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ABSTRACT

Objectives: This study aimed to evaluate the effect of Er, Cr: YSGG LASER, fluoride varnish,
and their combination on treating white spot lesions before and after pH cycling.

Methods: A total number of fifteen freshly extracted intact human molars were used. The teeth
crowns were sectioned buccolingual and mesiodistal to form four quadrants resulting in 60 speci-
mens. They were divided into six groups of ten. I1: positive control (sound enamel), I2: negative
control (demineralized enamel), 13: Er, Cr: YSGG LASER, I4: fluoride varnish, I5: Er, Cr: YSGG
LASER followed by fluoride varnish, 16: fluoride varnish and then Er, Cr: YSGG LASER. Enamel
microhardness (SMH) was measured for all these six groups. All groups were subjected to a pH cy-
cling model for three days except the I1 group. Enamel SMH was measured again after pH cycling.

Results: The mean SMH values before pH cycling showed no statistically significant difference
between all the tested groups. After pH cycling, there was a statistically significant difference in
the mean SMH values p=0.001, where 12 showed the lowest statistically significantly mean SMH
values and I5 showed the highest. When comparing each tested group separately before and after
pH cycling the mean SMH values statistically significantly increased only in I3 and IS groups
where p=0.027 and 0.047 respectively.

Conclusion: The use of Er, Cr: YSGG LASER with the tested specifications followed by
fluoride application is an effective method for enhancing remineralization. pH cycling is necessary
to examine the effect of the different remineralization protocols.

KEYWORDS: Er Cr: YSGG LASER, surface microhardness, fluoride, remineralization, pH
cycling
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INTRODUCTION

The earliest sign of dental caries is demineral-
ization or the development of white spot lesions.
' These lesions appear chalky white as a result of
mineral loss and the microporosities that occured in
the enamel. Several studies have shown that these
white spot lesions can be arrested, rehardened, and
remineralized with fluoride, casein phosphopeptide-
amorphous calcium phosphate [CPP-ACP], sodium
calcium phosphosilicate, nano hydroxyapatite, ar-
ginine bicarbonate calcium carbonate complex, or
trimetacalcium phosphate. -2

In the last few years, LASER irradiation seemed
to be very promising through its positive effects
on increasing enamel acid resistance. *! Water and
hydroxyapatite in the tooth tissues notably absorb
high-power LASERs like CO, and Erbium LASER.
These LASERs change the enamel microcrystalline
thus
demineralization,

structure, increasing its resistance to

decreasing its permeability,
and acid solubility.!! The impact of fluoride on
reducing enamel demineralization or enhancing
remineralization can be demonstrated clearly in
vitro using pH cycling models that mimic clinical

situations.!

That’s why this study was carried out to evaluate
the effect of fluoride varnish, Er: chromium LASER,
and their combination on the remineralization
of enamel white spot lesions before and after pH
cycling.

MATERIALS AND METHODS

The material used:

i- Sodium fluoride clear varnish 5%, Dura Shield
SULTAN® health care (USA).

ii- Erbium, Chromium: Yttrium-Scandium-
Gallium-Garnet Waterlase® (Er, Cr: YSGG
waterlase) Millennium™ Biolase Technologies,
USA.
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iii- Demineralizing solution:'” NaH_ PO, (2.2 mM),
Lactic acid (0.05 M), CaCl, (2.2 mM), Fluoride
(0.2 ppm) and 50% NaOH was used as an acidic
buffer to lower the solution’s pH to 4.5.

iv- Remineralizing solution (Artificial saliva): '©
KCI (1798 mM), NaCl, (429 mM), Na,PO,
(3.90 mM), NaHCO, (3.27 mM), CaCl, (1.10
mM), H.SO, (0.50 mM), MgCl, (0.08 mM),
distilled water and the pH was adjusted to be
7.2.

Selection of Teeth:

Fifteen freshly extracted intact human third
mandibular molars were collected from patients
of 20 to 40 years old. The selected teeth were free
from caries, defects, or restorations. They were
cleaned using an ultrasonic scaler (Coxo, China)
to remove any debris of calculus, plaque, or any
attached periodontal tissue. They were kept in a
10% formalin solution for one week.”! They were
then stored in a physiological saline solution to be
used within one month after extraction.

