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Bleaching as a complement to fluoride-enhanced
remineralization or resin infiltration in masking white
spot lesions*
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There are many suitable strategies for addressing caries, which is an ongoing worldwide problem.
Although white spot lesions (WSLs) can be either remineralized naturally or treated with non- or micro-
invasive strategies, their whitish and opaque appearance may persist. Objective: To evaluate the effects of
tooth bleaching as a complement to fluoride-enhanced remineralization or resin infiltration in masking WSLs,
as well as in enamel surface roughness relative to that of the adjacent enamel. Methodology: Flattened
rectangular bovine enamel fragments (6x3x~2.9 mm length, width and thickness) were divided into six
groups (L/N, F/N, F.BL/BL, I/N, I.BL/BL, N/N; n=15). Treatments applied to the 3x3 mm left half included:
L (Lesion) - WSL simulation with 50 mM acetate buffer, 96 hours, 37°C; F (Fluoride) - WSL treatment with
2% NaF neutral gel, 1x/week, 8 weeks; I (Infiltration) - WSL treatment with H,PO, 37%/10 s; Icon®-Dry/30
s; Icon®-Infiltrant/3 min+1 min; N (Nothing) - sound enamel/control. Treatments applied to both halves
after F and I included: BL (Bleaching) - Opalescence Boost 40%, 3x/20 min each; N (Nothing) - control. The
differences in color (AE,,, AL, Aa, Ab) and surface roughness (ARa) between the left and right halves were
measured. Kruskal-Wallis/post-hoc tests were applied to AE , AL, Aa and ARa, and 1-way ANOVA/Tukey tests
to Ab (a=0.05). Results: The factor under study significantly influenced AE,, (p=0.0001), AL (p=0.0024),
Ab (p=0.0015), and ARa (p<0.001), but not Aa (p=0.1592). Both fluoride-enhanced remineralization and
resin infiltration were able to mask WSL, regardless of subsequent bleaching. However, when bleaching was
performed, AE,, median values did not exceed the acceptability threshold for color difference. Only resin
infiltration reduced ARa between WSL and the adjacent enamel. Conclusions: Both remineralization and
infiltration, particularly if complemented by bleaching, fostered satisfactory esthetic results. Only infiltration
without bleaching led to really good results in surface roughness.
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A recent investigation into the burden of untreated
dental caries in 204 countries and territories over
30 years has revealed a significant increase in its
incidence, prevalence, and number of years lived
with disability, especially among groups with high
free sugar intake and those in lower socioeconomic
positions.! Many strategies are suitable for addressing
the caries process as well as its signs and symptoms.
While invasive/restorative interventions are generally
indicated for active cavitated lesions, no treatment
might be the clinical practice for inactive non-cavitated
and cavitated lesions (except for reasons of form,
function or esthetics). Furthermore, non- or micro-
invasive strategies might help with active non-cavitated
carious lesions, or white spot lesions (WSLs).?

Active WSLs are typically subsurface, presenting a
pseudo-intact surface layer over the body of the lesion
with plenty of pores. These may be filled with saliva/
water, which has a refractive index of ~1.33, or air,
which has a refractive index of ~1.0. Both differ from
that of the hydroxyapatite, which is ~1.65. The greater
the difference between the refractive indices, the
whiter the appearance of the lesion3, which may lead
to esthetic discomfort when located in anterior teeth.*

Treatment of WSLs should ideally arrest them
and simultaneously favor esthetics, thus avoiding
cavitation and lessening opacity and the possibility
of discoloration.> Although fluoride-enhanced
remineralization is an effective non-invasive treatment
for arresting WSLs,® its esthetic result may not be
successful. In general, WSLs remain visible after this
procedure due to the rapid precipitation of ions in their
outer portions. As a result, the ions cannot penetrate
into the inner portions of the lesion body and the
subsurface remains porous.”

On the other hand, resin infiltration in WSLs has
been proven to stop mineral loss and reduce their
whitish appearance. This micro-invasive strategy
consists of infiltrating a low-viscosity TEGDMA-based
material with a high penetration coefficient into the
intercrystalline spaces of demineralized enamel after
etching the pseudo-intact surface layer.® The material
replaces saliva/water into the lesion body pores,
granting the WSL mechanical support and an optical
appearance similar to that of the adjacent sound
enamel, as its refractive index is ~1.52.°

Nonetheless, WSLs masking can be challenging,

and its whitish aspect tends to be only partially
masked due to the histopathologic lesion features and
the high sensitivity of the technique.!® Some amount
of remaining opacity after enamel resin infiltration
seems to be inevitable, possibly due to incomplete
replacement of the air that fills the total volume of
enamel pores by the material.'* Application of the
infiltrant itself over the WSL was suggested to cause
a low outward air flow rate, which is part of the typical
flow competition that occurs during the infiltration of
liquids into dry porous hard materials.* Therefore,
doubts remain as to how to achieve better esthetic
results without furthering loss of tooth structure and
impairing enamel surface roughness, when already
remineralized or infiltrated WSLs do not completely
disappear.

