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Abstract:

White spot lesions remain one of the most common complications during fixed orthodontic treatment because plaque accumulation
around brackets promotes enamel demineralization despite routine preventive measures. Therefore, it is of interest to evaluate the
effectiveness of three bracket-area sealants in preventing artificial white spot lesion formation around bonded orthodontic brackets
using 120 extracted human premolars randomly allocated to four groups and subjected to a 14-day pH-cycling model. The control
group showed the greatest lesion depth (112.6 + 18.9 pm), whereas fluoride-releasing resin sealant (64.8 + 12.7 pm), filled resin sealant
(725 + 141 pm) and glass-ionomer sealant (81.9 + 15.6 pm) showed significantly lower lesion depths (p<0.001). Surface
microhardness loss and visual demineralization scores were significantly reduced in all sealant groups, with the filled resin sealant
exhibiting the highest sealant retention (86.7%). Thus, data shows that bracket-area sealants effectively reduced artificial white spot
lesion formation, with the fluoride-releasing resin sealant providing the greatest overall preventive benefit under the conditions of

this in vitro study.
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Background:
While fixed orthodontic appliances have revolutionized

malocclusion correction, they also create plaque retentive areas
that present a challenge to routine oral hygiene. Cariogenic
biofilm can mature in protected areas around the enamel
surface, such as brackets, archwires, elastomeric modules and
excess adhesive. The white spot lesion is one of the most obvious
effects and is a non-cavitated carious lesion that is an early stage
of the disease with loss of minerals from the surface layer. These
lesions can develop in a short time after appliance placement
and can persist clinically long after debonding, thus negating the
esthetic results of orthodontic treatment [1, 2]. White spot lesions
are a significant clinical problem. Prevalence and incidence rates
reported are highly variable due to the different diagnostic
criteria, age groups, oral hygiene practices, treatment duration
and recording systems, but fixed appliance therapy is always
associated with higher risk than untreated dentitions. Lesions
are typically found around the gingival, mesial and distal
margins of brackets, particularly on the maxillary anterior teeth
and premolars where plaque is often trapped and difficult to
clean. The issue is especially significant in adolescents, who
might have a combination of dietary fermentable carbohydrates,
irregular brushing and long appointment intervals that can lead
to repeated low plaque pH [3, 4]. The balance between
demineralization and remineralization is the key to the
development of white spot lesions. Enamel becomes
demineralized, resulting in increased porosity and light
scattering, when acidogenic biofilm is present around
orthodontic attachments. Preventive strategies are designed to
minimize biofilm retention, increase fluoride availability,
increase remineralization, or provide a physical barrier between
the enamel and the plaque-acid challenge. Traditional methods
like fluoride toothpaste, mouth rinses, varnishes, dietary advice
and oral hygiene education reinforcement are still important, but
many of these require patient adherence [5, 6]. Sealants placed
around brackets are attractive because they can provide a

- -

clinician-controlled, localized preventive approach at the most
vulnerable enamel-bracket interface. These materials can
provide micromechanical barriers, decrease direct diffusion of
acids into enamel, provide fluoride or other therapeutic ions and
facilitate surface topography around the bonded bracket.
Various materials have been suggested, such as unfilled or filled
resin sealants, fluoride-releasing resin materials, antimicrobial-
coated resin sealants and glass-ionomer-based sealants. They are
effective when they adhere to etched enamel, withstand the
abrasion of toothbrushes, polymerize well, are continuous at the
margins and retain in the oral cavity over time [7, 8]. Clinical
and laboratory studies indicate that sealants in the brackets may
prevent or slow the onset or development of demineralization in
enamel. However, the results are still inconsistent due to
variations in sealant composition, application time, tooth
selection, assessment of lesions, pH cycling protocol and follow-
up period. Other studies show definite improvement in lesion
depth and visual scores, while others show only slight
improvement or no difference between fluoride-releasing
materials and non-fluoride materials. Another important
consideration is the durability of the sealant layer, as a
compromised sealant can result in enamel exposure to plaque
and a false sense of protection [9, 10]. The need now is to
establish the efficacy of sealants, as well as to compare the
effectiveness of the various sealant categories under standard
conditions. Although in vitro pH cycling models are not as
complex as the oral cavity, they allow for controlled comparison
of materials that are subjected to repeat demineralizing and
remineralizing cycles. Combined, these measures of lesion
depth, surface microhardness, visual scores and sealant retention
give a more clinically relevant assessment of preventive
performance around brackets [11, 12]. Therefore, it is of interest
to evaluate and compare the effectiveness of fluoride-releasing
resin sealant, filled resin sealant and glass-ionomer-based sealant
in preventing artificial white spot lesions around orthodontic
brackets using lesion depth, surface microhardness, visual
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demineralization scores and sealant retention as outcome
measures.