Specimen preparation:

Each tooth was immersed vertically such that
its roots were embedded inside a plastic mold filled
with a recently mixed chemically activated acrylic
resin (Acrostone, Egypt). The crown of each tooth
was then sectioned mesiodistally and buccolingual
to form four equal quadrants. These sectioned
quadrants were then separated from the roots at
the CEJ. Then each quadrant was immersed into
another acrylic resin dough leaving the buccal or
lingual surface exposed. After curing the acrylic
resin, a vertical and a horizontal line were drawn
on the cured acrylic block bisecting the exposed
tooth surface into four equal quadrants. The point of
intersection between these two lines was considered
a reference point. Figure (1) shows the vertical and
horizontal lines that are drawn to bisect each acrylic
block. The width of each block was measured at this
reference point using a caliper (Healthco, Germany).
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Each block was given a number, and written on the
acrylic block. A diamond disc (Edenta Golden,
Switzerland) mounted in a straight handpiece was
used to remove 0.5 mm from each tooth specimen in
order to obtain a flat enamel surface. Then the width
of each block was remeasured at the same reference
point to make sure that only 0.5 mm was reduced
from the specimen surface.

Grouping of the Specimens:

Sixty (15 X4) specimens were obtained and
divided into six groups of ten. I1=Sound enamel
(positive control), I2= demineralized enamel
(negative control), 13= Er, Cr: YSGG LASER, [4=
fluoride varnish, I5= Er, Cr: YSGG LASER then
fluoride varnish, 16= fluoride varnish then Er, Cr:
YSGG LASER. After measuring the SMH of all
specimens, a pH cycling model was employed to all
groups except the positive control group (I1) .

Artificial caries formation:

A freshly prepared demineralizing solution
(50 ml) previously mentioned was used to create
artificial caries lesion. Before the application of any
material all specimens except the positive control
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group (I1) were immersed in this solution and left in
an incubator for 72 hours at 37°C.

Fluoride varnish application:

A thin layer of fluoridated varnish Dura Shield
5% sodium fluoride clear varnish (Dura Shield,
Sultan H C, USA) was applied with a micro brush to
the dried enamel surface and left for 4 minutes. This
fluoride varnish was applied alone in (I4) group,
after LASER application in (I5) group, and before
LASER application in (I6) group.

LASER application:

Er, Cr: YSGG LASER of photon wavelength
2.78 um and pulse set at 140 micro seconds was
used, The parameters were adjusted to emit a power
output of 0.75Watt, a frequency of 20 Hz, and 8.5
J/ cm? of energy for one minute. The handpiece’s
beam diameter at the focal point was 800 um and
positioned perpendicular to the enamel surface at one
mm away from it. A custom-made plastic assembly
was used to fix the handpiece in its position while
being used as shown in Figure (2). LASER was
applied alone in group I3, before fluoride varnish
in group I5, and after fluoride varnish in group I6.

Fig. (1) Vertical and horizontal lines were drawn bisecting each

acrylic block

Fig. (2) Custom made plastic assembly used to fix the LASER
hand piece
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Micro-hardness Testing:

Each specimen was leveled on a stage such that
the prepared tooth specimen would be placed exactly
parallel to the stage plane. Vicker’s micro-hardness
testing machine (Wilson digital microhardness tester,
China) was used. The SMH of the positive control
group was measured before any demineralization
was carried out. A digital optical microscope was
used to adjust the SMH indent on the flattest area of
the prepared enamel. A 50-gram load was applied
for 5 seconds. The length and depth of the rhomboid
indent were digitally measured and the micro-
hardness value was automatically calculated. Three
indentations were made and measured for each
specimen and their average values were considered
the SMH value of each specimen. SMH test was
carried out on all specimens before and after pH
cycling except the positive control group (I1).

Demineralization/remineralization cycle regimen

After measuring the SMH of all specimens,
they were exposed to a pH cycling model for five
days. Specimens were placed in 50 ml of
The
specimens were then washed for 10 seconds with

demineralized solution for three hours.
deionized water. This was followed by the placement
of the specimens in a remineralizing solution for 21
hours.
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Statistical Analysis:

Data were calculated as mean and standard
deviation (SD). The Kolmogorov-Smirnov and
Shapiro-Wilk tests were used to determine whether
the data were normal or not. Mean SMH values
showed a parametric distribution so One Way
ANOVA was used to study to compare between
the different tested groups. Tukey’s post hoc test
was used for pairwise comparison when ANOVA
was significant. The independent t-test was used
to detect the effect of pH cycling for the different
treatment models. The level of significance has been
set at P < 0.05. Statistical analysis was carried out
using IBM SPSS Statistics Version 24 for Windows
(SPSS Inc., IBM Corporation, NY, USA).

