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ABSTRACT

The aim of this study was to investigate the effect of bleaching
treatment with 10% carbamide peroxide in white spot lesions-
affected teeth treated with caries infiltration technique. Cylindrical
enamel-dentin specimens were prepared from bovine incisors.
Baseline color measurement was performed by a spectro-
photometer using the CIE L*a*b* system and specimens were
divided in two groups: Sound (S) and demineralized (D) enamel.
The group S was divided into two subgroups (n = 20): Non-
bleached (SNB) and bleached (SB). The group D was divided
in four subgroups (n = 20): Nonbleached (DNB), bleached (DB),
resin infiltrated/nonbleached (DRNB) and resin infiltrated/
bleached (DRB). Artificial white spot lesions were produced in
all groups D, simulating the presence of active lesions in labial
tooth surface, and after demineralization, caries infiltration with
low viscosity resin was performed in the resin infiltrated groups.
In the bleached groups, 10% carbamide peroxide gel was
applied (2 hours/day for 14 days). New color measurements
were performed after bleaching and color alteration was
calculated using E parameter. Data were submitted to one-
way ANOVA and Tukey test (5%). There were significant
differences among groups when E was evaluated (p = 0.001).
Means (± standard deviation) and results of Tukey test were:
SNB (2.53 ± 0.48)a; DRNB (2.88 ± 1.03)ab; DNB (3.15 ± 0.65)
ab; DRB (2.88 ± 1.03)bc; SB (4.33 ± 0.93)cd; DB (5.27 ± 1.33)d.
The bleaching treatment with 10% carbamide peroxide produced
no significant color alteration in demineralized enamel treated
with resin infiltration technique.
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INTRODUCTION

The whitish appearance of initial enamel caries lesions is
due to the presence of internal porosities beneath an
apparently intact surface layer.1 Although, some laboratorial
studies have shown some degree of remineralization with
the exposure of white spot lesions to different forms of
fluoride application,2,3 clinical studies have demonstrated
that long-existing white spot lesions are stable regarding
de- and remineralization process and fluoride does not seem
to have a significant effect on these lesions.4,5

This means that although an initial enamel caries can
become arrested and change its clinical appearance from a

chalky and rough active lesion to a bright and smooth
inactive lesion, it seldom disappear clinically.4,6 In addition,
during the arresting process, stains can be incorporated into
the lesion and the esthetic can be further compromised.7

Caries infiltration represents an alternative therapeutic
technique to prevent the progression of these lesions, by
means of penetration of a low viscosity resin into the enamel
porosity, blocking the spread of cariogenic acids and the
mineral dissolution.8,9

An additional positive effect of the caries infiltration
technique is that the penetration and polymerization of the
low viscosity resin inside the lesion body allows a change
of the lesion’s whitish appearance to the natural enamel
appearance. This approach may be indicated not only to
arrest early carious lesions, but also to improve the esthetic
appearance of the tooth, masking the white spot lesions.7,8

Color is an important factor affecting the esthetic of teeth
and is influenced by a combination of intrinsic color and
the presence of extrinsic stains that can be deposited on the
tooth surface.10 The use of tooth whitening agents has grown
considerably in recent years as the goal of reversing
undesirable esthetic stains has increased. These bleaching
products usually contain hydrogen peroxide or carbamide
peroxide as the active agent.11

The mechanism by which these bleaching agents work
is based on the action of hydrogen peroxide which is applied
directly on the tooth surface. When carbamide peroxide  is
applied to the tooth surface a chemical reaction occur that
result in the release of hydrogen peroxide.12 The hydrogen
peroxide can diffuse inside enamel and dentin, decomposing
into highly reactive free radicals, which result in tooth
whitening via the oxidation of chromogenic molecules.12,13

When the white spot lesion is masked by the caries
infiltration technique, the chalky white appearance is
removed and the area is restored to the original enamel color.
Nevertheless, this may give the impression of darkening of
teeth by the patients, since they were used to the presence
of the white spot lesions. This can motivate the desire for
bleaching treatment. However, the penetration of infiltrant
resin inside white spot lesions acts as a blocking agent7,9

and can alter the permeability of enamel to bleaching agents,
possible interfering with the bleaching treatment.