Materials and Methods:

Study design and setting:

This is an experimental in vitro study carried out in the
Department of Orthodontics in association with the Department
of Oral Biology and Materials Science. The study evaluated the
formation of artificial white spot lesions around orthodontic
brackets bonded with various bracket area sealants. The unit of
analysis for this unit was the extracted human premolar tooth.

Sample size estimation:

The sample size was determined based on the outcome of lesion
depth. With a minimum expected difference of 15 microm, a
standard deviation of 18 microm, 80% power and 5% alpha
error, 27 specimens were needed per group. Thirty teeth were
used in each group and a total of 120 premolars were used to
compensate for specimen loss during preparation and pH
cycling.

Specimen selection:

Human maxillary and mandibular premolars were collected
from freshly extracted teeth that were taken out for orthodontic
purposes. Teeth that had intact buccal enamel, no cracks,
fluorosis, hypoplasia, caries, restorations, previous bleaching, or
developmental defects were included. Teeth that had enamel
fracture, surface discoloration, enamel erosion, enamel abrasion
facets that extended into the bracket bonding area, or teeth that
had been stored for more than three months were excluded.
Hand scalers were used to remove soft tissue remnants and non-
fluoridated pumice was used to clean teeth.

The storage and preparation of specimens:

The teeth were placed in 0.1% thymol solution for 1 week and
then kept in distilled water at room temperature until use. The
buccal surface of each tooth was exposed and oriented parallel to
the direction of loading and microscopic evaluation in self-cure
acrylic resin blocks. The surface of the buccal enamel was
polished for 10 seconds with a rubber cup and non-fluoridated
pumice and then rinsed and air dried.

Grouping and materials:

The specimens were randomly divided into four groups with
computer-generated random numbers: Group I, no sealant
control; Group II, fluoride-releasing resin sealant; Group III,
highly filled resin sealant; and Group IV, glass-ionomer-based
sealant. There were 30 teeth in each group. All specimens were
prepared with stainless steel premolar brackets of a standard
base area of 10.5 mm2. To standardise the bonding conditions, all
groups were bonded using a conventional light-cure orthodontic
adhesive.

The protocol for applying bonding and sealant:
The surfaces of all buccal surfaces were etched with 37%
phosphoric acid gel for 30 seconds, rinsed for 15 seconds and
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dried to a frosty white. Primer was used as directed by the
manufacturer and brackets were bonded with light cure
orthodontic adhesive. Before curing, any excess adhesive was
carefully removed with an explorer. The sealant used in the
experimental groups was applied as a thin continuous layer
around the margins of the brackets, extending about 1.5 mm
from the base of the brackets. The light curing was carried out
using LED curing unit with output intensity of 1000mW /cm? for
20 seconds from mesial, distal, gingival and occlusal aspects. No
extra material was placed around the bracket after bonding in
the control group.