Bleaching, for instance, is a non-invasive strategy
to treat discolored teeth which has been highly
recommended as the first attempt to reduce the
contrast between white spots and the adjacent sound
tooth structure.'? Bleaching plus resin infiltration is
widely accepted to mask fluorosis and other enamel
defects.'31* However, Jacob, et al.*> (2023), on their
study of bleaching on color and surface topography
of teeth with enamel caries differently treated,
were categorical in establishing as their background
that bleaching is not recommended on teeth with
demineralized carious lesions. There were also
concerns from a respected consultant and employees
of the company that holds the patent for the only resin
infiltrant commercially available on the recommendation
of bleaching before infiltration, as in clinical practice,
this sequence is not always reasonable.® Recognizing
that the interaction between the bleaching agents and
the resin-infiltrated lesions themselves is an area of
interest, they just evaluated the effect of bleaching
after resin infiltration regarding surface roughness and
color using bovine incisors.'® However, bleaching as a
complement to resin infiltration or to fluoride-enhanced
remineralization in masking WSLs (which is different
from understanding the WSL itself before and after a
given treatment or combination of treatments) was
not extensively evaluated.

In this context, clinicians should have evidence-
based alternatives to address esthetic concerns
remaining from the partially successful previous
treatments of WSLs.'” This, as well as the need to
justify further randomized clinical trials on masking
WSLs, were the reasons for the proposal of this study.
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Therefore, the objective was to evaluate the ability
of bleaching after fluoride-enhanced remineralization
and resin infiltration, as well as that of each of them not
followed by bleaching, to mask WSLs in bovine enamel
and to influence its surface roughness, relative to that
of the adjacent sound enamel. The null hypothesis
tested was: neither bleaching after fluoride-enhanced
remineralization and resin infiltration, nor each of them
not followed by bleaching, would affect the masking
of WSLs or its roughness relative to adjacent sound
enamel.

Considering that an AE; =6.28+0.531 was
previously verified between WSLs and adjacent
enamel,*® and 0.8 is the CIEDE2000 color difference
perceptibility threshold,*® sample size was calculated
(http://estatistica.bauru.usp.br/calculoamostral/)
using an estimated standard deviation of 0.531 and an
effect size of 0.8, plus alpha and beta errors of 5 and
20%. It was found that n=14, but n=15 was selected
for each group.

After the Ethics Committee on Animal Use exempted
this research project from being analyzed (CEUA/
FOUSP #025/2019), 150 bovine incisors were obtained.
Prior to the specimens’ preparation, cracked or stained
teeth were excluded from the study and then each
of the pertinent ones had the crown sectioned in a
6x3x~2.9 mm length, width and thickness rectangular
fragment using a precision cutting machine (Isomet
Low Speed Saw; Buehler Ltd., Lake Buff, IL, USA). The

Figure 1- Work flowchart

dentin and enamel of the fragments were flattened,
and the enamel also polished, in a metallographic
polisher (EcoMet; Buehler Ltd., Lake Buff, IL, USA)
to a thickness of approximately 1.6 mm and 1.3 mm,
respectively. The specimens were immersed in distilled
water for 10 minutes in an ultrasonic bath (Shenzhen
Codyson Electrical Co., Ltd., CHN, Guangdong, China)
and those still cracked were excluded from the study.
Then, specimens were numbered and submitted to
surface microhardness analysis (Knoop Hardness
Number [KHN]) using a microhardness tester (HMV-
G21DT, Shimadzu Co. Tokyo, Japan) with a Knoop
indenter (50 g/10 s).?° Five indentations were made
to determine the mean and standard deviation of
the microhardness value. Blocks with a standard
deviation greater than 10% of their individual mean
microhardness and individual mean microhardness
greater or less than 10% of the mean microhardness
calculated for all blocks (324.6+13.3) were excluded.

A total of 90 specimens were selected for distribution
by stratified randomization (Excel 16.0; Microsoft
Corporation, Redmond, WA, USA) into six experimental
groups (n=15):

L/N: Lesion without treatment (left half)/Nothing
(right half);

F/N: Fluoride treatment (left half)/Nothing (right
half);

F.BL/BL: Fluoride treatment + bleaching (left half)/
Bleaching (right half);

I/N: Infiltration treatment (left half)/Nothing (right
half);

I.BL/BL: Infiltration treatment + bleaching (left
half)/Bleaching (right half);

N/N: Nothing/Nothing (control group).

The work flowchart (Figure 1) summarizes the
conducted procedures.

Remaining specimens were used for the validation
of the protocol for simulating the WSLs or for pilot
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tests, or were stored in distilled water so that they
could replace any specimen previously selected in
case of technical artifacts which could lead to exclusion
from the study.

