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ABSTRACT

Purpose: To assess the impact of fluoridated dental products (Toothpaste, mouth rinse, and fluoride
varnish) on bleached tooth enamel's surface roughness (SR) and surface morphology when used before,
after, or before and after the tooth bleaching process. Methods: A total of (64) bovine permanent incisors
were prepared and divided into two main groups: Group (A) was treated before and after the bleaching.
Group (B) was treated after bleaching only. The bleaching process used an Opalescence boost of 40%
hydrogen peroxide. Each main group was divided into (4) subgroups: (A1, B1) Control, (A2, B2) treated
with FluorKIN mouthrinse, (A3, B3) treated with FluorKIN toothpaste, (A4, B4) treated with Proshield
FV. A profilometer was used to evaluate surface roughness. Also, to assess the morphological changes
in the enamel surface, another (14) teeth samples were viewed under the SEM. Results: There was a
statistically significant increase in SR after bleaching and a decrease in SR after treatment, and there
was no statistically significant difference between the group receiving bleaching only and the group
receiving preventive protocol before bleaching, confirmed by SEM analysis. The slightest increase in
surface roughness was found in the fluoride varnish group, followed by the FluorKIN toothpaste group,
then the FluorKIN mouthrinse group. Conclusion: According to the surface roughness means results in
the present study, Surface roughness increased very little in the fluoride varnish group, followed by the
toothpaste group and mouthrinse group, respectively.

Keywords: Bleaching, Fluoride, Roughness, Morphology.

INTRODUCTION

Healthy, white, clean teeth can help enhance life,
increase self-confidence, and decrease complaints.
This depends on two factors; maintaining oral
health through various methods, like tooth-
brushing and flossing, and using cosmetic
treatments to whiten teeth.! Both intrinsic and
extrinsic stains are possible. Stains intrinsic to the
tooth might be detected in the dentin underneath
the enamel or in the enamel itself. Tetracycline
incorporation, a range of metabolic illnesses, high
fluoride intake during tooth growth (fluorosis),
and other systemic and metabolic variables are all
potential causes.?

The safest and most efficient technique to whiten
teeth is tooth bleaching. Today's procedures for
whitening teeth at home use trays and have low
amounts of carbamide or hydrogen peroxide.
In contrast, dental professionals put high
concentrations of carbamide peroxide or hydrogen
peroxide during in-office bleaching methods.’
Despite the positive color change, peroxide-based
whitening has been linked to adverse side effects,
including demineralization, erosion, and tooth
sensitivity.*

A decrease in microhardness and increased surface
roughness values was observed as an adverse
effect following the bleaching application.® The
bleached enamel surface is susceptible to stains or
discoloration from dark or colored fluids such as
tea, coffee, juices, wines, and cola-based soft drinks.
While some acidic solutions contain ethanol and/
or pigments, others contain substances that may
accelerate demineralization. Additionally, frequent

use of tobacco products, artificial food colorings,
and certain beverages are thought to be the
primary causes of teeth discoloration, staining, and
darkening.” Increasing enamel surface roughness
promotes S. mutans adhesion to tooth enamel.® For
these reasons, following bleaching, the damaged
enamel surface needs to be restored.

The bleaching techniques erosive effects utilizing
sodium fluoride-based (NaF) materials have been
studied using various strategies.* Due to fluoride
stimulation fluoride and calcium deposition on
enamel surfaces, it was the first and most widely
utilized substance in after-bleaching treatment.’
Treatment with fluoride may lessen the harmful
effects of bleaching agents. Calcium fluoride is
created through the incorporation of fluoride ions
into demineralized regions. Fluoride ions can
also replace the enamel’s apatite hydroxyl groups,
producing fluorapatite as a result.” This significantly
lowers mineral loss and restores microhardness'
and roughness."!

The objectives of the following study are to assess the
impact of fluoridated dental products (toothpaste,
mouth rinse, and fluoride varnish) on bleached tooth
enamel's surface roughness and surface morphology
when used before, after, or before and after the tooth
bleaching process.

MATERIALS AND METHODS

Teeth Samples Collection: Bovine incisors recently
extracted were selected and donated from the
slaughterhouses of Kirkuk governorate. The teeth
were cleansed, rinsed with tap water, and then kept
in a solution containing 0.1% thymol (Switzerland)
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at 4°C until use.”*® Among all the collected teeth, only Sixty-four
were selected for roughness analysis, and an additional fourteen were
selected for SEM analysis.