Artificial demineralization protocol:

The pH cycling protocol was standardized and followed for 14
days in a row. All specimens were placed in demineralizing
solution for 6 hours and remineralizing solution for 18 hours
daily at 37 degrees Celsius. The demineralizing solution was
composed of calcium chloride, potassium dihydrogen phosphate
and acetic acid at pH 4.5. The remineralizing solution consisted
of calcium chloride, potassium dihydrogen phosphate,
potassium chloride and buffer (pH 7.0). Solutions were freshly
prepared and changed every 48 hours. Between the different
solutions, specimens were rinsed with distilled water.

Outcome assessment:

Brackets were carefully removed after pH cycling using bracket-
removing pliers. All specimens were visually inspected under
standard light and photographed with a digital camera set at a
fixed distance. The bracket area was scored on a four-point
ordinal scale, ranging from 0 (no visible opacity) to 3 (marked
opacity or early cavitation). Surface microhardness was
determined by a Vickers microhardness tester with a load of 100
g for 10 seconds at three specified locations around the bracket
area. Microhardness was measured on a protected enamel area
before pH cycling and percentage microhardness loss was
determined. The depth of the lesions was measured by polarized
light microscopy on longitudinal enamel sections taken from the
area adjacent to the bracket. Sealant retention was scored before
debonding as complete retention, partial loss, or complete loss.

Reliability and blinding:

An examiner blind to group allocation conducted all outcome
assessments. To check intra-examiner reliability, 10 randomly
selected specimens from each group were re-evaluated after two
weeks. Intraclass correlation coefficient (ICC) was 0.91 for lesion
depth and weighted kappa was 0.86 for visual score assessment,
both of which showed good reproducibility.

Statistical analysis:

The data were analyzed by using statistical software. The
Shapiro-Wilk test was used to test for normality. Data for
continuous variables were presented as mean + SD. The depth of
lesions and loss of microhardness were compared between
groups using one-way analysis of variance and Tukey post-hoc
testing. The Kruskal-Wallis test and chi-square test were used to
compare ordinal visual scores and retention categories,
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respectively. A p-value of <0.05 was considered statistically
significant.

Results:

All 120 specimens were subjected to the pH cycling procedure
and included in the final analysis. The baseline enamel
microhardness values were similar between the four groups,
which indicate that the groups were similar prior to the
experimental challenge. There was no loss of brackets during the
pH cycling. The presence of artificial white spot lesions was
observed around bracket margins in all groups and the severity
and depth of the lesions were significantly different among the
groups depending on the sealant used. The no sealant control
group had the greatest mean lesion depth (112.6 +/- 189
microm). The depth of lesions was significantly less for all
groups of sealants than for the control group (p<0.001). The
fluoride-releasing resin sealant group had the least depth of
lesions (64.8 +/- 12.7 microm), followed by the filled resin
sealant group (72.5 +/- 14.1 microm) and the glass-ionomer
sealant group (81.9 +/- 15.6 microm). Results of post hoc
analysis showed significant differences between the control
group and each sealant group. The difference between the
fluoride-releasing resin and the glass-ionomer groups was also
statistically significant, while the difference between fluoride-
releasing resin and filled resin sealant was smaller but clinically
significant. The control group had the highest surface

Table 1: Intergroup comparison of lesion depth and microhardness loss
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microhardness loss (42.8 +/- 6.9%), with all sealant groups
showing significantly lower surface microhardness loss. The
fluoride-releasing resin sealant group had a mean
microhardness loss of 24.6 +/- 5.8%, the filled resin sealant
group had a mean microhardness loss of 28.9 +/- 6.2% and the
glass-ionomer sealant group had a mean microhardness loss of
32.4 +/-6.5% (p<0.001). The depth of lesions was well correlated
with the pattern of microhardness preservation. The visual
demineralization scores indicated that the most common lesions
were severe in the control group. Of the control specimens,
73.3% had a score of 2 or 3, while 20.0% in the fluoride-releasing
resin sealant group, 30.0% in the filled resin sealant group and
43.3% in the glass-ionomer sealant group had a score of 2 or 3.
There was a variation in sealant retention between materials. The
filled resin sealant group had the highest complete retention
(86.7%), followed by the fluoride-releasing resin sealant group
(76.7%) and the glass-ionomer sealant group (60.0%). One-way
ANOVA showed significant intergroup differences for both
lesion depth and microhardness loss. Tukey post hoc testing
showed significantly lower lesion depth and microhardness loss
in all sealant groups compared with control. Score 0 = no visible
opacity; Score 1 = slight opacity; Score 2 = distinct opacity; Score
3 = marked opacity or early cavitation. Kruskal-Wallis test
showed a significant difference among groups (Table 1-3).