In nine specimens with surface microhardness
consistent with those of the 90 specimens in the
experimental groups, a central window measuring 3x3
mm was determined in order to achieve contact with
the demineralizing solution for 32, 64 or 96 hours (n=3)
(50 mM acetate buffer; 1,28 mmol/L of Ca(NO,),.4H,0,
0,74 mM NaH,PO,.2H,0, and 0,03 ppm F, pH 5.0,
370C).222

All the specimens were transversally sectioned and
polished to obtain slices of 80-100 pm each. These
slices were then affixed to specific plates and exposed
to radiation using a Transversal Microradiography
system (TMR; TMR 1.25e, Inspector Research BV,
Amsterdam, Netherlands).?® A transmitted light
microscope with a 20x objective (Axioplan; Zeiss,
Oberkochen, Germany) and a camera (XC-77CE, Sony,
Tokyo, Japan) were used to observe whether the lesion
was subsurface. The TMR 1.25e system software was
used to calculate the integrated mineral loss (AZ, %vol.
um) by subtracting the percentage of mineral volume
of sound enamel (87%) from that percentage of the
demineralized enamel, multiplied by the lesion depth
(Mm). Lesion depth (LD, pym), the integrated mineral
loss (AZ, vol. um), and the average mineral loss over
the lesion depth (R, vol%) were obtained. Data from
specimens immersed for 32, 64 and 96 hours are
presented in Table 1, and their representative images
in Figure 2.

The right half, the lateral and dentin surfaces of
each specimen in the L/N, F/N, F.BL/BL, I/N, and I.BL/
BL groups were coated with three layers of cosmetic
nail varnish (Colorama Longa Duracdao Extra Brilho;
L'Oréal Brasil Comercial de Cosméticos Ltda., Rio de
Janeiro, RJ, Brazil). This ensured that only the left half
had artificial WSL, according to the validated protocol.
The specimens were immersed in the demineralizing
solution for 96 h, since the greatest depth was verified
for this amount of time. Once the artificial WSLs were
established, the following treatments were conducted:

L/N: No treatment on the left half surface (with
the WSL).

F/N and F.BL/BL: 2% NaF neutral gel (SS White
Artigos Dentarios Ltda., Rio de Janeiro, R], Brazil) for
1 min on the left half surface (with the WSL). After
each application of the gel, the specimens were rinsed
with distilled water and stored in 6.3 mL of artificial
saliva (22.1 mmol/L hydrogen carbonate, 16.1 mmol/L
potassium, 14.5 mmol/L sodium, 2.6 mmol/L hydrogen
phosphate, 0.8 mmol/L boric acid, 0.7 mmol/L calcium,
0.2 mmol/L thiocyanate and 0.2 mmol/L magnesium;
pH between 7.4 and 7.8), which was replaced daily.?*2?>

I/N and I.BL/BL: 37% phosphoric acid (Condac 37,
FGM Dental Group, Joinville, SC, Brazil) for 10 s?6on the
left half surface (with the WSL). After 30 s of air-water
spray rinsing and drying, Icon®—Dry was applied for
30 s and air-dried. Finally, Icon® infiltrant was applied
twice: the first time for 3 min, and the second for 1
min. After excesses were removed, each application
was light-cured for 40 s (Radii-cal, SDI, Bayswater, VIC,
Australia). Polishing was performed with an abrasive
rubber cup (Enhance Finishing System, Dentsply Caulk,

Table 1- Integrated mineral loss (AZ, % vol.um), lesion depth (LD, ym), and mean mineral loss (R, %vol) of the specimens immersed in
the demineralizing solution, plus mean and standard deviation for each of the immersion durations.

Immersion duration AZ (vol%.pm) LD (pm) R (%vol)
32h 2139.4+393.6 85.0+13.9 25.3+1.3
64h 3694.4+300.9 138.4+10.3 26.4+1.2
96h 5525.4+395.9 139.416.2 39.5+4.4

Figure 2- Representative TMR images of most slices of demineralized specimens for 32 h (A), 64 h (B) and 96 h (C)
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Milford, DE, USA) for 20 s at low speed.

F.BL/BL and I.BL/BL: Bleaching with 40% hydrogen
peroxide gel on the entire surface of the specimens
(Opalescence Boost 40% Hydrogen Peroxide, Ultradent,
South Jordan, UT, USA). A 0.5-1.0 mm thick layer of
gel was applied, and three applications were made for
20 minutes each.

* In the N/N group, both halves were only abraded
and polished (control group).

