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ABSTRACT

Introduction: Fluoride has the ability to incorporate into the crystalline lattice of dental hard
tissues, resulting in less solubility in acidic environment. The laser—fluoridation combination is a
technique that combines the application of fluoride varnish along with laser. Aim of study: This
study aimed to evaluate and compare the effect of diode laser when irradiated at diffirent powers
and when used either before or after fluoride varnish application on the longevity of fluoride release
using ion selective electrode, from three different fluoride varnishes (in vitro study): Enamel pro

varnish and Clinpro XT varnish.

Material and Methods: 40 samples were collected, and then divided into 2 groups: Group
I: Enamel pro and Group II: Clinpro XT. Each group was further subdivided into 5 subgroups,
according to diode laser application, then samples were placed individually in a test tube containing

artificial saliva. Fluoride release was measured by ion selective electrode for fluoride.

Results: Clinpro XT had the highest amount of fluoride release. There was a statistically
significant difference in fluoride release when diode laser was irradiated at 7 Watt, after Enamel pro

and Clinpro XT application.

Conclusion: Enamel pro and Clinpro XT can be used efficiently as fluoride varnishes. Diode

laser irradiation at 7 Watt after fluoride varnish application has a profound effect on fluoride release.
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INTRODUCTION

Dental caries is a major health problem, despite
all the efforts for the improvement of the dental
health care over the past years. Dental caries
is a dynamic process that involves cycles of
demineralization and remineralization “. The use
of fluoride for caries prevention has been known
for many decades. The fact that fluoride can be
incorporated in the enamel matrix, resulting in the
formation of fluorhydroxyapatite that is less soluble
in acidic environment, has been the scientific
cornerstone for caries prevention. The success
of topical fluoride treatment depends mainly on
the formation of fluoride reservoirs on the tooth
surface. These reservoirs are capable of supplying
the tooth surface by fluoride ions for prolonged
period of time ®. One of the most commonly used
fluoride varnishes is Enamel-Pro due to its ability
to release fluoride for prolonged period of time
@, In a study that was conducted to compare the
amount and rate of fluoride release from Enamel
Pro and vanish XT withVanish and Duraphat with
one group was not treated and served as a negative
control. The concentration of fluoride was measured
in ppm, using ion selective electrode for fluoride.
According to the results of this study, both Enamel
Pro and Vanish XT had significantly higher fluoride
release from Duraphat and Vanish @ .

Former studies proved that glass ionomer-
based fluoride varnishes (e.g., Clinpro XT) have
exhibited sustained release of fluoride for extended
periods of time, more than the conventional fluoride
varnishes ©9. In a clinical trial, that was conducted
to compare the efficacy of caries prevention of
Clinpro XT Varnish, Multifluorid, Gluftored and
a control group, in which the patients were given
the recommendations on oral hygiene with the use
of fluoride toothpaste. Prevention efficacy was
determined using the test of enamel resistance
(painting of enamel area pretreated with acid).
They found out that the use of long-acting fluoride

Yassmin Yasser Hammad, et al.

varnish Clinpro XT Varnish was statistically
significant in increasing the enamel resistance
when compared to the other fluoride agents 7. In
the last two decades, several studies evaluated
the effect of laser—fluoridation technique which
combines the application of fluoride varnish along
with the application of laser on fluoride release
and caries prevention. According to these studies,
this technique improved fluoride binding to the
enamel and increased the incorporation of fluoride
into the hydroxyapatite structure, when combined
with topical fluoride. This combination results in
the formation of fluor-hydroxyapatite and calcium
fluoride (CaF,)) on the enamel surface serving as
a reservoir of fluoride ®9. In a systematic review,
that was conducted to determine the efficacy of
laser in caries prevention either when only laser
was applied on the enamel surface or when used in
combination with fluoride varnish, they found out
that lasers can induce crystallographic changes on
enamel, effectively increasing its acid resistance
and significantly inhibiting caries development
and progression through promoting changes in
the shape and size of hydroxyapatite crystals and
loss of prismatic structure, leading to formation
of new crystalline phases, which are less resistant
to demineralization. However, a combination of a
laser and fluoride is the most promising treatment
for caries prevention 19,

According to the available data, there is a relation
between diode laser application and fluoride release
when diode laser is applied either before or after
fluoride varnish application. so, the present study
was conducted to determine the effect of diode laser
application when used at two diffirent laser power
with standardized application time 15 seconds,
either before or after fluoride varnish application on
the longevity of fluoride release and add more data
regarding fluoride release and laser-fluoridation
from these fluoride varnishes in the pediatric dental
field.
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MATERIAL AND METHODS

The present study was conducted after the
approval of the Research Ethics Committee of
Faculty of Dentistry, Suez Canal University, on 9"
of September 2018, code 126/2018, as no living
subjects were at any risk during this study.