Teeth Samples Preparation: The roots were removed using a straight
Diamond sectioning disc bur with a low-speed engine and continuous
water cooling to prevent enamel damage after that, the teeth were
carefully cleaned and polished using non-fluoridated pumice
(Argentina)." Following that, the teeth crowns were embedded in
blocks of auto-polymerized cold-cure acrylic resin (Acrosun, Betadent
com. Iran).”” Using 15 mm high cylindrical plastic tubes with flat,
parallel upper and lower borders, the outer labial surface of the
teeth is pointed upward. Each tooth's labial surface was ground and
polished ten times in one direction with grit paper (grit 400, 600)
(Saudi Arabia company) to create a flat and uniform enamel surface
specimen for surface roughness testing.!* Every sample was sanded
using the same technique with new carbide silicon abrasive paper."
The samples spent ten minutes in an ultrasonic machine to remove
residues.' By measuring the distance between the incisal edge and the
cementoenamel junction, and the mesiodistal dimension, the middle
third of the labial surface of the crown was marked using a caliper.
On the labial surface of the samples, a (10x7 mm?) adhesive tape was
applied in the middle of the crowns. The crowns were painted with
acid-resistant nail polish; after the samples had dried, the tapes were
removed to reveal the enamel surface.”®

Bleaching procedure: All bleaching procedures were done using
Opalescence Boost, Ultradent, USA (40% Hydrogen peroxide) per the
manufacturer's instruction—application of bleaching gel while taking
into account the manufacturer's maximum recommended duration (3
x 20 minutes). The two syringes of bleaching material come together;
one syringe contains 3% potassium nitrate and 1.1% sodium fluoride
with a chemical activator, and the second contains hydrogen peroxide.
Mixing materials was done by pressing the plunger of one syringe to
push all content into the other; this was repeated 50 times to ensure
good mixing. The concentration of HP after mixing is 40%.

A thin layer (0.5 -1 mm) of HP gel was applied to the enamel surface
and left for 20 minutes with periodically checking and re-applying
areas that had been thinned or needed replenishing; then this layer was
washed with water and lightly air-dried; this procedure was repeated
two additional times. The total period of the bleaching procedure was
1 hour.

Treatment Cycle: A total of (64) bovine permanent incisors were
prepared and divided into two main groups: Group (A) was treated
before and after bleaching. Group (B) was treated after bleaching only.
Each main group was divided into (4) subgroups: (Al, B1) Control,
(A2, B2) treated with FluorKIN mouthrinse, (A3, B3) treated with
FluorKIN toothpaste, (A4, B4) treated with Proshield FV.

Subgroup 1 (Control group): Samples were immersed in distilled water
with daily refreshment of solution during the experiment.

Subgroup 2 (Fluor KIN mouthwash): Samples were immersed in 10 ml
of 0.05% NaF mouthwash (Fluor KIN mouthwash) for five minutes
every 12 hours (twice a day), then without rinsing, samples were
immersed in deionized water."”

Subgroup 3 (Fluor KIN toothpaste): Specimens were treated with
Fluor KIN toothpaste every 12 hours for five minutes, then the paste
was wiped with soft cotton without rinsing, followed by immersing
specimens in deionized water.'”!*

Subgroup 4 (Proshield varnish): Using a micro brush, the varnish was
applied thinly, and the specimens were kept in deionized water. After
six hours, the varnishes were delicately removed with a scalpel blade,
being careful not to touch the enamel surface.”
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All samples were rinsed with deionized water for a minute while not
scratching the surfaces before beginning the treatment and bleaching
cycle. !

Surface Roughness Test: Using a surface roughness tester (KR220,
HFBTE, China), operating with the specimen surface in contact with
the stylus, the surface roughness of the enamel surface of the samples
was examined. Three distinct profilometric traces were taken on the
enamel surface of each specimen, and the results were used to calculate
the arithmetic mean deviation of the surface profile or Ra.”” Each
specimen's average Ra values were calculated using the following
parameters: a 4-m diamond stylus, a 90° reading angle, a 0.25 mm
cutoff length, and a 1.25 mm trace length.

The surface roughness test for group (A) was done at baseline, after
initial treatment, after bleaching, and after final treatment. At the same
time, surface roughness tests for group (B) were done at baseline, after
bleaching, and after treatment.

