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Clinical Relevance

Patients should be aware of minimizing the intake of colored staining solutions when
submitted to resin infiltration treatment of white spot lesions in esthetically compromised
areas.

SUMMARY

Purpose: The aim of this study was to investi-
gate the staining behavior of demineralized
enamel infiltrated by low-viscosity resin.

Methods and Materials: Bovine enamel/dentin
cylindrical samples (3 3 2 mm) were assigned
into four groups (n=45) according to the enam-
el treatment: sound enamel (control), deminer-

alization + artificial saliva, demineralization

+ daily application of 0.05% NaF, demineral-
ization + resin infiltration (Icon, DMG). Arti-

ficial white spot lesions were produced in

groups with demineralization. After the
treatments, color was assessed by spectro-

photometry, using the CIE L*a*b* system.
The specimens (n=15) were then immersed

in deionized water, red wine, or coffee for 10
minutes daily for eight days. Color was

measured again, and the specimens were
repolished with sandpaper discs. The final

color was assessed. Data were analyzed by

two-way analysis of variance and Tukey tests
(a=0.05). A paired t-test was used for compar-

ison between staining and repolishing condi-
tions.

Results: There were significant differences for

surface treatment and dye after staining and

repolishing. Immersion in wine and coffee
resulted in significantly increased color alter-

ation (DE) compared with water (p=0.001). The
resin-infiltrated group exhibited the highest

staining values (p=0.001). The repolishing pro-
cedures resulted in significantly decreased

color change.
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Conclusion: The exposure of specimens to
colored solutions resulted in significant color
alteration. The demineralized enamel treated
with resin infiltration showed significantly
higher staining than all other tested groups;
however, the repolishing of the specimens
minimized the staining effect.

INTRODUCTION

The caries lesion is a product of the dynamic process
comprising several disorders of mineral balance
between the tooth and the fluid of adjacent dental
plaque, resulting in mineral loss. This loss can be
reflected clinically in different ways from its first
manifestation as enamel opacity (white spot), to
large cavities that can extend up to the dental
pulp.1

The active white spot is a consequence of an
optical effect related to light scattering, due to
differences in the refractive index of the involved
components. A greater scattering is obtained when
the porosities of demineralized enamel are filled with
air, since its refractive index is 1.00, lower than the
refractive index of hydroxyapatite (1.62-1.65). This
results in a whitish and opaque appearance of the
enamel. If the enamel porosities of an early-stage
lesion are filled with an aqueous solution showing
the same refraction index of hydroxyapatite, the
existing spaces are full and the enamel keeps its
translucency.2

Since the stage of white spot does not involve
enamel cavitation, noninvasive treatment with
topical fluorides associated with diet and hygiene
procedure orientation are recommended. However,
the whitish appearance may remain, even if the
lesion is arrested. This is because the remineral-
ization of deeper lesions occurs only superficially,
so that the body of the lesion remains porous and
therefore still whitish, as a permanent scar.3,4

The presence of white spots in the anterior teeth
can compromise esthetics, and it is frequent in
orthodontic patients that do not perform oral
hygiene adequately, as the excess of the material
that promotes the adhesion between the orthodon-
tic bracket and the tooth represents a critical
factor for plaque accumulation. In addition, the
cleaning action promoted by saliva, and chewing is
reduced around the brackets.3 The cosmetic treat-
ment for white spot lesions that remain as scars
generally involves removal of affected tissue, by
microabrasion of enamel5,6 or conventional resto-
ration.7

The resin infiltration technique was recently
introduced in dentistry to prevent further progres-
sion of enamel lesions. The objective is to fill the
pores within the lesion body by capillary action, with
a low-viscosity light-cured resin. This prevents
further diffusion of bacteria, and consequently,
lesion development, and establishes a barrier within
the caries lesion, which can reinforce the enamel
structure, avoiding or delaying cavitation and dis-
ruption of the surface.8,9 This technique requires no
preparation or anesthesia and does not alter the
anatomical shape of the tooth.10