In this study, the following material were used;

1-Enamel Pro varnish, 5% Sodium fluoride
and 2.3% Amorphous Calcium Phosphate (ACP),
manufactured by Premier Dental Products Co.,
USA.

2-Clinpro XT varnish, Resin modified glass
ionomer and 5% soduim fluoride, manufactured by
3M ESPE, Australlia.

Sample size calculation:

Fourty extracted upper and lower premolars,
were calculated according to g power software
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virsion 3.1.9.6 with computed effect size (f) of 0.65,
alpha (a) level of 5%, Beta (3) level of 20% and
power of 0.80, these calculations weres based upon
the results of Virupaxi SG et al. 2016 1"

Teeth Selection:

A total of 40 premolars, that was extracted
for orthodontics purposes, were collected from
Outpatient Clinic of Maxillofacial Department,
Faculty of Dentistry, Suez Canal University. The
extracted premolars were thoroughly cleaned using
a fluoride free slurry pumice and a prophylaxis
brush in a contra-angled low speed hand piece and
then, stored in distilled water for one month until
the day of experiment.

Samples grouping:

The 40 premolars were divided into two main
groups according to the type of fluoride varnish
used, each contained 20 premolars. Then each group

Ve

Enamel Pro group:

Subgroup A: no LASER
application

Subgroup B: 5 Watt LASER
application before Enamel pro
\ application |

Subgroup C: 5 Watt LASER
application after Enamel pro
application

Subgroup D: 7 Watt LASER
application before Enamel pro
application

Subgroup E: 7 Watt LASER
application after Enamel pro
application

\ >

~

Clinpro XT group:

Subgroup A: no LASER
application

Subgroup B: 5 Watt LASER :
application before Clinpro XT
application |

Subgroup C: 5 Watt LASER
application after Clinpro XT
L aapplication

Subgroup D: 7 Watt LASER |
application before Clinpro XT
L application J

Subgroup E: 7 Watt LASER
application after Clinpro XT

application
\

Fig. (1) : Sample grouping and laser treatment
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was further subdivided into 5 subgroups according
to laser apllication, each contained 4 premolars.
Then each premolar was sectioned mesiodistally
using a disc, after the removal of the roots to obtain
two samples from each premolar, so that each
subgroup contain 8 samples (fig.1). The distribution
of premolars before sectioning was preformed to
ensure that each subgroup contained equal number
of buccal and lingual samples. After sectioning, all
samples were covered by nail polish except a 4x4
mm window.

Laser treatment:

A commercial diode laser (epic x-Biolase) with
a wavelength of 940 nm and a power up to 10 Watt
was used in the present study. Two different powers
of diode laser were used; SWatt or 7Watt. The time of
laser application for each sample was standardized
in all subgroups at 15 continuous seconds.

Standardization of the distance between the
sample and optic fiber of diode laser was performed
using a putty model of 9x9 mm, in which the sample
was placed to ensure equal distance between the tip
of the laser hand piece and the enamel surface of the
sample (fig.2). The laser tip was held perpendicularly
to the samples with a tip/sample distance of 5mm ©.

After and diode
application, each sample was placed in individual

fluoride  varnish laser

test tube at room temperature, containing 3ml of

artificial saliva which was prepared in Inorganic

Fig. (2) : putty mold
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Chemistry department at Faculty of Science, Suez
Canal University. The artificial saliva composed of
1.5 mmol/L Cacl2, 50 mmol/L KcL, 0.9 mmol/L
KH2Po4 and 20 mmol/L tris buffer at pH of 7.2 12,
The artificial saliva was changed after after 1 day, 1
month, 3 months and 6 months from the application
of fluoride varnishes ©

Fluoride measurement ®:

Fluoride ions leaching out into the artificial
saliva was measured in parts per million (ppm) by
ion selective electrode for fluoride at Faculty of
Science, Ain Shams University. The samples were
measured after treatment application at lday, 1
month, 3 months and 6 months

RESULTS

The results of the present study showed that the
Clinpro XT Varnish had consistently and substan-
tially more fluoride release than Enamel Pro over an
extended period of 6 months. Also, there was a sta-
tistically significant difference between the applica-
tion of diode laser at 5 and 7 Watt and when applied
either before or after fluoride varnish application.