Specimens were stored in distilled water (37°C, 24
h) and then sectioned into two 3x3 mm halves (Isomet
Low Speed Saw; Buehler Ltd., Lake Buff, IL, USA).
After gently drying with an absorbent paper, each half-
specimen was placed into a polytetrafluoroethylene
holder with a 3x3 mm reading window, and color
reading was conducted using a colorimetric reflectance
spectrophotometer (CM 3700A, Konica Minolta, Osaka,
Japan). Color and spectral distribution were measured
according to the coordinates L*, a* and b* established
by the Commission International de I’'Eclariage (CIE).
Following settings were used: 360-740 nm wavelength
light, standard illuminant D65, 2° observer angle

and a white background. AE;, (using CIEDE2000
color difference formula; AE,,={[AL/(K.S,)]*+[AC/
K.S 2 +[Ah/(K, S, )]*+AR}Y2, AL, Aa, and Ab were
determined by subtracting the adjacent enamel data
(right half) from the WSL data (left half). Figure 3
shows the visual aspect of a representative specimen
from each of the experimental groups.

Sites corresponding to the center of the surface of each
half-specimen and 1.5 mm up and down were scanned
with an optical profilometer (Proscan 2100 - Sensor
Model S11/03, Scantron, Venture Way, Tauton, UK). The
following settings were used: cut off = 0.8 mm, surface
filter = 99, step size X = 0.002 / number of steps X
2000, and step size Y = 0.001 / number of steps Y
0. With the help of the system software (Proscan

Application software v. 2.0.17, Scantron, Venture
Way, Tauton, UK), arithmetic average roughness (Ra)
was determined and the mean of the three readings
assigned as the Ra for each half-specimen. ARa were
determined by subtracting the adjacent enamel data
(right half) from the WSL data (left half).

Figure 3- Visual aspect of a representative specimen from each of the groups A) N/N (control); B) L/N; C) F/N; D) F.BL/BL; E) I/N; F) I.BL/

BL
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The Shapiro-Wilk and Levene tests were applied to
evaluate distribution of data. The data for AE,, AL and
Aa did not respect assumptions of normality, and the
AE,, and ARa of homogeneity. Thus, the Kruskal-Wallis
and Dunn tests were applied. The data for Ab complied
with both assumptions, and 1-way ANOVA and Tukey
test were applied. Significance level was always 0.05,
and the statistical program used was Statistica 13.5.17

(TIBCO Software Inc., Palo Alto, CA, USA).

The factor under study significantly influenced AE
results (p=0.0001): the lesion without treatment (L/N)
group differed from all other groups, which in turn
did not differ from each other. WSLs thus contrasted
with adjacent enamel, but both fluoride-enhanced
remineralization and resin infiltration, followed or
not by bleaching, masked them similarly. Median
AE,, values when fluoride-enhanced remineralization
and resin infiltration were not followed by bleaching,
however, exceeded color difference perceptibility and
acceptability thresholds (0.8 and 1.8, respectively)?®®
(Figure 4).

Regarding AL, the factor under study also significantly
influenced the results (p=0.0024): the lesion without
treatment (L/N) group differed from the others, but
the group with fluoride treatment plus bleaching (F.BL/
BL) did not (p=0.79). All groups, except for the lesion
without treatment (L/N) group, were not different from
each other. The lesion without treatment (L/N) group
showed the greatest AL, while the fluoride treatment

plus bleaching (F.BL/BL) group showed intermediate
values. The other groups showed the lowest values,
which were equivalent to those of the control (N/N)
group (Figure 5).

As for Aa, the factor under study did not significantly
influence the results (p=0.1592): In the red[+]-
green[-] coordinate, WSLs did not stand out from the
adjacent enamel, regardless of its treatment and the
subsequent bleaching (Figure 6).

About Ab, the factor under study significantly
influenced the results (p=0.0015): the lesion without
treatment (L/N) group was different from the other
groups, except for the fluoride treatment (F/N) and
fluoride treatment plus bleaching (F.BL/BL). All groups,
other than the lesion without treatment (L/N) group,
were not different among themselves. In the yellow[+]-
blue[-] coordinate, WSL stood out from the adjacent
enamel when it was not treated, but this did not occur
when it was infiltrated, or infiltrated and bleached.
An intermediate situation was found when the WSL
was treated by fluoride-enhanced remineralization,
complemented or not by bleaching (Figure 7).

Finally, the factor under study significantly
influenced ARa results (p<0.001): control (N/N)
group was different from the other groups, except for
infiltration treatment (I/N) group. Infiltration treatment
(I/N) group was different from lesion without treatment
(L/N) group. All groups, except for control (N/N) group,
were not different among themselves. Only infiltration
without bleaching reduced ARa between the WSL and
the adjacent enamel as to it to be similar than that for
the control (N/N) group (Figure 8).

Figure 4- AE  (total color change) depending on the WSL treatment, as well as the adjacent enamel.
*Different letters indicate statistically significant difference between experimental groups
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Figure 5- AL (*L coordinate — luminosity) depending on the WSL treatment, as well as the adjacent enamel.
*Different letters indicate statistically significant difference between experimental groups

Figure 6- Aa (red[+]-green[-] coordinate) depending on the WSL treatment, as well as the adjacent enamel.