Although this treatment was first introduced to
arrest caries lesions, an additional positive effect
was the esthetic improvement of anterior teeth when
white spot lesions were present. This occurs due to
the infiltration of the enamel porosities with the low-
viscosity resin, which alters the refractive index of
the light and consequently the final tooth appear-
ance. Since the refractive index of the infiltrant resin
(1.51) is close to hydroxyapatite, its ability to mask
white spot lesions was observed.11-13

The resin-based materials are widely used in
esthetic restorations, but they are subject to color
alteration over time. The most common causes of
discoloration are adsorption of dyes as a result of
exposure to exogenous sources.14 The extent of
discoloration varies according to the patient’s habits,
such as oral hygiene and diet.14-18

Whereas the resin infiltration technique seems
promising for dentistry (and as previously men-
tioned, resins may suffer discoloration), this study
investigated the staining behavior of low-viscosity
resin used for infiltration. It also investigated the
effect of repolishing in the color alteration of the
stained specimens.

The null hypotheses tested were that the color of
the demineralized enamel surface treated with
topical fluoride and resin infiltration is not changed
after exposure to dyes and that the polishing of the
specimens after staining does not interfere with
their color.

METHODS AND MATERIALS

Specimen Preparation

The methods described by Wiegand and others19

were used to prepare the specimens. For that, 90
extracted, nondamaged bovine incisors were stored
in 0.1% thymol solution at room temperature until
required. Enamel-dentin specimens, 3 mm in diam-
eter and 2.2 mm in height, were prepared from the
labial surface with a trephine mill.
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The specimens were positioned in a silicon mold
with a cavity 6 mm in diameter and 2 mm in depth.
On the bottom of the mold, there was a second-level
cavity 3 mm in diameter and 0.1 mm depth, as
described in a previous study.20 The specimens
were placed inside the internal cavity with the
enamel surface to the bottom of the mold. The mold
was filled with low-viscosity composite resin (Oppa-
lis Flow, FGM, Joinville, Brazil) and light cured for
40 seconds. On the side of the mold, there was a
projection in the shape of a line that produced a
lateral groove on the specimen that helped to
achieve the correct position at the time of the color
reading. The specimens were attached to a metal
holder, and 0.1 mm of enamel was removed by
polishing with sequential aluminum oxide abrasive
papers (1200, 2400, and 4000 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 1200-grit abrasive
paper, removing 0.1 mm of dentin and resulting in
specimens of 1 mm of enamel and 1 mm of dentin.
The prepared specimens were examined under the
stereomicroscope to certify the absence of cracks or
other surface defects. After preparation, the speci-
mens were stored in 0.1% thymol solution to avoid
dehydration.

Prior to treatment, the baseline L* value of each
specimen was assessed (M1) under standardized
ambient conditions according to the Commission
Internationale de l’Eclariage (CIE) L*a*b* system,
using a spectrophotometer (CM2600d, Konica Min-
olta, Osaka, Japan). The device was adjusted to use
the D65 standard light source with 100% UV and
specular component included. The observer angle
was set at 28, and the device was adjusted to a small
reading area (SAV). The color of each sample was
measured three times and averaged. The results of
color measurements were quantified in terms of
three coordinate values (L*, a*, b*), as established by
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 color within
the sample.

According to the L* value, a stratified allocation
was performed among 12 groups (n=15). In three
groups, the enamel was kept sound and stored in
daily changed artificial saliva throughout the
study period (groups SE/n=45). In the other

groups, artificial enamel caries lesions were creat-
ed, as described below (groups DE/n=135).

Specimen Demineralization

Following the proposal of Queiroz and others,21

artificial enamel subsurface lesions were produced
by individually immersing and storing the specimens
in a buffer solution. The demineralizing solution was
composed of 50 mM acetate buffer solution contain-
ing 1.28 mM Ca(NO

3
)
2*4H

2
O, 0.74 mM NaH

2
PO

4*

2H
2
O, and 0.03 ppm F at pH 5.0 for 16 hours. The

specimens were immersed separately in the solution
at 378C. The total volume of solution used was
calculated using 2 mL/mm2 of the enamel area. This
method produces subsurface lesions with a mean
depth of 43 lm.22

