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a b s t r a c t

Background: The development of white spot lesions is a common complication of orthodontic treatment.
The use of a patient-independent method to control white spot lesions is desirable. This randomized,
controlled, in vitro study was conducted to compare the effect of the use of a filled, fluoride-releasing,
light-cured enamel sealant (Pro-Seal) versus fluoride varnish on the prevention of demineralization of
intact enamel surface.
Methods: Forty sound human premolar teeth were treated with either fluoride varnish or Pro-Seal
sealant. Twenty sound human premolar teeth were used as controls. Specimens were subjected to
thermocycling and brushing challenge protocols equivalent to 6 months and 1 year in oral environment.
The teeth were then subjected to acid challenge. Prepared sections were examined under polarized light
microscopy, and the depth of enamel demineralization was measured.
Results: The fluoride varnish group showed significantly less lesion depth compared with the control
group. The Pro-Seal group showed significantly less lesion depth compared with both the fluoride var-
nish group and the control group. Significantly deeper lesions were observed in specimens subjected to
challenges equivalent to 1 year of oral environment compared with those subjected to challenges
equivalent to 6 months of oral environment in the fluoride varnish group only.
Conclusion: Application of either fluoride varnish or filled, fluoride-releasing, light-cured enamel sealant
(Pro-Seal) was found to be efficacious in the prevention of enamel demineralization.

� 2013 World Federation of Orthodontists.

1. Introduction

The development of white spot lesions adjacent to fixed ortho-
dontic appliances is a prevalent iatrogenic effect of orthodontic
therapy. Such lesions can be clinically induced within a span of 4
weeks, which is typically within the time period between an or-
thodontic appointment and the following one [1e3].

An efficient method of decreasing enamel demineralization
around fixed orthodontic appliances is to follow a strict protocol of
oral hygiene [4,5]. However, full compliance with fluoride regimens
is unlikely [6,7]. Therefore, an ideal preventive measure would be
one that is easy for the clinician to use and independent of patient
oral hygiene habits.

Fluoride varnishes are: 1) patient independent [8]; 2) easily
applied [9,10]; and 3) provide prolonged contact between the
fluoride and the tooth enamel, such that small blocks of varnish

remain attached to the enamel even after in vitro demineralization
challenge and sonication. Fluoride varnish has been reported to
effectively reduce enamel demineralization depth both in vivo
[11e13] and in vitro [14,15].

Placement of a resin sealant on the enamel surface before or-
thodontic bracket bonding has been suggested as a means of
providing sustained and prolonged sealing of the enamel surface,
with subsequent protection of the enamel surface against demin-
eralization [16e18]. The benefit of using sealants to resist enamel
demineralization is limited by incomplete polymerization of seal-
ants due to oxygen inhibition of polymerization [19e21] and by
reduced abrasion resistance in unfilled sealants [22].

A newly developed highly filled, fluoride-releasing, light-cured
enamel sealant (Pro-Seal) offers 100% surface polymerization with
no surface oxygeneinhibited layer and is proposed to provide
adequate mechanical resistance [23]. The high filler content in Pro-
Seal has been reported to have withstood mechanical tooth-
brushing challenge for prolonged periods equivalent to 2 years
in-mouth [24,25]. Pro-Seal releases fluoride at a decreasing rate
[26], providing potential protection against enamel demineraliza-
tion in enamel areas adjacent to the sealant [27,28]. Hu and
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Featherstone [24], Buren et al. [25], and Behnan et al. [29] found
significant reductions in enamel demineralization in specimens
treated with Pro-Seal compared with fluoride varnishetreated
specimens and untreated controls.

This study was carried out to test the null hypothesis that no
significant difference in the prevalence of white spot lesions would
be observed between the use of fluoride varnish and that of the
highly filled, fluoride-releasing enamel sealant (Pro-Seal).

2. Methods and materials

Sixty premolars were used to compare the ability of the fluoride-
releasing enamel sealant (Pro-Seal, Reliance Orthodontic Products,
Itasca, Illinois) versus fluoride varnish (Fluor Protector, Ivoclar
Vivadent, Amherst, Massachusetts) to resist and prevent enamel
demineralization. The teeth were cleansed, polished with a mixture
of nonfluoride pumice and water, rinsed under running water, and
dried. The teeth were numbered and randomly assigned using a
random-number generator (Research Randomizer version 3.0,
http://www.randomizer.org/) into one of three groups, as follows.

2.1. Fluoride-releasing sealant group

Thewhole enamel surfacewas etched using 37% phosphoric acid
gel (ESPE Scotchbond Phosphoric Etchant Delivery System, 3M
Corporation, St. Paul, Minnesota) for 30 seconds, rinsed under
running water, and dried with oil- and moisture-free compressed
air. A single coat of Pro-Seal was applied to the etched enamel
surface, thinned using a gentle stream of oil- and moisture-free
compressed air, and light-cured for 20 seconds using a halogen
bulb (Elipare II, ESPE GmbH and Co., Seefeld, Germany).