Scanning Electron Microscopy Images (SEM): A scanning electron
microscope (FEI, Inspect F50, The Netherlands) examined the enamel's
surface morphology.

SEM Samples Preparation: A total of (14) whole bovine incisors were
carefully selected for SEM analysis. Bovine incisors enamel blocks (5x5
mm) were obtained by sectioning the crown with a straight diamond
sectioning disc using a low-speed dental engine with copious water
irrigation for cooling to prevent damage to the enamel structure. The
enamel blocks of the teeth were held in place by rubber rings that were 8
mm in height and filled with auto-polymerized cold-cure acrylic resin.
The rubber rings on the blocks were removed to make them smaller so
they could fit into the SEM holder. With unflavored, non-fluoridated
pumice, the samples were cleaned and polished.

Observation with Scanning Electron Microscope: The samples were
mounted on the SEM holder with their treated surfaces facing up for
SEM observation using a removable adhesive. Using a sputter coater
in a vacuum, a gold-palladium layer was applied to each sample, and
it was then adjusted so that it could be observed with an SEM at an
accelerating voltage of 8 kV. Photomicrographs were taken and
digitally archived after the morphology of the enamel surfaces of the
teeth was examined.

RESULTS

The initial step was to ascertain whether the data were normally
distributed before running any tests. This was accomplished using the
Kolmogorov-Smirnova and Shapiro-Wilk tests; parametric tests and
one-way ANOVA were selected due to the normally distributed nature
of the data.

Group (A) Roughness Results: The SR of the teeth between the
groups receiving various remineralizing treatments of group (A). The
results showed no statistically significant difference in the groups' SR
at baseline and after the first treatment values. After bleaching, the
highest SR mean value was found in the control group, which was no
statistically significant difference from the mouthrinse group and no
statistically significant difference between mouthrinse and toothpaste
and FV groups. After the final treatment, no statistically significant
difference between toothpaste and FV groups showed the lower SR
mean and statistically significantly different to mouthrinse and control
groups (Table 1).

Group (B) Roughness Results: SR of the teeth between the groups
receiving various remineralizing treatments of the group (B). The
results showed no statistically significant difference in baseline
and after-bleaching values among the groups. After treatment, the
toothpaste group was statistically non-significant different from the FV
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Table 1. Means values, Standard deviation, and Duncan's Multiple Range tests of SR mean values of the variables between the subgroups of group (A).

Groups
Mean
Control N
Std. Deviation
Mean
Mouthrinse N
Std. Deviation
Mean
Toothpaste N
Std. Deviation
Mean
Varnish N
Std. Deviation
Mean
Total N
Std. Deviation

Baseline
0.3327 a
8
0.0358
0.3236 a
8
0.0813
0.3231 a
8
0.0314
0.3302 a
8

0.164
0.3274
32

0.09

First treatment
0.3477 a
8

0.0688
0.3046 a
8
0.1016
0.2943 a
8

0.0221
0.2867 a
8

0.0771
0.3083
32
0.0737

After bleaching

0.6655 a
8

0.0347
0.6151 ab
8

0.0412
0.6057 b
8

0.0578
0.6071 b
8
0.0702
0.6233
32
0.0561

Final treatment
0.6782 a
8

0.0838
0.5933 b
8

0.056
0.5022 ¢
8

0.0706
0.4940 ¢
8

0.0505
0.5669
32
0.0991

N: Number of the specimens, Std. Deviation: Standard Deviation. Small letters indicate statistically significant differences within the same column (Vertically).

Table 2. Means values, Standard deviation, and Duncan's Multiple Range tests of SR mean values of the variables between the subgroups of group (B).

Groups Baseline

Mean 0.3243 a
Control N 8

Std. Deviation 0.0328

Mean 0.3332a
Mouthrinse N 8

Std. Deviation 0.0312

Mean 0.3341 a
Toothpaste N 8

Std. Deviation 0.0584

Mean 0.3245a
Varnish N 8

Std. Deviation 0.0348

Mean 0.329
Total N 32

Std. Deviation 0.0391

After bleaching After treatment
0.6451 a 0.6502 a
8 8
0.0114 0.0138
0.6418 a 0.5676 b
8 8

0.0465 0.0776
0.6491 a 0.4776 ¢
8 8

0.0667 0.0551
0.6473 a 0.4542 ¢
8 8

0.1016 0.0793
0.6458 0.5374
32 32
0.0621 0.0987

N: Number of the specimens, Std. Deviation: Standard Deviation. Small letters indicate statistically significant differences within the same column (Vertically).

group, which showed the lowest mean values of SR, and was statistically
significantly different from the control group, which showed the
highest mean value of SR. The mouthrinse group differed statistically
significantly from the control, toothpaste, and FV groups (Table 2).