Fluoride release in main groups:

In Enamel pro group the greatest mean of
fluoride release was observed during the 1% day,
I’ month, 3 month and finally the 6™ month. The
highest mean of fluoride release was recorded i n
subgroup E (fig 3).

In Clinpro XT group the greatest mean of
fluoride release was observed during the 1* month,
3 month, 6™ monthand finally the first day.The

highest mean of fluoride release was recorded in
subgroup E (fig 4).

Fluoride release comparison in subgroups:

Fluoride release comparison in subgroups A:

There wa highly statically significant difference
in fluoride release betweenthe the two subgroups at
P-Value <0.001(fig 5)
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Fluoride release comparison in subgroups B and C

There was a statically significant difference
between diode laser application before and after

fluoride varnish application as P-Value <0.05 (fig 6)

Fluoride release comparison in subgroups D
and E:

There was a highly statically significant
difference between diode laser application before
and after fluoride varnish application as P-Value

<0.001 (fig 7)
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Subgroups A
i3 w—Ename Pro

Clinpro XT
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- \/\

1 day 1 month 3 months 6 months

Fig. (5) Fluoride mean release in ppm in subgroups A.
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Fig. (3) Fluoride mean release in ppm in Enamel Pro subgroups.
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Fig. (6) fluoride mean release in ppm in subgroups B and C.
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Fig. (4) Fluoride mean release in ppm in Clinpro XT subgroups.

Fig. (7) fluoride mean release in ppm in subgroups D and E.
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DISCUSSION

In this study, the benefits of combining fluoride
varnish application with diode laser irradiation on
fluoride release were evaluated when diode laser
irradiation was utilized either before or after fluoride
varnish application. According to the findings of
this investigation, all the fluoride varnishes release
fluoride but the rate of fluoride release is not constant,
it varies. This is probably because of varied additives
in each fluoride varnish’s formulation, which affects
the rate of release of fluoride between the three
fluoride varnishes. According to the findings of this
study, there was a statistically significant difference
in the fluoride mean release of the Enamel Pro group
over the course of six months, with the maximum
fluoride release observed at one day, followed by
three months, one month, and finally six months.

This could be related to its composition, which
contains 5% sodium fluoride and 2.3 percent ACP.
Sodium fluoride released fluoride at the first day,
then interacted with tooth structure to generate
fluoridated apatite (firmly bound) or calcium fluoride
(loosely-bound). The fluoride is firmly bonded and
integrated onto the surface of the apatite crystals.
While the weakly bound fluoride worked as a
reservoir source, it delivered a rather slow release of
fluoride. Meanwhile, calcium and phosphate were
released by the ACP. Because the calcium released
was bound with fluoride, the presence of calcium
fluoride increased, resulting in an increase in
fluoride mean release in the third month *. Similar
results to our study was found by Jablonowski et
al., 2012 @ where he saw that enamel pro showed
high fluoride release when compared to Vanish XT,
Vanish, and Duraphat. The findings of this research,
on the other hand, are in contrast to those of
Cochrane et al., 2014 ", who evaluated fluoride,
calcium, and inorganic phosphate ions released
from five different fluoride varnishes: MI varnish,
Clinpro white ,Enamel Pro varnish, Biflourid, and
Duraphat, and reported that Enamel Pro did not
show substantially adequate fluoride release.In our
study Clinpro XT varnish released consistently
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and substantially more fluoride than nml Pro in
the period of 6 months. This is probably due to the
chemical bond between glass ionomer of Clinpro
XT varnish and tooth structure. Based on resin
modified glass ionomer technology, fluoride release
would be slower and extended . The results of this
in-vitro study indicated that the Clinpro XT Varnish
had th highst mn of fluori rls whn ompr to th othr
groups. The highest fluoride release was recorded at
one month, three months, six months, and one day.
Clinpro XT varnish released a significant amount
of fluoride over a 6-month period. This is probably
due to the chemical bond between glass ionomer of
Clinpro XT varnish and tooth structure. Based on
resin modified glass ionomer technology, fluoride
release would be slower and extended “¥. The
results from this study, regarding fluoride release of
Clinpro XT, are consistent with the conclusion of
Virupaxi, et al.,2016 "V, who stated that Clinpro
XT had the highest fluoride mean release when
compared to conventional fluoride varnishes, after
evaluating the longevity of fluoride release from
Clinpro XT, Flouritop SR and Flourprotector over
a period of 6 months through salivary fluoride
estimation, after 1 week, 1 month, 3 months and
6 months from varnishes application.The current
study’s findings, on the other hand, differ from those
of Scotti et al., 2019 ">, who investigated the effect
of Clinpro XT and Duraphat varnishes on inhibiting
demineralization of underlying and adjacent areas
surrounding caries-like lesions in enamel and
measuring fluoride release.