Figure 7- Ab (yellow[+]-blue[-] coordinate) depending on the WSL treatment, as well as the adjacent enamel.
*Different letters indicate statistically significant difference between experimental groups

J Appl Oral Sci. 7/11 2024;32:€20240097



Figure 8- Difference in roughness (ARa) depending on the WSL treatment, as well as the adjacent enamel.
*Different letters indicate statistically significant difference between experimental groups

In view of the presented results, the proposed null
hypothesis was rejected, since bleaching after fluoride-
enhanced remineralization and resin infiltration, and
each of them not followed by bleaching, were able to
mask the WSLs. Furthermore, resin infiltration not
followed by bleaching was effective in minimizing
the roughness difference between the WSL and the
adjacent enamel.

In general, patients with WSLs feel dissatisfied with
their teeth color due to their white appearance.* In this
study, this could be evidenced by the AE,, analysis,
in which the enamel surface that contained the WSL
highly contrasted with its adjacent sound surface.
Specifically, there was a notable increase in luminosity
(*L coordinates) and a blue tendency in WSL (*b
coordinates - yellow[+]/blue[-]), which is consistent
with previous studies.?527:28 This fact can be justified
by the loss of enamel mineral content, which reduces
its translucency and increases its opacity.?”2°

Treatments for WSLs ideally should arrest them, and
whenever possible, improve their whitish appearance,
so that the lesion becomes imperceptible relative to
the adjacent sound enamel. However, most in vitro
studies evaluate color differences of a same area,
before and after the interventions,?>?73° |eading to a
necessity for studies that compare the WSL color with
that of the adjacent sound surface. This methodology
was called in the literature “split-tooth”?8, as the
color analysis is conducted between two halves of
a same specimen. Considering that this is how the
treatments effectiveness is verified in clinical reality,

this methodology was chosen to conduct the present
study.

There is sufficient evidence available regarding
the role of fluoride in preventing or arresting WSLs
progression.®3! Nevertheless, they may remain
clinically visible as most of the detection signals comes
from the lesion body, which cannot be completely
remineralized.” In this study, it was noted that the
remineralization with sodium fluoride neutral gel in high
concentration was able to mask the WSL in relation
to the adjacent sound enamel. This can be justified
by the enamel mineral gain, which is directly related
to its translucency.3? Furthermore, according to Jones
and Fried” (2006), who evaluated the WSL reflexivity
after immersion in a fluoride solution, the esthetic
improvement of the lesion is not only related to its
mineral gain, but also to the directional nature of the
repair, related to the disposition of the crystals.

Nonetheless, these results differ from those found
in the in vitro study by Torres, et al.?>(2011) Although
the fluoride-enhanced remineralization protocol used
was the same, the color assessment compared the
WSL color with that of the adjacent sound surface. It
is also important to emphasize that the lesions used
in the present study were artificial, and as such were
shallower compared to their natural counterparts. Thus,
the results might differ in deeper lesions.

Moreover, in the present study, the treatment
with resin infiltrant was also able to mask the WSL in
relation to the adjacent sound enamel. This is because
the colorless material basically consists of TEGDMA,
has a refractive index close to that of hydroxyapatite
(1.52), and replaces the water or air present in the
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lesion pores.® As such, the whitish appearance of the
lesion almost disappears, and it becomes roughly
imperceptible in relation to the surrounding structure.
This is called the “chameleon effect,” since the resin
infiltrant does not act through color matching.?33

Groups in which WSLs were treated with fluoride-
enhanced remineralization and resin infiltration not
followed by bleaching presented medians of total color
change (AE,, of 1.84 and 2.07, respectively) above the
perceptibility (0.8) and acceptability (1.8) thresholds.*®
This means that for half the observers, this color
difference, even though visible, may be acceptable,
while the other half may find it unacceptable. In this
context, if patients are still dissatisfied with their teeth
color, even after remineralization or resin infiltration,
subsequent tooth bleaching may be pertinent.

However, the effect of bleaching after resin
infiltration needs to be better elucidated, since the
infiltrant could be a blocking barrier.3° This is why in
the present study bleaching was performed not only on
the infiltrated area, but on the entire specimen surface.
The AE, values found after bleaching showed that the
WSLs remained indistinguishable from the adjacent
sound enamel. This can be explained by similarities
with other studies that show the effectiveness of tooth
bleaching during orthodontic treatment. Once the
hydrogen peroxide has a low molecular weight and high
diffusibility, successful bleaching can be achieved even
in the presence of some blocking agent.3*

It is important to highlight that when bleaching was
performed, the medians of total color change (AE, of
1.58 and 1.50, respectively) were situated between the
color difference perceptibility (0.8) and acceptability
(1.8) thresholds. Thus, considering a clinical situation,
if the patient still notices some difference in color after
remineralization or infiltration of the lesion, bleaching
could be a valid alternative to reduce discomfort.