Experimental Design

The demineralized groups were divided according
to treatment of white spot lesions (n=45): AS
(artificial saliva), specimens were stored in 5 mL of
artificial saliva for four weeks, changed every day,
and DF (0.05% fluoride solution), specimens were
immersed daily for one minute in 1 mL of 0.05%
NaF solution for four weeks. The fluoride solution
was manipulated in our laboratory. After the daily
fluoride immersion, the specimens were rinsed
with deionized water and stored in artificial saliva;
RI (resin infiltration), specimens were resin infil-
trated (Icon, DMG, Hamburg, Germany) and
stored in artificial saliva for four weeks. The
infiltration procedure was performed according to
the manufacturer’s instructions. A 15% hydrochlo-
ric acid gel (Icon-Etch) was applied on the
demineralized enamel surface for two 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
three minutes and the second time for one minute.
Both applications were light cured for 40 seconds.
Specimens were polished with aluminium oxide
abrasive papers (4000 grit, FEPA-P; Struers) for
20 seconds for removal of the excess resin. A pilot
study was conducted to verify the thickness of the
specimens before and after the resin infiltration
using a micrometer, and it was determined that
the application of the 4000-grit paper for 20
seconds was adequate to remove the excess layer
of infiltration resin.

Artificial saliva was prepared according to the
formulation of Gohring and others.23 The pH was
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adjusted to 7.0. After four weeks, the color was

measured again (M2) for all samples, and then

each group was divided into subgroups (n=15)

according to exposure to 250 mL of the following

solutions: deionized water, soluble coffee solution

prepared using 25 g of powder to 250 mL of water

(Tradition Nescafé, Nestlé, Araras, SP, Brazil, pH

= 5.0), and red wine (Santa Carolina, Merlot,

Chile, 2010, 12.38G.L., pH = 3.4).

The specimens remained immersed in the solu-

tions mentioned above for 10 minutes daily during

eight days and stored in artificial saliva in the

intermediate periods.24 The solutions were changed

at each exposure. After this period, the specimens

were rinsed with deionized water and color mea-

surement was performed (M3).

The surface of the specimens was then polished

using fine-grained abrasive discs (FGM) for five

seconds and immersion in deionized water for

rehydration for 24 hours. After this period, the color

was measured again (M4).

The differences in the values of L*(DL), a*(Da),
and b*(Db) were determined and the overall change
in color (DE) was calculated using the following
formula:

DE1 ¼ ½ðLM3� � LM2�Þ2 þ ðaM3� � aM2�Þ2

þðbM3� � bM2�Þ2�0;5

DE2 ¼ ½ðLM4� � LM2�Þ2 þ ðaM4� � aM2�Þ2

þðbM4� � bM2�Þ2�0;5

Figure 1 shows the experimental design.

Statistical Analysis

Data were statistically analyzed using two-way
analysis of variance and Tukey’s tests for color
measurement after staining and after repolishing.
A paired t-test was conducted to evaluate if the
repolishing procedures influenced the specimens

Figure 1. Experimental Design
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color, for each experimental condition. The signifi-
cance level used was p,0.05.

RESULTS

The overall color change of the specimens after dye
immersion (DE

1
) and after repolishing procedures

(DE
2
) for all experimental conditions is shown in

Table 1. The cross-product surface treatment vs dye
as well as the factors surface treatment and dye were
statistically significant (p=0.001).

The paired t-test compared color changes after dye
immersion (DE1) and after repolishing (DE2), group
by group. For all experimental conditions with coffee
or wine immersion, the repolishing procedures
resulted in significantly decreased color change
(Table 1).

Table 2 shows the results of the surface treatment
as a factor. The color change after dye immersion
and after repolishing was significantly higher for the
white spot lesion þ resin infiltration group.

The results of the Tukey test for the dye factor are
shown in Table 3. The immersion in coffee and wine
resulted in a significant color alteration compared
with water exposure. Analysis of L*a*b* values
showed decreasing lightness values (DL) for coffee
and wine, whereas Da remained stable. The speci-
mens immersed in the coffee solution exhibited an
increase in Db.