RESULTS

Statistical analysis of the mean SMH values of
the different treatment models before and after pH
cycling were shown in Table (1) and Figure (3).
The mean SMH values before pH cycling showed
no statistically significant difference between
all the tested groups. After pH cycling, there was
a statistically significant difference in the mean
SMH values p=0.001, where 12 showed the lowest
statistically significantly mean SMH values and
I5 showed the highest. When comparing each

tested group separately before and after pH cycling

TABLE (1) Mean SMH value of the different treatment models before and after pH cycling:

Treatments Group Mean SMH values (VHN) and  Mean SMH values (VI.-IN) p-value
name SD before pH cycling and SD after pH cycling

Control 11 108+24 11716 * 0.494 NS

Demineralized 12 91+6 97+10° 0.362 NS
LASER I3 90+12 108+7 = 0.027*

Fluoride 14 109+13 101£9 ® 0.332NS
LASER + fluoride I5 113+11 144423 # 0.043*

Fluoride +LASER 16 113£15 115.7+4 0.837 NS

p-value 0.077 0.001*
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the mean SMH values statistically significantly
increased only in I3 and IS groups where p= 0.027
and 0.047 respectively.
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Fig. (3): Bar chart representing the mean Micro-hardness
values (VHN) of the different treatment models before
and after pH cycling

DISCUSSION

Surface microhardness (SMH) offers a simple,
non-destructive, and a quick mean of assessing
demineralization and remineralization.®! It is also
suitable for structures like enamel that are non-
homogenous, with fine microstructure and brittle.
1t is well known that when the pH decreases to
the critical pH 5.5, hydroxy apatite dissolves while
fluorapatite starts to dissolve at pH 4.5. That’s why
when fluorapatite is precipitated at the enamel
surface it causes a decrease in demineralization.”!
The mineral redeposited differs from the lost one
because hydroxyapatite dissolves from the enamel’s
subsurface, whereas fluorapatite is deposited on the
surface layer. This mineral gain as fluorapatite has
been interpreted as a decrease in demineralization
rather than as remineralization process. Researchers
consider that the most important action of fluoride is
reducing enamel demineralization,''”’ whilst others
believe that fluoride accelerates the remineralization
process, which is the primary mechanism of caries

control '
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Several studies found that the optimal NaF
concentration to saturate the binding sites is
2.5%
demineralization."” That explains why 5% NaF

to provide maximal protection against

concentration was used in the present study. This
concentration of 50,000 ppm NaF (22,600 ppm
fluoride) in a resin varnish is required because
saliva washes the varnish and dissolves the fluoride
salts. These fluoride salts become deposited in the
fluoride reservoirs found in the dental plaque, and
soft tissues of the mouth. Subsequently, when pH
decreases these reservoirs re-release these fluoride
ions again to reach the teeth demineralized sites.!"*!

The enamel

demineralization or

influence of fluoride on

remineralization can be
clearly demonstrated in vitro utilizing pH cycling
models that reflect clinical situations of recurrent
demineralization or remineralization.”"’!  pH
cycling models entail subjecting the dental surfaces
to demineralization and remineralization cycles
in order to simulate the dynamics of mineral loss
and gain that occur during caries formation. This
information aided in the comprehension of the
caries process and the potential processes via which

fluoride prevents caries.!'*!

In the present study, there was no statistically
significant difference in the mean SMH values
between all groups before pH cycling, but after pH
cycling I5 group showed the statistically significant
highest mean SMH values when compared to
the other groups and 12 group which showed the
statistically significant lowest mean SMH values.
These results are in agreement with several
studies. 2 1-16]

This agrees with Alsharief et al., 2023""" who
examined untreated enamel after pH cycling using
polarized microscope and found loss of typical
subsurface enamel structure as well as a high level
of positive birefringence. Several studies confirmed
these results by scanning electron microscope
analysis which showed uneven enamel surface
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pitting, selective removal of the enamel rod core,
and selective removal of the rod perimeter while
the rod core remained mostly intact.'®: ! All these
lead to destruction of enamel prismatic pattern with
the development of initial enamel caries (white spot
lesion).l2012!]

There was no statistically significant difference
between 11, 13, 14, 16 groups after pH cycling.
This agrees with many studies who showed that
enamel treated with fluoride only; showed globular
precipitates all over the surface of the enamel, but
also few porosities and defects were observed by
polarized microscope images. 2

They also found that the surface treated
with LASER alone exhibited uneven enamel
crystals with numerous porosities and irregular
topography, as well as minimal amorphous surface
precipitation. *2! Apel et al., 2005** stated that fine
enamel cracks that occurs after LASER treatment
act as a starting point for acid attachment, which
may cause deep demineralization and reduce the
positive effect of enamel caries prevention.