Furthermore, it is worth mentioning that not even a
single tooth presents a homogeneous color, but rather
a color gradation that varies according to the enamel
and dentin thickness. This color variation within the
same tooth could be verified from the control group
specimens, as the derived AE,, median (1.63) exceeded
the color difference perceptibility threshold.

In addition to the esthetic improvement provided by
the treatments presented, it is important to evaluate
their impact on enamel surface properties, such as
surface roughness. In this study, fluoride-enhanced
remineralization, followed or not by bleaching, was

unable to make the surface roughness of WSLs similar
to that of the adjacent enamel, at the same level found
between adjacent areas of the control specimens.

Other studies have shown that the resin infiltrant
is able to reduce the WSL roughness, but not to reach
the values of a sound enamel.3> Conversely, in this
study, the WSL surface roughness and its respective
treatments were evaluated comparatively to their
adjacent sound surface. Therefore, we observed that
the infiltrated WSLs presented surface roughness much
similar to that of the adjacent sound surface, which can
be explained by the polishing of the infiltrant surface
with rubber cups.3¢

Bleaching, however, apparently suppressed the
effect of resin infiltration in minimizing the surface
roughness difference between the WSL and the
adjacent sound enamel, which is consistent with
previous research indicating an increase in surface
roughness after bleaching in resin-based materials.3”
Perhaps this increase in roughness could not be
processed in vivo due to salivary flow and fluoride
availability.37:38

This study had similar limitations to other in vitro
studies, so clinical extrapolations should be considered
with care. Bovine teeth were used, and the carious
lesions were artificial, which tend to be more superficial
than the natural ones,3® besides not presenting
a classical dark zone, richer in organic content.
Furthermore, only one kind of fluoride-enhanced
remineralization protocol, as well as only one kind of
bleaching were considered, not to mention the fact
that staining and re-bleaching were not considered.
However, most studies in resin infiltration using
artificial carious lesions do not validate whether they
are subsurface,?>27:28:30 which this study carefully did.
The present results are thus valuable in encouraging
further investigation of bleaching as a complement to
fluoride-enhanced remineralization or resin infiltration
in masking WSLs.

Both fluoride-enhanced remineralization and resin
infiltration, followed by bleaching or not, were able to
mask WSLs. However, subsequent bleaching may be
an interesting option to reduce the color differences
bellow the acceptability threshold, even though it
can suppress the favorable effects of resin infiltration
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regarding enamel surface roughness.

The authors would like to thank CNPq (National
Council for Scientific and Technological Development),
grant # 130632/2021-0 / T. P. Pereira, and the Sao
Paulo Research Foundation - Brazil (FAPESP), grant
EMU # 2009/53849-8 / A. C. Magalhdes, for the
financial support.

The authors declare no conflict of interest.

The datasets generated and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

Pereira, Talita Portela: Conceptualization
(Equal); Data curation (Equal); Methodology (Equal);
Writing - original draft (Equal); Writing - review &
editing (Equal). Landmayer, Karin: Conceptualization
(Equal); Investigation (Equal); Methodology (Equal);
Writing - review & editing (Equal). Iatarola, Bruna
de Oliveira: Conceptualization (Equal); Investigation
(Equal); Methodology (Equal); Writing - review &
editing (Equal). Vertuan, Mariele: Data curation
(Equal); Methodology (Equal); Validation (Equal).
Magalhdes, Ana Carolina: Data curation (Equal);
Methodology (Equal); Validation (Equal). Francisconi-
dos-Rios, Luciana Favaro: Conceptualization
(Equal); Formal analysis (Equal); Methodology (Equal);
Resources (Equal); Supervision (Equal); Writing -
original draft (Equal); Writing - review & editing
(Equal).

1- Qin X, Zi H, Zeng X. Changes in the global burden of untreated
dental caries from 1990 to 2019: a systematic analysis for the Global
Burden of Disease study. Heliyon. 2022;8(9):e10714. doi: 10.1016/j.
heliyon.2022.e10714

2- Schwendicke F, Splieth C, Breschi L, Banerjee A, Fontana M, Paris
S, et al. When to intervene in the caries process? An expert Delphi
consensus statement. Clin Oral Investig. 2019;23(10):3691-703. doi:
10.1007/s00784-019-03058-w

3- Kidd EA, Fejerskov O. What constitutes dental caries?
Histopathology of carious enamel and dentin related to the action
of cariogenic biofilms. J Dent Res. 2004;83 Spec No C:C35-8. doi:
10.1177/154405910408301s07

4- Maxfield BJ, Hamdan AM, Tifekgi E, Shroff B, Best AM, Lindauer
SJ. Development of white spot lesions during orthodontic treatment:
perceptions of patients, parents, orthodontists, and general dentists.
Am ] Orthod Dentofacial Orthop. 2012;141(3):337-44. doi: 10.1016/j.
ajodo.2011.08.024