Surface roughness (SR) at baseline, after bleaching, and after treatment
protocols between A and B groups by independent sample T-test, and
the results showed that there were no statistically significant differences
p > 0.05 in each same subgroup at each stage of treatment (Table 3).

Scanning Electron Microscopy SEM: After applying different
treatment strategies, morphological changes in enamel were evaluated
using scanning electron microscopy (SEM).

DISCUSSION

Regarding both intrinsic and extrinsic aspects of tooth structure,
mineral loss and erosive damage brought on by bleaching agents
continue to be serious concerns.”? The bleaching effectiveness and the
intensity of adverse effects on the dental enamel may be affected by
the bleaching agent's concentration, application method, and exposure
duration.’

In the current study, the enamel's surface roughness significantly
increased following 3 x 20 min application of the bleaching product
(In-office Opalescence boost 40% hydrogen peroxide, 1.1% sodium

219

fluoride, 3% potassium nitrate, pH adjuster, thickener), as the
manufacturers recommend it. This result was in agreement with Bilge
and Kilic (2021) study that found the fluoride content of the bleaching
agent had no positive impact on the remineralization process.! A
study by Wijetunga et al. (2021), demonstrated that the bleaching
compounds with alkaline, neutral, and low pH could cause decreased
microhardness, increased surface roughness, and enamel surface
morphological alterations at different degrees with repeated bleaching
applications, and these results in agreement with the current study
since the bleaching agent PH used was neutral (7.0).2

Contrarily, numerous previous research discovered that even when
using a high concentration of hydrogen peroxide, there were no
appreciable changes in the surface roughness of enamel after the
application of hydrogen peroxide.?*** Another study by Ittatirut et al.
(2014), showed a marked reduction in the surface roughness of enamel
following bleaching compared to the control.*® However, findings from
previous studies agreed with those of the current research,>”? where
it was shown that the enamel surface had changed, and the surface
roughness had increased after 40% hydrogen peroxide bleaching.
The loss of interprismatic compounds and magnesium and sodium
ions may cause this increased roughness.” According to other similar
research, the micromorphological analysis of the bleached enamel
results in pronounced prism abnormalities with high Ra mean values.?

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024
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In the current study, the remineralization materials used were
commercially available oral health products that contain fluoride
in different forms and concentrations to evaluate their action in
preventing and treating increased surface roughness obtained after
bleaching.

For group (A), according to the current study, there was no difference
between the subgroups at baseline, after the first treatment, and after
bleaching. In addition, following ’s final treatment, there was a highly
significant difference between the subgroups at p<0.01, Table 1. For this
reason, at baseline, during the first treatment, and following bleaching,
all groups were distributed homogeneously, since the Duncan multiple
range analysis test revealed no significant difference between the
groups. In contrast, the groups were non-homogeneously distributed
after the final treatment. It was observed that fluoride varnish had
the minimum SR mean value followed by the toothpaste group and
mouthrinse group, respectively, and the deionized water control group
had the highest Ra mean value.

The mean surface roughness values in the fluoride groups in the
current investigation were lower than those in the control group
(deionized water). This is consistent with the findings of other studies
that demonstrated the ability of high fluoride concentration to protect
enamel from erosion. Fluoride's proven capacity to form calcium
fluoride has also been linked to the preventive effect that topical
application of the fluoride has shown. Although calcium fluoride
dissolves easily and slowly when exposed to acid, it does stop the
mineral loss from enamel by acting as a physical barrier on the enamel
surface.?>*

For group (B), according to the current study, there was no difference
between the subgroups at baseline and after bleaching. In addition,
after treatment, there was a statistically significant difference between
the groups at p<0.01, Table 2. So, all groups were distributed
homogeneously at baseline and after bleaching as there was no

significant difference between groups, as observed by the Duncan
multiple range analysis test for groups. By contrast, Duncan's multiple-
range analysis test for groups after treatment demonstrated that the
groups were non-homogeneously distributed. It was observed that
fluoride varnish had the lowest Ra mean value followed by toothpaste
and mouthrinse groups, respectively, and the deionized water control
group had the highest mean value.

