

Garrido,20 and Nogueira and others.16 The
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Fig 1 Score frequency graph representing demineralization per group.
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kappa values found in this study ranged from

0.70 to 0.82, which, according to Landis and

Koch,17 characterizes a good to excellent

degree of interrater agreement. This result

shows the feasibility of visual examination of

white stain caries lesions.

In this experiment, pH cycling was used to

reproduce a dynamic situation of high cario-

genic challenge, as dental caries represents

a process with alternate demineralization

and remineralization.14,15 This model presents

a correlation to the beginning and progress

of caries lesions in patients at high risk of

caries.14 The presence of white spot lesions

in G1 through G5 and the absence of the

lesions in G6 confirms the efficacy of the arti-

ficial caries induction methodology.

Studies have reported that bleaching

agents may promote alterations in the micro-

morphology and mineral content of tooth ena-

mel,21,22 as well as reduce microhardness.7,13

According to Flaitz and Hicks,23 the significant

loss of minerals induced by the bleaching

agents occurs at the enamel subsurface in a

manner similar to that of initial white stain

caries lesions. The consequence of these loss-

es in the mineral content seems to be an

increase in the space between the enamel

prisms,22,23 as well as an increase in surface

roughness and in the adhesion of Strep-

tococcus mutans.5 Basting and others13 also

mention the possibility of bleaching agents

being related to caries lesion activity in enamel

and dentin, since bleaching substances pene-

trate the tooth tissues by demineralization.

However, this study does not confirm the

hypothesis that the action of bleaching agents

would increase susceptibility to dental caries.

The fact that G3 and G4, submitted to the in-

office bleaching technique using different

chemical agents, did not differ from the non-

bleached but pH-cycled control group (G5)

indicates that the whitening agents were not

capable of reducing the enamel resistance to

cariogenic attack. These findings are in agree-

ment with the study of Burgamaier and oth-

ers,24 in which bleached and unbleached

bovine enamel presented similar microhard-

ness values after being submitted to 1% citric

acid (pH 2.26) etching, confirming that

bleaching was not capable of increasing

enamel susceptibility to demineralization.

Despite the effect of bleaching substances on

enamel causing a reduction in the calcium

and phosphorus contents as well as

microstructural alterations, the microhardness

of bleached enamel is generally not affected.11

In this study, G1 and G2, submitted to the

in-home bleaching technique, presented a

lower score than G3 and G4, indicating

greater severity of white stain lesions in the

latter 2 groups. The majority of the control

group (G5) specimens presented moderately

active carieslike lesions, while G1 and G2,

bleached respectively with 10% and 16% car-

bamide peroxide, presented incipient caries

lesions and were therefore less severe. This

indicates that, in G1 and G2, a protective

agent was probably active against the devel-

opment of caries lesions. Analyzing the com-

position of the bleaching agents used in G1

and G2, one finds sodium fluoride at 0.2%

(manufacturer’s information) which may have

helped to reduce caries activity.25

The cariostatic action of fluoride is related

to the inhibition of tooth demineralization and

to its capacity to remineralize caries lesions.26

The free fluoride ions interact with the calci-

um ions on the enamel surface, forming a

surface layer of calcium fluoride. This layer is

dissolved by saliva and by the demineraliza-

tion process, liberating fluoride ions, which

are slowly diffused into the tooth structure

and can act on the body of the caries

lesion.27,28 Thus, in this study, if there was

some demineralizing action by the bleaching

agents, it may have helped the incorporation

of fluoride ions into the enamel, avoiding the

progression of the white stain lesions in

groups G1 and G2, which were bleached

with fluoride-containing gel.

The protective effect of fluoride was also

shown by Attin and others.2 These authors

observed that after 1% citric acid application

on specimens bleached with neutral pH and

fluoridated (0.5%) 10% carbamide peroxide,

enamel demineralization was less severe

than in the groups bleached with nonfluori-

dated carbamide peroxide or with acid pH.

Burgamaier and others24 also showed that

the bleached and fluoridated enamel was

more resistant to acid etching than the

bleached enamel not submitted to fluorida-

tion procedures.
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Another factor to be considered is the

presence of urea in carbamide peroxide.

According to Lopes and others,29 urea

impedes the pH from getting close to the crit-

ical level, reducing the possibility of enamel

demineralization, and could thus have con-

tributed, in this study, to less severe white

stain lesions in groups G1 and G2. On the

other hand, in the specimens in group G3,

bleached with 37% carbamide peroxide,

reduced severity of the white stain lesions

was not observed, indicating that the pres-

ence of the urea alone was not capable of

reducing enamel demineralization. Besides

the concentration, the difference in chemical

composition between group G3 and groups

G1 and G2 is the presence in the latter 2

groups of sodium fluoride, which probably

acted as a protective agent against deminer-

alization. According to Goldberg and oth-

ers30 and Arends and others,31 the interaction

of urea with human enamel could cause

denaturing of enamel organic matrix pro-

teins, promoting the removal of minerals like

calcium and phosphorous from the enamel

prisms. This evidence was not confirmed in

this study, as the severity of white spot

lesions in group G3 was equal to that in

group G4, bleached with 35% hydrogen per-

oxide, which does not contain urea, and in

group G6, the nonbleached control group.

Therefore, the action of urea in the tooth

enamel demineralization process is still con-

troversial, and further studies should be con-

ducted to explain its action.

Despite the chemical and microstructural

alterations in bleached tooth enamel, there

appears to be no clinical relevance.3,7,11,12,21,23

Furthermore, the reduction in bleached

enamel microhardness may be reverted by a

period of remineralization following the

whitening procedure.32 It could be speculat-

ed that the microstructural defects promoted

by bleaching agents may be repaired by the

absorption and precipitation of the salivary

components.2,33 In this experiment, the calci-

um and phosphate present in the remineral-

izing solution15 used for pH cycling may have

contributed toward remineralizing the possi-

ble defects caused by the whitening gels.

These facts could explain why the bleaching

agents were not capable of increasing the

susceptibility to the development of caries-

like lesions. However, it is important to

emphasize that patients with active caries or

those who are at a high risk for caries should

be treated for caries before being submitted

to any esthetic treatment, including dental

bleaching.

CONCLUSIONS

According to the methodology used in this

study, it may be concluded that:

1. In-office dental bleaching with 37% car-

bamide peroxide activated by a halogen

light curing unit and with 35% hydrogen

peroxide activated by an LED and laser

system does not influence the develop-

ment of carieslike white spot lesions.

2. Home bleaching with 10% and 16% car-

bamide peroxide gel containing 0.2%

sodium fluoride reduces susceptibility to

the development of enamel dental caries.
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