By the end of their study, they concluded that
there was no statistically significant difference in
the percentage of fluoride release among the three
groups; this difference in conclusion could be
attributed to the fact that they measured fluoride
release in demineralized tooth structure, rather
than sound tooth structure, as in the current study..
According to the results of this study there was a
statistically significant difference between the use
of diode laser either before or after fluoride varnish

application and regarding the power used, when
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compared to no diode laser irradiation, this is may
be attributed to heat generated from diode laser
which in returns, aids the incorporation of fluoride
into the hydroxyapatite structure and results in the
formation of fluorohydroxyapatite and calcium
fluoride (CaF2) on the enamel surface serving as a
reservoir for fluoride.

Meanwhile, the diode laser irradiation was not
that effective when used before fluoride varnish
application as when it was used after fluoride
varnish application because it did not have an effect
on sound enamel as the atomic bond between the
hydroxyapatite is stable and closed “*!?. The results
of the current study regarding the use of diode laser
application were in agreement with Moreno et.al.,
2007 ®, who used diode laser at both 5, 7 and 10
Watt irradiation for 30 seconds in combination with
Duraphat fluoride varnish. laser -fluoridation lead to
increase in the fluoride uptake in general however,
they stated that there was no statistically significant
difference between different laser groups. Also,
there was an agreement with the results from a study
by Al Maliky et al.,2019 ®, who concluded that
the application of diode laser alone or after fluoride
varnish application is useful for caries prevention
more than fluoride varnish application alone, after
assessing the effectiveness of 425 nm diode laser
when used alone or when applied after topical
fluoride varnish in inhabiting artificial caries lesions
formation. On the otherhand, the results of the
present study are not similar to the results of a study
by Santaella et al., 2004 1, who evaluated caries
prevention in primary teeth using only Duraphat 5%
fluoride varnish or diode laser application for 1 min
followed by, fluoride varnish application. According
to their results, topical fluoride was more effective
than diode laser in caries prevention. This may be
attributed to the difference between the wave length
of diode laser used in this study (699 nm) while
the wave length used in the present study was (960
nm). There is also a disagreement with the results of
Bahrololoomi and Lotfian, 2015 ?”, who evaluated
the potentials of 5 and 7 Watt diode laser application
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for 30 seconds after Topex DuraShield (5% NaF)
fluoride varnish application in remineralization of
artificial caries. the combined application of diode
laser and topical fluoride varnish on enamel surface
did not show any significant effect on enamel
resistance to caries.

CONCLUSIONS

Both Clinpro XT and Enamel pro can be used
effectively bi-annually, as they both have extended
fluoride release over the period of six months.

Diode laser application after fluoride varnish
applicant had an effect in increasing fluoride release
meanwhile diode laser application before fluoride
varnish application did not have a significant effect
on fluoride release.

The use of 7 Watt diode laser is more effective
than the use of 5 Watt.

Limitations

There are limitations to using the data from our
study directly in clinical practice. This in-vitro study
measured the rate of fluoride release using artificial
saliva, the dynamics of human saliva affecting
the rate of fluoride release were not considered.
However, the data from this in-vitro study provides
the clinician the knowledge of fluoride varnishes
which releases fluoride over extended time period
so that the selection of varnish can be made based
on each individual patient clinical presentation and
provider preference.

Recommendation

1- Further in vitro studies are need to compare
the effect of diode laser application at different
powers on fluoride release, remineralization and
to evaluate its effect on pulpal temperature.

2- Further in vivo studies are need to assess the
longevity of fluoride release from Enamel pro
and Clinpro XT and also assess their effect on
demineralized tooth structure.
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