Group n Lesion depth (microm), mean +/- SD Microhardness loss (%), mean +/- SD p-value
No sealant control 30 112.6 +/-18.9 428 +/-6.9 <0.001
Fluoride-releasing resin sealant 30 64.8 +/-12.7 24.6+/-58
Filled resin sealant 30 725 +/-14.1 289 +/-6.2
Glass-ionomer-based sealant 30 81.9 +/-15.6 324+/-65
Table 2: Visual demineralization score distribution after pH cycling
Group Score O0n (%) Scoreln (%) Score2n (%) Score3n (%) p-value
No sealant control 0 (0.0 8(26.7) 14 (46.7) 8(26.7) <0.001
Fluoride-releasing resin sealant 7 (23.3) 17 (56.7) 6 (20.0) 0 (0.0
Filled resin sealant 5(16.7) 16 (53.3) 8(26.7) 1(3.3)
Glass-ionomer-based sealant 3 (10.0) 14 (46.7) 11 (36.7) 2(6.7)

Table 3: Sealant retention pattern in experimental groups

Group Complete retention n (%)  Partial loss n (%)

Fluoride-releasing resin sealant 23 (76.7) 7(23.3)
Filled resin sealant 26 (86.7) 4 (13.3)
Glass-ionomer-based sealant 18 (60.0) 11 (36.7)

Complete loss n (%)  p-value
0(0.0) 0.046

0 (0.0)

1(3.3)

Chi-square test showed a significant difference in retention among sealant materials. Complete retention was highest in the filled resin sealant group.

Discussion:

The present in vitro study showed that sealants around
orthodontic brackets were effective in significantly reducing the
formation of artificial white spot lesions when compared to no
sealant. This protection was observed for all lesion depths,
microhardness loss of the surface and visual demineralization
scores. The results of this study confirm the hypothesis that the
bracket area is the most plaque retentive area of fixed
orthodontic appliances and that sealants can provide a
protective barrier at this area. The fluoride-releasing resin
sealant had the greatest reduction in lesion depth, while the
filled resin sealant had the best retention pattern. This means