Because fluoride supplements increase the amount of fluoride on the
enamel surface, previous studies have demonstrated the potential
preventive effects of fluoride against erosion. This event was most likely
caused by the development of materials that like CaF2 on the enamel
surface; it serves as a fluoride storage area and another mineral that
can partially act as a physical barrier to prevent acid from touching
the enamel below. Acid resistance results from the incorporation of
fluoride released from the reservoir onto the enamel's outer surface
through the formation of Fluorapatite crystals after an acid attack.”*

The present study showed minor with no significant reduction in the
roughness of intact enamel surface after remineralization with the
three concentrations of fluoride; these results may be due to the already
smooth enamel surface and high mineral content without porosities
that may minimize fluoride penetration and decrease remineralization.

The minor differences in surface roughness for the sound enamel
after applying different remineralizing agents could be associated with
variations in the structure of the enamel. Because of mineral deposits
in the oral environment, minor defects, pits, and Retzius grooves, the
enamel surface has a naturally rough appearance,® grinding the enamel
surfaces utilized in this study may have slightly increased the roughness,
as reported in the Salama et al. (2020), study, and only the middle third
of the buccal surface was used to have comparable zones from different
teeth with similar chemical and physical characteristics.® Additionally,
there are several ways in which the enamel structure affects the features
of the surface (hardness and roughness), including differences in the

Table 3. Independent sample T-test for corresponding subgroups in groups (A and B) for SR mean values within tested groups at baseline, after

bleaching, and after treatment.

N
A 8
Control ot
group B 8
A 8
Y Mouthrinse e
£ group B 8
3 roup A 8
/M Toothpaste S
group B 8
A 8
Varnish e
group B 8
A 8
Control e
. group B 8
i A 8
5 Mouthrinse grotp
g group B 8
S A 8
E Toothpaste G
£ group B 8
A 8
Varnish et
group B 8
A 8
Control e
- group B 8
=
15} roup A 8
g Mouthrinse S
S group B 8
=
= A 8
) Toothpaste e
‘i::‘ group B 8
A 8
Varnish SR
group B 8

Mean t-value Sig. SD
0.3328 0.487 0.634 0.0359
0.3244 0.487 0.634 0.03285
0.3236 -.312- 0.759 0.08137
0.3332 -.312- 0.762 0.03122
0.3231 -.469- 0.647 0.03141
0.3341 -.469- 0.649 0.05848
0.3303 0.172 0.866 0.16402
0.32 0.172 0.868 0.03811
0.6655 1.575 0.138 0.03476
0.6451 1.575 0.152 0.01143
0.6151 -1.217- 0.244 0.04126
0.6419 -1.217- 0.244 0.04651
0.6058 -1.389- 0.187 0.05783
0.6491 -1.389- 0.187 0.06676
0.6071 -1.145- 0.271 0.08151
0.6474 -1.145- 0.272 0.10168
0.6782 0.931 0.368 0.08384
0.6503 0.931 0.381 0.01385
0.5934 -.761- 0.461 0.05604
0.5676 -.761- 0.46 0.07765
0.5022 -777- 0.451 0.07069
0.4776 -777- 0.45 0.0551
0.494 -1.195- 0.255 0.05052
0.4542 -1.195- 0.252 0.07935

N: Number of the specimens, Std. Deviation: Standard Deviation. Std. Error Mean: Standard error mean.
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alignment of the enamel prisms and sheath. Moreover, the anisotropic
structure of enamel and the chemistry of the surface may contribute to
changes in the enamel surface roughness, which have an impact on the
qualities, such as a more mineralized outer surface (9%) than interior
enamel following the eruption.’® Furthermore, the mineral exchange
between the oral environment and the enamel surface is related to the
chemical changes in enamel may provide the effect.””