2.2. Fluoride varnish group

A thin layer of fluoride varnish was applied to the pumiced dry
enamel surface using an applicator brush. The applied varnish was
evenly dispersed and dried with a gentle stream of oil- and
moisture-free air. The teeth were kept in an artificial saliva solution
for 12 hours before initial exposure to mechanical brushing with a
toothbrush to simulate the clinical instructions of leaving the var-
nish on the teeth overnight before attempting brushing.

2.3. Control group

Enamel surface received no additional treatment.

2.4. Brushing and thermocycling protocols

Ten teeth in each group underwent four separate alternating
rounds of thermocycling for 125 cycles and 900 brush strokes, for a
total of 3600 brush strokes and 500 thermocycling cycles, which is
equivalent to oral environment for 6 months.

The remaining 10 teeth in each group underwent nine separate
alternating rounds of thermocycling for 110 cycles and 800 brush
strokes, for a total of 7200 brush strokes and 1000 thermocycling
cycles, which is equivalent to oral environment for 1 year.

All of the specimens were subjected to alternating cycles of
mechanical toothbrush abrasion and thermocycling. The specimens
were stabilized in the toothbrush machine mounts using putty
viscosity rubber basematerial to facilitate removal of the specimens
for the thermocycling, and remounting for the subsequent brushing
cycle, and so on.

The mounted teeth were brushed using a brushing machine
with soft-bristled brushes centered over the buccal surfaces of the
teeth, with a constant force applied to each brush. Slurry of

nonfluoride toothpaste and water (1:3 ratio) was constantly recir-
culated by the machine. Brush heads were changed after each cycle
[25].

Thermocycling was executed by cycling the specimens in water
between 10�C and 50�C, with a dwell time of 30 seconds and a
transfer time of 10 seconds [30].

2.5. Acid challenge

The teeth were stored in an artificial saliva solution and placed
in standard ten Cate demineralizing solution (pH 4.4) for 1 hour
every 11 hours [25] for 35 days for acid challenge. The solutions
were changed every other day, and each group was cycled in
separate beakers of solutions throughout the experiment.

2.6. Specimen preparation for polarized light microscopy
examination

The teeth were sectioned longitudinally in a buccolingual di-
rection using diamond disk underwater cooling. The tooth material
was reduced by hand-grinding on polishing boards, using pro-
gressively finer grades of aluminum oxide powder until a thickness
of 150 mm was reached [15,24].

The sections werewashedwith deionizedwater and oriented on
glass cover slides. The sections were photographed using polarized
light microscopy (Olympus CX31PF, Olympus Corporation, Tokyo,
Japan) under maximum illumination. Photomicrographs were
made at 12�magnification. Tracings of the photomicrographs were
made and were scanned into a computer using a light scanner. A
template was constructed to represent 0.5 mm in occlusogingival
width [15]. The templatewas positioned over the deepest portion of
each lesion, and three lines were constructed perpendicular from
the enamel surface to the deepest area of the lesion (Fig. 1). One of
the three lines was dropped in the center of the template, and the
other two lines were dropped, one at each end of the template. The
lengths of the three lines were measured using AutoCAD 2008
software (Autodesk, Inc., San Rafael, California), and the mean
lesion depth was calculated accordingly. The lesion depth was
calculated in millimeters using a 1:12 scale and then converted into
micrometers by multiplying it by 103.

2.7. Statistical methodology

Descriptive statistics were calculated as mean (SD) for lesion
depth.

Mean depth was compared among the three study groups using
ANOVA. The mean depth was compared between each group at
different studying times using paired t test.

Fig. 1. Longitudinal section of demineralized lesion. Dashed box represents template
used for standardization for depth measurement of the lesion, and the three depth-
measurement lines.
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Significance was set at 5%. Statistical analysis was done using
SPSS version 15.0 (IBM SPSS Statistics, IBM Corporation, Armonk,
New York).

3. Results and discussion

A comparison of the mean depths of demineralization among
the study groups is shown in Table 1.

In the specimens subjected to brushing and thermocycling
equivalent to oral environment for 6 months, the fluoride varnish
group showed significantly less lesion depth compared with that in
the control group. The Pro-Seal group showed significantly less
lesion depth compared with that in both the fluoride varnish group
and the control group (Fig. 2).

In the specimens subjected to brushing and thermocycling
equivalent to oral environment for 1 year, the fluoride varnish
group showed significantly less lesion depth compared with that in
the control group. The Pro-Seal group showed significantly less
lesion depth compared with that in both the fluoride varnish group
and the control group (Fig. 3).