5- Araljo GS, Naufel FS, Alonso RC, Lima DA, Puppin-Rontani RM.
Influence of staining solution and bleaching on color stability of resin
used for caries infiltration. Oper Dent. 2015;40(6):E250-6. doi:
10.2341/14-290-L

6- Urquhart O, Tampi MP, Pilcher L, Slayton RL, Araujo MW, Fontana
M, et al. Nonrestorative treatments for caries: systematic review
and network meta-analysis. J Dent Res. 2019;98(1):14-26. doi:
10.1177/0022034518800014

7- Jones RS, Fried D. Remineralization of enamel caries can
decrease optical reflectivity. J Dent Res. 2006;85(9):804-8. doi:
10.1177/154405910608500905

8- Paris S, Meyer-Lueckel H, Kielbassa AM. Resin infiltration
of natural caries lesions. J Dent Res. 2007;86(7):662-6. doi:
10.1177/154405910708600715

9- Paris S, Meyer-Lueckel H. Masking of labial enamel white spot
lesions by resin infiltration: a clinical report. Quintessence Int.
2009;40(9):713-8.

10- Borges AB, Caneppele TM, Masterson D, Maia LC. Is resin infiltration
an effective esthetic treatment for enamel development defects and
white spot lesions? A systematic review. ] Dent. 2017;56:11-8. doi:
10.1016/j.jdent.2016.10.010

11- Carvalho GG, Pires AC, Sousa FB. Influence of infiltrant application
time on the reduction of opaqueness of proximal enamel caries. Indian
J Dent Res. 2019;30(1):52-6. doi: 10.4103/ijdr.IJDR_267_17

12- Freitas PM, Basting RT, Rodrigues JA, Serra MC. Effects of two
10% peroxide carbamide bleaching agents on dentin microhardness at
different time intervals. Quintessence Int. 2002;33(5):370-5.

13- Schoppmeier CM, Derman SH, Noack MJ], Wicht MJ]. Power
bleaching enhances resin infiltration masking effect of dental fluorosis:
a randomized clinical trial. J Dent. 2018;79:77-84. doi: 10.1016/j.
jdent.2018.10.005

14- Cunha LF, Silva VB, Garcia FC, Roskamp L, Matos TP, Madalena IR,
et al. Treatment protocol of dental bleaching and resin infiltration for
white spot lesions. Int J Esthet Dent. 2023;18(2):200-6.

15- Jacob SE, Varghese JO, Singh S, Natarajan S, Thomas MS. Effect
of bleaching on color and surface topography of teeth with enamel
caries treated with resin infiltration (ICON®) and remineralization
(casein phosphopeptide-amorphous calcium phosphate). J Conserv
Dent Endod. 2023;26(4):377-82. doi: 10.4103/jcd.jcd_129_23

16- Sinanovic AL, Messer-Hannemann P, Samadi M, Schwendicke F,
Effenberger S. Effect of bleaching on resin-infiltration-masked artificial
white spots in vitro. J Funct Biomater. 2024;15(5):125. doi: 10.3390/
jfb15050125

17- Kim S, Kim EY, Jeong TS, Kim JW. The evaluation of resin infiltration
for masking labial enamel white spot lesions. Int J Paediatr Dent.
2011;21(4):241-8. doi: 10.1111/j.1365-263X.2011.01126.x

18- Mazur M, Westland S, Guerra F, Corridore D, Vichi M, Maruotti
A, et al. Objective and subjective aesthetic performance of icon®
treatment for enamel hypomineralization lesions in young adolescents:
a retrospective single center study. J Dent. 2018;68:104-8. doi:
10.1016/j.jdent.2017.11.001

19- Paravina RD, Ghinea R, Herrera L], Bona AD, Igiel C, Linninger M,
et al. Color difference thresholds in dentistry. J Esthet Restor Dent.
2015;27 Suppl 1:5S1-9. doi: 10.1111/jerd.12149

20- Avila DM, Zanatta RF, Scaramucci T, Aoki IV, Torres CR, Borges
AB. Influence of bioadhesive polymers on the protective effect of
fluoride against erosion. J Dent. 2017;56:45-52. doi: 10.1016/j.
jdent.2016.10.015

J Appl Oral Sci. 10/11 2024;32:€20240097



21- Queiroz CS, Hara AT, Leme AF, Cury JA. pH-cycling models to
evaluate the effect of low fluoride dentifrice on enamel de- and
remineralization. Braz Dent J. 2008;19(1):21-7. doi: 10.1590/s0103-
64402008000100004

22- Magalhdes AC, Moron BM, Comar LP, Wiegand A, Buchalla W,
Buzalaf MA. Comparison of cross-sectional hardness and transverse
microradiography of artificial carious enamel lesions induced by different
demineralising solutions and gels. Caries Res. 2009;43(6):474-83. doi:
10.1159/000264685