Resin infiltration in labial white spot lesions may be
desirable in order to improve esthetics; nevertheless, if
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general tooth color alteration is desirable, the bleaching
treatment should be performed before resin infiltration,
because the presence of a light cured resin inside tooth
structure may hamper the action of whitening agents.

The aim of this study was to investigate the effect of
bleaching treatment with 10% carbamide peroxide on active
white spot lesions-affected teeth treated with caries
infiltration technique. The null hypothesis tested was that
the application technique of the infiltrant resin for the
treatment of white spot lesions does not interfere in the
bleaching agent action.

MATERIALS AND METHODS

Sample Preparation

The methods described by Wiegand et al14 were used to
prepare the specimens. For that, 60 extracted, nondamaged
bovine intact incisors were stored in 0.1% thymol solution
at room temperature until used. From each crown two
enamel-dentin specimens, 3 mm in diameter and 2.2 mm in
height were prepared from the labial surface with a Trephine
Mill.

The specimens were attached to a metal holder and
0.1 mm of enamel was removed by polishing with sequential
aluminum oxide abrasive papers (1,200, 2,400 and 4,000
grit - FEPA-P; Struers, Ballerup, Denmark) in a polishing
device (DP-10, Panambra Industrial e Técnica SA, São
Paulo, SP, Brazil) for 20 seconds each. The dentin side of
specimens was abraded with a 1,200 grit abrasive paper,
removing 0.1 mm of dentin and resulting in specimens of 1
mm of enamel (E) and 1 mm of dentin (D). The prepared
ED specimens were examined under the stereomicroscope
to certify the absence of cracks or other surface defects.
After preparation, the specimens were stored in deionized
water to avoid dehydration.

Baseline color reading was assessed on the enamel
surface of the specimens at standardized ambient conditions
using a Spectrophotometer CM-2600d (Konica Minolta,
Osaka, Japan), which was set to ‘Small area view’ (SAV).
The color and spectral distribution were measured according
to the CIE L* a* b* system, using Spectramagic software
(Konica Minolta). The standard illuminant D65 was set,
with the reflectance mode and the ultraviolet light included.
The observer angle was set to 2° and the specular component
was included (SCI).

The samples were carefully dried with an absorbent
paper (not desiccated) and immediately placed into
individually prepared metal holders with a 3 mm diameter
reading window and the baseline color reading of specimens
were performed.

The results of color measurement were quantified in
terms of the coordinate value L*, a* and b* established by
the Commission International de l'Eclariage (CIE), which
locates the color of an object in a three-dimensional color
space.  The L* axis represents the degree of lightness within
a sample and ranges from 0 (black) to 100 (white). The a*
plane represents the degree of green/red color, while the b*
plane represents the degree of blue/yellow within the sample.
The spectrophotometer was set to make three consecutive
readings, automatically calculating the mean values of  L*
a* b*.  Mean L* value of each ED specimens was used for
stratified allocation among groups of all samples among
the various experimental groups, in order to balance the
initial data.

The groups were divided into two groups: S-sound
enamel (n = 40) and D-demineralized enamel (n = 80). The
group S was divided into two subgroups (n = 20): non-
bleached (SNB) and bleached (SB). The group D was
divided in four subgroups (n = 20): nonbleached (DNB),
bleached (DB), resin infiltrated/nonbleached (DRNB) and
resin infiltrated/bleached (DRB).