that therapeutic ion release and material durability are both
pertinent to preventive performance. The high lesion depth and
microhardness loss measured in the control group is consistent
with the known susceptibility of enamel next to brackets to
repeated acid challenge. Fixed appliances change the oral
environment, making it more stagnant and less self-cleansing
due to saliva and cheeks. If the enamel is not sealed or has a low
fluoride reservoir, mineral loss occurs quickly in low pH. The
microscopic distribution of scores in the control group is further
highlighted by the visual distribution of scores, which is also a
clinically perceptible change that could impact post-treatment
esthetics [13, 14]. Barrier formation is the main reason for the
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lower lesion depth in all sealed groups. A continuous sealant
layer will minimize direct contact between enamel and an acidic
solution, minimize ion diffusion and smoothen irregularities
around the bracket margin. This effect is particularly important
in the gingival bracket area where plaque removal is challenging
and initial lesions are often seen [15]. In this study, the fluoride-
releasing resin sealant demonstrated the best results in terms of
lesion-depth and microhardness. Fluoride can decrease enamel
solubility, stimulate remineralization and inhibit bacterial
metabolism in acidic environments. White spot lesions remain
an important adverse effect of fixed orthodontic treatment and
the use of remineralizing bonding materials such as amorphous
calcium phosphate-containing composites may reduce enamel
demineralization around brackets compared with conventional
adhesives [16]. The highest complete retention rate was obtained
with the filled resin sealant. This is clinically significant because
the most effective materials can be ineffective if they are lost
during brushing, chewing or orthodontic adjustments. Filled
resin materials tend to be more wear resistant than very low
viscosity unfilled coatings and this can contribute to a more
stable barrier during mechanical challenge. The present model
did not incorporate toothbrush abrasion or long-term thermal
cycling, but the retention pattern indicated that filled sealants
might offer good mechanical coverage if applied carefully
around the bracket margins. The glass-ionomer based sealant
resulted in a high degree of protection, but was not as retentive
or as shallow as resin-based sealants. The glass-ionomer
materials can release fluoride and chemically bond to enamel,
but are more likely to become roughened on the surface,
moisture sensitive and cohesive breakdown when used as a thin
coating. A rough or discontinuous surface can trap plaque and
allow acid to penetrate in certain areas of the bracket area. The
properties of these groups could be the reason for the better
performance of the glass-ionomer group compared with the
control group, but not as favorably as the resin-based groups in
this study. The distribution of visual scores supports the
quantitative results. The resin sealant groups generally did not
have any visible lesions, while the control group often had
visible opacity or early cavitation. Visual scoring is a relevant
outcome as patients and clinicians are mainly interested in
visible enamel changes after debonding. However, the validity
of visual scoring can be improved by using microhardness and
lesion-depth assessment and visual scoring alone may
underestimate the early loss of minerals in the subsurface. The
current results support the concept of prevention in orthodontic
treatment being proactive rather than corrective. Fluoride-based
preventive strategies also appear beneficial, with fluoride
varnish and fluoride-releasing sealants preserving enamel
hardness and limiting white spot lesion development, while
fluoride varnish may provide greater protection [17]. One
practical implication of this study is that the selection of
materials should consider the prevention and retention of
lesions. A resin sealant that releases fluoride could be considered
if there is a high risk of caries and the clinician is able to monitor
and re-apply the material as necessary. If long-term mechanical
resistance is desired, a filled resin sealant might be appropriate.
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In certain cases, glass-ionomer-based coatings can be useful;
however, the retention and surface durability of the coating
should be taken into account [18]. No matter the material, careful
enamel cleaning, careful etching, thin, even application, proper
light curing and regular checks are critical to clinical success.
There are some limitations in this study. The in vitro design
enabled the pH cycling and material application to be
standardized, but it did not simulate the complex oral
environment such as the composition of saliva, diversity of
bacterial biofilm, diet, masticatory forces, brushing abrasion and
patient-related hygiene behavior. The pH cycling period was
relatively short and set up to mimic an accelerated
demineralization challenge. Sealant retention was evaluated
following laboratory cycling, not after months of clinical use.
Further research should incorporate thermocycling, toothbrush
abrasion, multispecies biofilm models, extended observation
times and randomized clinical trials with standardized
photographic and fluorescence-based evaluations. In these
constraints, the results suggest that the use of sealants in the
bracket area is a useful preventive adjunct to prevent the
formation of artificial white spot lesions. They do not negate the
need for oral hygiene reinforcement and fluoride exposure, but
do indicate that sealants may help to decrease enamel
vulnerability at bracket margins. The most sensible clinical
strategy might be to use sealants as needed, based on risk and to
follow up carefully and reapply when partial loss is found.

Conclusion:

We show that artificial white spot lesion formation was
significantly decreased with sealants around orthodontic
brackets compared with no sealant under standardized in vitro
pH cycling conditions. The fluoride-releasing resin sealant
resulted in the least depth of lesions and loss of microhardness
and the filled resin sealant had the highest retention. Thus,
bracket area sealants may be helpful as a preventive adjunct
during fixed orthodontics, especially in patients and areas of
high risk for enamel demineralization.
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