The fluoride varnish group showed significantly more lesion
depth in the specimens subjected to oral environment equivalent to
1 year compared with those subjected to oral environment equiv-
alent to 6 months, whereas the Pro-Seal group and the control
group showed no such difference in lesion depth.

Previous studies [24,25] have investigated the ability of Pro-
Seal to resist mechanical abrasion over extended periods equiva-
lent to 2 years in oral environment; however, the effects of
thermal changes in a patient’s mouth were not taken into
consideration. Resins are highly sensitive to thermal changes, and
cyanoacrylate loses about 80% of its strength after thermocycling
[31]. Therefore, a thermocycling challenge protocol was executed
in this study in addition to the tooth-brushing challenge to closely
simulate oral environment.

In this study, Pro-Seal showed significantly less lesion depth
compared with those in both the control and the fluoride varnish
samples in periods of examination equivalent to 6 months and 1
year in oral environment, respectively. The results of the current

study are in accordance with those of Buren et al. [25] and Hu and
Featherstone [24] despite the difference in the methodology and
measurement methods, supporting the protective effect of Pro-Seal
against enamel demineralization after prolonged mechanical
abrasion. However, neither of those studies subjected the teeth to
thermocycling challenge protocols [24,25]; the thermocycling
protocol used in the current study did not have a deleterious effect
on the protective ability of the fluoride-releasing sealant (Pro-Seal).
However, Leizer et al. [32] did compare the effects of Pro-Seal with
those of an unfilled, nonfluoride control in vivo and found no sig-
nificant inhibition of decalcification, whereas 69% of the teeth
treated with Pro-Seal showed progressive decalcification. This
findingmay have been due to other unclear factors attributed to the
oral environment that caused resin deterioration in vivo. Therefore,
further investigationsmay be needed to determine the ability of the
fluoride-releasing sealant to effectively withstand oral
environment.

The specimens treated with the Pro-Seal showed demineral-
ization in the form of isolated areas. These areas are most probably
due to exposure of enamel that lacked sealant covering. These areas
of demineralization may be due to voids produced during the very
beginning of sealant application, or to breaks in the sealant layer
resulting from thermocycling and brushing challenges. These two
postulations need further investigation.

The current in vitro study tested the effects of thermocycling
along with tooth-brushing on the protective ability of fluoride
varnish. Fluoride varnish provided considerable protection against
enamel demineralization compared with the control samples at
the 6-month and 1-year examination periods. The results of the
current studywere similar to those attained in other in vivo [11e14]
and in vitro [15,24,25] studies. This agreement would show the
ability of varnish to perform well and maintain sustainability of
protection under different oral environment conditions.

The fluoride varnish group showed significantly deeper lesions
in the specimens subjected to oral environment equivalent to 1 year
compared with those subjected to oral environment equivalent to 6
months. On the other hand, Pro-Seal group did not show such a
difference. Moreover, the fluoride-releasing sealant offered about

Table 1
Comparison of the mean depth of demineralization among the study groups

Simulated examination period Control Fluoride varnish Fluoride-releasing sealant ANOVA P

6 months 328.93 (130.08) 168.80 (30.87) 24.50 (8.57) 38.77 <0.0001*
12 months 345.08 (128.96) 237.11 (67.45) 24.46 (8.37) 37.57 <0.0001*
Paired t test 0.28 2.91 0.01
P value 0.78 0.01* 0.99

Data are presented as mean (SD) micrometers.
* Statistically significant at P � 0.05.

Fig. 2. Polarized light microscopy pictures of enamel lesion for premolars subjected to thermocycling and brushing protocols equivalent to 6 months of oral environment. (A)
Control group. (B) Fluoride varnish group. (C) Pro-Seal. Original magnification, 12�.
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twofold or better protection against demineralization compared
with that of fluoride varnish. Hence, it can be concluded that Pro-
Seal has more longevity and sustainability over extended periods
compared with fluoride varnish, which may require reapplication
as suggested by Guzma’n-Armstrong et al. [33], who applied fluo-
ride varnish at least two or three times per year during treatment of
patients with poor oral hygiene.

4. Conclusions

Application of either fluoride varnish or filled, fluoride-
releasing, light-cured enamel sealant (Pro-Seal) to the intact
enamel was efficacious in preventing enamel demineralization. A
single application of Pro-Seal at the start of orthodontic treatment
may be sufficient to prevent enamel demineralization for at least 1
year.

4.1. Recommendations

Fluoride varnish application to prevent enamel demineraliza-
tion is better done at a frequency of every 6 months or less to
achieve adequate protection.
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Fig. 3. Polarized light microscopy pictures of enamel lesion for premolars subjected to thermocycling and brushing protocols equivalent to 1 year of oral environment. (A) Control
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