DISCUSSION

Several methods can be used to evaluate tooth color
with visual comparison with tooth color shade
guides, image analysis, colorimeters, or spectropho-
tometers.18,25 Since spectrophotometers allow an
objective color assessment and provide precise
quantitative data, this was the method used in the
present study.26,27 The spectrophotometer presents
L*, a*, and b* values; therefore, as the staining
solutions alter the specimens color in all axis, the
parameter DE was used as a response variable,
because it indicates the color change of specimens at

two different moments, allowing one to evaluate the
overall color change.12,27 In the present study, the
most affected parameter was L*, indicating a
reduced lightness of stained specimens.

Because of the difficulties in obtaining human
teeth with the ideal characteristics for the experi-
ment, bovine incisors were used, providing discs
with standardized enamel/dentin thickness. The
chemical and physical properties of bovine substrate,
such as composition, density, and microhardness,
are very similar to human enamel.28 Bovine and
human substrates are also found to have a similar
behavior regarding staining effects.29

Tooth color perception is associated with scatter-
ing of incident light on the tooth structure and its
absorption along this way.30 The initial enamel
caries lesions is characterized by a whitish appear-
ance, due to changes of the refractive index of the
light in the demineralized tissue compared with the
surrounding sound enamel,31 causing an undesir-
able esthetic appearance when present in the
anterior teeth.

When properly treated with preventive measures,
the white spot lesions may become arrested and
exhibit a smooth and shiny appearance. In the
remineralization process, saliva plays an important
role, providing minerals that will partially replace
the mineral lost during the demineralization pro-
cess.31 Nevertheless, during this remineralization
phase, dyes can be incorporated into the lesions,

Table 1: Mean and Standard Deviation of Color Changes After Dye Immersion (DE
1
) and Repolishing (DE

2
)

Group Sound Enamel White Spot Lesion þ AS White Spot Lesion þ DF White Spot Lesion þ RI

DE1a DE2b DE1a DE2b DE1a DE2b DE1a DE2b

Water 2.4 (1.3)a 2.2 (0.9)AB 2.9 (1.6)a 2.0 (1.3)AB 2.7 (2.2)a 1.6 (1.8)A 2.3 (1.7)a 2.1 (0.9)AB

Wine 14.4* (4.2)cd 10.1* (2.2)C 11.1* (5.1)bc 9.3* (5.4)C 14.2* (2.7)cd 8.4* (3.2)C 17.3* (2.7)de 14.7* (4.7)D

Coffee 14.5* (4.4)cd 8.1* (4.5)C 9.5* (5.9)b 8.4* (5.7)C 7.3* (2.3)b 6.0* (1.4)BC 21.3* (4.3)e 16.6* (4.3)D

* Significant difference between DE1 and DE2 for each substrate condition, using a paired t-test (p , 0.05).
a Different capital letters mean significant differences among the groups for DE1 (p , 0.05).
b Different lowercase letters mean significant differences among the groups for DE2 (p , 0.05).

Table 2: Mean and Standard Deviation (SD) Data and
Results of Tukey Test for Surface Treatment for
DE

1
and DE

2

Surface Treatment After Staining
(DE

1
)*

After Repolishing
(DE

2
)*

Sound enamel (control) 10.43 (6.70)b 6.80 (4.45)a

White spot lesion þ AS 7.85 (5.77)a 6.57 (5.58)a

White spot lesion þ DF 8.07 (5.32)a 5.33 (3.59)a

White spot lesion þ RI 13.63 (8.83)c 11.13 (7.43)b

* Different letters imply significant difference (p=0.001) among the groups.
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resulting in the formation of unesthetic brown spots.
In this study, the staining of the demineralized
enamel groups after exposure to saliva and fluoride
as remineralizing agents and immersion in dyes was
observed. In general, immersion in coffee and wine
promoted significant color change of specimens,
regardless of the type of treatment of white spot
lesion. Therefore, the first null hypothesis was
rejected.