23- Santos DM, Pires ]G, Silva AB, Salomao PM, Buzalaf MA, Magalhdes
AC. Protective effect of 4% titanium tetrafluoride varnish on dentin
demineralization using a microcosm biofilm model. Caries Res.
2019;53(5):576-83. doi: 10.1159/000499317

24- Gohring TN, Zehnder M, Sener B, Schmidlin PR. In vitro
microleakage of adhesive-sealed dentin with lactic acid and saliva
exposure: a radio-isotope analysis. J Dent. 2004;32(3):235-40. doi:
10.1016/j.jdent.2003.11.003

25- Torres CR, Borges AB, Torres LM, Gomes IS, Oliveira RS. Effect of
caries infiltration technique and fluoride therapy on the colour masking
of white spot lesions. J Dent. 2011;39(3):202-7. doi: 10.1016/j.
jdent.2010.12.004

26- Torres CR, Zanatta RF, Fonseca BM, Borges AB. Fluorescence
properties of demineralized enamel after resin infiltration and dental
bleaching. Am J Dent. 2019;32(1):43-6.

27- Bak SY, Kim YJ, Hyun HK. Color change of white spot lesions after
resin infiltration. Color Res. 2014;39:506-10. doi: 10.1002/col.21821
28 - Youssef AS, Covell DA Jr, Makowka S, Gailey A, Dunford RG,
Al-Jewair T, et al. Comparison of bleaching effects when applied to
white-spot lesions before or after resin infiltration: an in vitro study. J
Am Dent Assoc. 2022;153(1):39-49. doi: 10.1016/j.adaj.2021.07.017
29- Holmen L, Thylstrup A, Ogaard B, Kragh F. A scanning electron
microscopic study of progressive stages of enamel caries in vivo. Caries
Res. 1985;19(4):355-67. doi: 10.1159/000260867

30- Rocha RS, Souza MY, Meirelles LC, Scarense CG, Diniz MB,
Caneppele TM, et al. Effectiveness of home bleaching treatment after
resin infiltrant application. Oral Health Prev Dent. 2020;18(1):549-54.
doi: 10.3290/j.0hpd.a44691

31- Marinho VC. Cochrane reviews of randomized trials of fluoride
therapies for preventing dental caries. Eur Arch Paediatr Dent.
2009;10(3):183-91. doi: 10.1007/BF03262681

32 - Brodbelt RH, O’Brien WJ, Fan PL, Frazer-Dib JG, Yu R. Translucency
of human dental enamel. J Dent Res. 1981;60(10):1749-53. doi:
10.1177/00220345810600100401

33- Auschill TM, Schmidt KE, Arweiler NB. Resin infiltration for aesthetic
improvement of mild to moderate fluorosis: a six-month follow-up case
Report. Oral Health Prev Dent. 2015;13(4):317-22. doi: 10.3290/j.
ohpd.a32785

34- Levrini L, Paracchini L, Bakaj R, Diaconu A, Cortese S. Dental
bleaching during orthodontic treatment with aligners. Int J Esthet
Dent. 2020;15(1):44-54.

35- Soveral M, Machado V, Botelho ], Mendes ]], Manso C. Effect of
resin infiltration on enamel: a systematic review and meta-analysis. J
Funct Biomater. 2021;12(3):48. doi: 10.3390/jfb12030048

36- Mueller J, Yang F, Neumann K, Kielbassa AM. Surface tridimensional
topography analysis of materials and finishing procedures after resinous
infiltration of subsurface bovine enamel lesions. Quintessence Int.
2011;42(2):135-47.

37- Wang L, Francisconi LF, Atta MT, Santos JR, Del Padre NC, Gonini
A Jr, et al. Effect of bleaching gels on surface roughness of nanofilled
composite resins. Eur J Dent. 2011;5(2):173-9.

38- Pinelli MD, Catelan A, Resende LF, Soares LE, Aguiar FH, Liporoni
PC. Chemical composition and roughness of enamel and composite
after bleaching, acidic beverages and toothbrushing. J Clin Exp Dent.
2019;11(12):e1175-80. doi: 10.4317/jced.56442

39- Meyer-Lueckel H, Chatzidakis A, Naumann M, Dorfer CE, Paris
S. Influence of application time on penetration of an infiltrant into
natural enamel caries. J Dent. 2011;39(7):465-9. doi: 10.1016/j.
jdent.2011.04.003

J Appl Oral Sci.11/11 2024;32:€20240097



	_Hlk171077458
	_Hlk170765328
	_Hlk171077294
	_Hlk170765150
	_Hlk170736111
	_Hlk170766848
	_Hlk170766941
	_Hlk170767250
	_Hlk171077496
	_Hlk170765458
	_Hlk170811861
	_Hlk171078770
	_Hlk170995720
	_Hlk170994385
	_Hlk170996865
	_Hlk170995145
	_Hlk171078840
	_Hlk170765666
	_Hlk171077600
	_Hlk170765697
	_Hlk170765379
	_Hlk171077364