Demineralization Process

Artificial enamel subsurface lesions were created in order
to simulate the presence of active white spot lesions in the
labial surface of tooth by individually immersing and storing
the specimens in a buffer solution, according to Queiroz
et al3 proposal. The demineralizing solution was composed
of 50 mM acetate buffer solution containing 1.28 mM
Ca(NO3)2•4H2O, 0.74 mM NaH2PO4•2H2O, and 0.03 ppm
F at pH 5.2 for 24 hours. The specimens were immersed
separately in an unstirred solution at 37°C. The total volume
of solution used was calculated using 2 ml/mm2 of the
enamel area.

Artificial saliva was prepared according to the formulation
of Gohring et al15 and consisted of hydrogen carbonate (22.1
mmol/l), potassium (16.1 mmol/l), sodium (14.5 mmol/l),
hydrogen phosphate (2.6 mmol/l), boric acid (0.8 mmol/l),
calcium (0.7 mmol/l), thiocyanate (0.2 mmol/l) and
magnesium (0.2 mmol/l). The pH was adjusted to 7.0.

After demineralization, the color of specimens was
measured again, the same way as described previously and
the L* value of each specimen was used for stratified
allocation of all samples among the four demineralized
groups.

Resin Infiltration

The specimens of groups DRNB and DRB were submitted
to resin infiltration technique using the infiltration resin
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(Icon®, DMG, Hamburg, Germany). The infiltration
procedure was performed according to the manufacturer’s
instructions. A 15% hydrochloric acid gel (Icon-Etch) was
applied on the demineralized enamel surface for 2 minutes
and then water rinsed and air dried for 30 seconds, followed
by the application of ethanol (Icon-Dry) during 30 seconds
and additional air drying. The low-viscosity resin infiltrant
(Icon-Infiltrant) was applied on the surface two times, the
first time for 3 minutes and the second time for 1 minute.
Both applications were light cured for 40 seconds.
Specimens were polished with aluminum oxide abrasive
papers (4000 grit - FEPA-P; Struers, Ballerup, Denmark),
for about 20 seconds to removal of the excess resin, using a
micrometer to verify the specimens height before and after
the resin application.

Bleaching

Specimens of groups SB, DB and DRB were submitted to
bleaching treatment with 10% carbamide peroxide
(Whiteness Perfect, FGM, Joinville, SC, Brazil), for 2 hours
during 14 days. In the intermediate periods, specimens were
stored in artificial saliva. After the end of treatment, they
were stored in artificial saliva which was changed daily for
7 days and a new color measurement was performed. The
groups SNB, DNB and DRNB remained in daily changed
artificial saliva during this period (21 days).

New color measurements were performed after this
period. For each measurement, the values of L*, a* and b*
were recorded and the values of the changes of L* (L), of
a* (a), and b*(b) were calculated. After, the total change
color or the variation in color perception of each tooth was
calculated, designated by the abbreviation E. This
parameter was calculated according to the following
formula:

E = [(L)2 (a)2 (b)2]½

The data were statistically analyzed using the software
Statistica for Windows 9.0 (Statsoft, Tulsa, OK, USA) using
one-way ANOVA and Tukey test at a significant level of
0.05.

RESULTS

The application of one-way ANOVA revealed significant
differences among groups when E parameter was evaluated
(p = 0.0001/F = 18.245 for 5° of freedom). The Tukey test
was then applied and showed that group SNB exhibited the
lowest color alteration, significantly lower than the SB
group. Specimens of group DB presented the higher color
alteration values, significantly higher than DNB group.

Nevertheless, the comparison between groups DRB and
DRNB showed no significant differences in E values
(Table 1).