Coffee and red wine were chosen as dye testing
substances because they are frequently consumed.32

Coffee exhibits a strong potential for staining both
tooth structure and resinous materials.17,33 The
compatibility between the brown dye of the coffee
and the resin polymer chain has been suggested,
facilitating the adsorption and penetration of the dye
in the resin.33 The specimens immersed in coffee
exhibited a yellow appearance, besides reduced
lightness. On the other hand, the specimens im-
mersed in wine presented a decrease in b* values.
The complex combination of pigments present in the
wine solution makes the prediction of changes on a*
and b* parameters difficult. Perhaps the purple
pigments interfere with the b* coordinate, directing
it toward blue. Moreover, the presence of alcohol and
low pH could promote softening of the polymeric
material,34 which could make the adsorption of
pigments on the resin surface easier, such as tannins
present in red wine.35,36

The susceptibility to extrinsic staining of a
resinous material may also be related to the type of
resin matrix used, due to its rate of water sorption
and solubility. The absorption of water and other
fluids by the organic component of resin can result in
discoloration and degradation of the polymer ma-
trix.37

A high penetration coefficient and low viscosity of
resin monomer are desirable features to allow
infiltration of resin into the subsurface of carious
lesions. The combination of experimental TEGD-
MA, HEMA, and ethanol showed satisfactory
characteristics for an infiltrating resin.38 However,
HEMA has a hydroxyl functional group, making it

hydrophilic.37 Thus, although the composition of
the infiltrating resin (ICON) is not detailed by the
manufacturer, it may favor the absorption of water-
based dyes and increase the susceptibility of the
material to staining. In addition, the inhibition of
polymerization by oxygen and polymerization
shrinkage of the infiltrating resin may also result
in nonhomogeneous areas,37 which could facilitate
the penetration or adsorption of the dyes. Never-
theless, a recent study reported that the polishing
of infiltrated lesions increases their resistance to
staining challenges.12

The second null hypothesis was also rejected, since
repolishing with fine-grain abrasive discs led to a
significant reduction in DE values for all groups.
Similar results were also observed in a previous
study with composite resins,32 and this is due to the
fact that the dyes can remain adsorbed on the
surface, with little penetration into the resinous
materials or the tooth substrate.17

However, even after repolishing, the stained
specimens still presented color alteration signifi-
cantly higher than those immersed in deionized
water. Overall, those subjected to the resin infiltra-
tion technique exhibited DE values significantly
higher than all other groups. Nevertheless, it should
be pointed out that the combination of immersion
time in the dyes and absence of tooth brushing
probably increased the staining susceptibility.37 In
clinical conditions, the dilution of the dye solutions
by saliva and the action of brushing associated with
the use of toothpastes can result in a greater
resistance of the infiltrating resin to staining.
Nonetheless, patients should be warned about the
potential for staining by food dyes and avoid or
minimize the consumption of such colored foods to
increase the longevity of the esthetic outcomes
promoted by the treatment of white spot lesions
with infiltration resin in anterior teeth.

CONCLUSIONS

Based on the methodology used and considering the
limitations of this study, it can be concluded that the

Table 3: Mean and Standard Deviation (SD) Data of DL, Da, Db, and DE After Staining and After Repolishing

Dye After Staining After Repolishing

DL Da Db DE
1

a DL Da Db DE
2

b

Water 1.67 (1.65) �0.16 (0.30) �1.19 (1.61) 2.58 (1.73)a �0.31 (1.51) �0.16 (0.25) �0.91 (1.53) 1.99 (1.27)A

Coffee �9.94 (5.67) 1.16 (1.17) 8.34 (4.25) 13.16 (6.92)b �8.06 (4.90) 0.49 (0.86) 5.18 (3.59) 9.78 (5.83)B

Wine �13.22 (4.62) 1.36 (0.81) �4.19 (2.40) 14.25 (4.33)b �10.27 (4.77) 0.66 (0.67) �1.60 (1.65) 10.59 (4.69)B
a Different lowercase letters imply significant difference among the groups for DE

1
(p=0.001).

b Different capital letters imply significant difference among the groups for DE
2

(p=0.001).
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immersion of the specimens in staining solutions
(wine and coffee) resulted in significant color
alteration. The demineralized enamel treated with
resin infiltration showed significantly higher stain-
ing than all other tested groups; however, repolish-
ing of the specimens can minimize the staining
effect.
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