That is why some studies??! %! explained that
LASER absorbs water from the hydroxyapatite
of dental tissues and decrease acid solubility, but
are not recommended to be used alone for caries
prevention. Karandish in 2014, found that when the
lased enamel was challenged with acid, the following
features were found; crater-like holes 1-20 ym in
diameter that exhibit positive birefringence and
reverse birefringence.*! These features increased
the roughness of the lased enamel facilitating
fluoride precipitation and adhesion.**!

The selected LASER type must be sufficiently
absorbed and transformed into heat without
endangering the soft or hard tissues of the mouth.
As a result, certain wavelengths were chosen to be
highly absorbed by hydroxyapatite and water in the
dental hard tissues. Ana et al., 2012 found that Er,
Cr: YSGG LASER of 8.5 J/cm? fluency was able

to reduce the loss of hardness when compared to
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the demineralized untreated group, this confirms
that higher temperatures are necessary to change
the chemical properties of enamel. This agrees with
the present study results where 12 group showed a
higher statistically significant mean SMH values
after pH cycling. This fluency was selected in
the present study which agrees with many other
studies 1! 121271 who recommended this LASER
fluency. On the other hand, Santos et al., 201412
found that Er, Cr: YSGG LASER of 8.9 J/cm?
fluency promoted morphological alterations on the
demineralized enamel surface, which precluded the
preventive action of fluoride varnish and allowed the
penetration of acid through the enamel subsurface.

Several studies agree that LASER therapy
combined with topical fluorides were found to be
more effective than LASER therapy alone.!"! [291430]:
B In group 16 fluoride was applied followed by
the application of LASER. Bahrololoomi et al.,
2015 ™ found microstructural changes in irradiated
dental hard tissue when LASER was applied after
the application of remineralizing agents. These
microstructural changes include re-crystallization
and melting of areas exposed to the emitted LASER
light. They suggested that these changes would
facilitate absorption of the remineralizing agent
into the demineralized sites in the tooth structure.
Nair et al., 2016 P found that pre-treatment with
topical fluoride before ER: YAG LASER had higher
remineralization effect than without LASER.
De Sant’Anna et al., 2009% proved that the
application of a photo-absorbing material to teeth
prior to LASER therapy increased remineralization
outcomes. Several studies used LASER irradiation
after fluoride application.**3-36 Tn the present study,
16 group showed a non-statistically significant
difference in the mean SMH values after pH cycling
when compared with the other groups which is
in agreement with Moslemi et al., 2009. %/ Ana
et al., 2012 found that when the enamel surface
was pretreated by LASER irradiation at 8.5 J/cm?2
followed by fluoride application it resulted in the
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formation of an adherent CaF, like material which is
more resistant to acid attack. The literature presents
conflicting results on whether LASER should be
applied before or after the fluoride varnish. Most
studies who applied the remineralizing agent before
LASER application did not compare it by the
opposite application.

According to several studies,’”- %! application
of LASER before fluoride application is done to
benefit from the thermal action of LASER which
change the enamel microstructure to better retain
fluoride and form a structure that is more resistant
to acid attack. Nammour et al., 200357 showed that
LASER irradiation created enamel micro spaces
increasing its microroughness and improving
fluoride diffusion through the enamel, leading to
fluoride reservoirs. Zamataro et al., 2013 and many
other studies 21113 proved that the morphology
of irradiated enamel is altered by Er, Cr: YSGG
LASER radiation, leading to an increase in the
hydroxyapatite rods’ exposition and roughness. This
agrees with our study where I5 group showed the
highest statistically significant mean SMH values
after pH cycling. This indicates that LASER created
a very retentive niches for fluoride that resisted

dissolution during cariogenic challenge.

CONCLUSION

The following conclusions were made within the
scope of this study:

1. NaF varnish (5%) is one of the remineralizing
agents that can arrest non cavitated enamel
white spot lesions in the presence of cariogenic
challenge.

2. The use of Er, Cr: YSGG LASER with the
tested
application is an effective method for enhancing

specifications followed by fluoride

remineralization.

3. pH cycling is mandatory to examine the effect of
the different remineralization protocols.

(895)

RECOMMENDATION

1. Further studies should evaluate the effect of
combining the different remineralizing agents
and LASER irradiation.

2. A clinical investigation is still required to
demonstrate the long-term effect of LASER on
demineralization.
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