DISCUSSION

Although the main objective of resin infiltration of white
spot lesion is the prevention of caries progression, a positive
effect of the use of this technique is the instantaneous
esthetic improvement obtained when used in labial white
spot lesions. This technique is less invasive than
microabrasion with hydrochloridric acid and pumice, which
is commonly used as an attempt to improve esthetic of white
spot lesions and also can be combined with conventional
esthetic restorations in more severe cases.7,8 The
effectiveness of the caries infiltration technique in masking
white spot lesion, altering the whitish aspect of
demineralized enamel and returning the tooth to its natural
color was observed in previous studies.7,8,16

This masking effect is a consequence of the filling of
subsurface porosities present in the lesion body with the
low viscosity resin. This occurs due to the refractive index
of the infiltrant resin (1.475), which is more similar to the
refractive index of enamel (1.65) than water (1.33) and air
(1.0) that usually fill these micropososities. When filled with
resin, the lesion recovers the translucency, appearing similar
to the surrounding enamel, improving the esthetic
appearance of tooth.7,16

In fact, the esthetic outcome cannot be accurately
predicted, but even if the whole whitish lesion is not
completely masked, there is a considerable improvement
of tooth appearance after resin infiltration.7 The outcome
might be dependent on the lesion depth and activity, that is,
better results might be achieved with more active and
younger state when the surface layer is thinner and the lesion
is not so deep.17 However, when these white spot lesions
are masked, some patients may, by the other side, have an
impression of ‘darkening’ of teeth, since the whitish
appearance disappears and the real color of the teeth returns.
This may encourage the desire for bleaching after a caries
infiltration technique, and in these cases, the presence of a
resin inside tooth structure could affect the action of the
whitening gel.

Although in the present study the artificial caries was
created on enamel only, in order to simulate active white
spot lesions in the labial surface, the specimens were
composed by enamel and dentin, in order to simulate the
optical properties of the tooth, as the apparent color is a
result of the diffuse reflectance from dentin through the
enamel layer.18

The null hypothesis proposed was rejected, since the
group infiltrated with resin (group DRB) presented no
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significant color alteration compared to group DRNB,
showing that the presence of low viscosity resin interfered
with tooth whitening process using 10% peroxide carbamide
gel.

Both enamel and dentin are permeable to hydrogen
peroxide and carbamide peroxide, allowing the
decomposition of bleaching agents in highly reactive free
radicals that oxidize organic stains within the tooth. The
penetration of these bleaching agents into tooth structure
occurs due to their low molecular weight and ability to
denaturate proteins, increasing the ion movement through
the tooth tissues.14,19,20 Although the barrier created by the
infiltration of the resin into the microporosities of the lesion
is intended to block the diffusion pathways for cariogenic
acids, depending on the pore volume of the lesion, it may
not be completely embedded with the resin and also, resin
shrinkage may occur during light curing.21-23 In these
situations, it might be expected that some peroxide could
penetrate through lesion and act in the subsurface tooth
structures. Nevertheless, significant color alteration was not
observed in resin-infiltrated bleaching specimens of this
study, indicating that the presence of resin prevented the
penetration of bleaching agent into the tooth tissues.

The bleaching treatment with 10% CP was effective in
produce significant color alteration both in sound and
demineralized enamel groups, as observed in Table 1. At-
home bleaching treatment was previously reported to cause
no exacerbation of enamel demineralization.24 Thus, after
preventive measures, such as diet orientation and oral
hygiene instructions, the esthetic planning of resin-
infiltration for white spot lesions color masking should
include bleaching treatment before resin-infiltration, if tooth
general color alteration is desired by the patient.

Nevertheless, although no significant color alteration
was obtained when bleached and nonbleached resin
infiltrated groups were compared, it must be taken into
consideration that all specimen surface were demineralized
and infiltrated. But in clinical situations, this usually occurs
in some parts of tooth crown, especially around orthodontic
brackets. In such cases, the sound enamel around the
demineralized tissue can allow the penetration of the

bleaching agents inside tooth structure, possibly enabling
the bleaching action in the internal parts of enamel and
dentin. Thus, further studies are required to investigate the
interaction between resin infiltrated lesions and bleaching
agents as well as their interaction with the remaining sound
tissues of tooth.

CONCLUSION

Within the limitations of this study, it can be concluded
that the bleaching treatment with 10% CP produced no
significant color alteration in resin infiltrated tested
specimens.
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