The surface roughness results showed a significant reduction in mean
surface roughness for both groups (A and B) after remineralization
with the three fluoride concentrations after bleaching, with some
differences. These results agreed with Attin et al. (2007)*® and Karlinsey
et al.(2011) studies®, they speculated that the fluoride uptake is higher
in demineralized enamel compared to sound tissue because the
increased erosion caused by bleaching treatment facilitates fluoride
penetration, and consequently re-hardening and decreasing the
surface roughness of enamel after bleaching.* The FV showed the most
decrease in enamel roughness in both groups (A and B). According to
some studies, the most effective remineralization agent is a 5% sodium
fluoride varnish which is in agreement with our findings.**** The
high fluoride concentration of sodium fluoride probably induced the
development of a calcium fluoride layer on the surface of the enamel.
Later, this layer might have allowed the diffusion of fluoride ions
diffusion and the bleached dental enamel remineralization.*®

Beyond all else, it is essential to remember that fluoride varnish differs
from toothpaste in terms of density, fluoride content, and application
technique. This implies that varnishes stay on the tooth surface more
consistently after application, providing better fluoride protection and
absorption.* SEM evaluation of the enamel surface was required for
further clarification of the surface roughness findings and was used by
many studies.'"?4

The original enamel surface was relatively flat, with smooth enamel
surface morphology with minimal porosity incidence seen where
the magnification used was 8000x and 15000x was used, as shown in
Figure 1. The samples displayed the typical regular enamel pattern,
smooth and relatively uniform, with perikymata expressing anatomical
horizontal growth lines of enamel without polishing with grit paper.
This result agrees with EIMoshy Abbas, who concluded that SEM
results showed that the sound enamel has a smooth surface with some
pits and scratches.*

The integrity of the enamel surfaces, however, was damaged to variable
degrees after the pH-cycling phase (40% H,0,) due to the disintegration
of the interprismatic structures and enamel prism cores, Figure 2.
Demineralized interprismatic structures connected with demineralized
enamel prism cores, create observable deep etched pits.”” Ergucu et al.
(2023), ** and Bilge and Kilic (2021)"* used SEM to examine the post-
bleaching surface roughness. They discovered an increase in surface

speci 150-+E1 Comparny —l2 X ETi vn —inspeci 50-EI Compan

Figure 1. SEM images of the untreated enamel surface (control tooth)
revealed a flat smooth enamel surface morphology, a small incidence
of porosities, and the lack of surface deposits and cracks (A: 8000x, B:
15000x).
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Figure 2. SEM images of the bleached enamel surface, Showed
morphological changes with varying degrees of structure loss, including
depressions, porosities, surface irregularities, and erosion changes with
depressed enamel prism cores (A: 5000x, B: 10000x).

Figure 3. SEM images (10000x) of the enamel surface treated with (A)
deionized water after bleaching (Control, BT1) displayed morphological
alterations with varied levels of loss of structure, including depressions,
porosities, and surface irregularities. (B, C, and D) were bleached with
hydrogen peroxide 40% and treated with Mouthrinse, Toothpaste, and
Fluoride varnish, respectively. The enamel surface of the specimens looks
smooth in the generated photos that are most similar to the control group.

roughness after bleaching with 40% hydrogen peroxide within the
same period of our study (3x20 minutes).

SEM images of the samples that were bleached with 40% HP and then
treated with mouthrinse, toothpaste, and fluoride varnish revealed a
smooth enamel surface with the absence of porosities, interprismatic
and intraprismatic dissolution when compared with a control sample
that bleached and then treated with DDW, Figure 3. These results came
in agreement with Bilge and Kilic (2021) study that used SEM analysis,
which showed that the bleaching effects on enamel structures could be
reversed by using a remineralizing agent, turning deeper and irregular
structures into shallow and more homogenous ones."" Additionally,
this was supported by declining Ra values from profilometric
measurements, which quantitatively show decreased surface roughness
following remineralization.

SEM images were produced for the samples treated with mouthrinse,
toothpaste, and fluoride varnish before the bleaching process to
assess the preventive effect of fluoridated products on enamel surface
morphology against the harmful impact of bleaching, Figure 4. These

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024
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Figure 4. SEM images (10000x) of the enamel surface treated with (A) deionized water before bleaching (Control, TB1) showed morphological changes
characterized by surface irregularities, porosities and depressions, with varying degrees of structural loss and erosion changes with depressed enamel
prism cores can be noted in the enamel surface. (B, C, and D) were treated with Mouthrinse, Toothpaste, and Fluoride varnish, respectively. Then bleached
with hydrogen peroxide 40%. Early stages of the honeycomb structure included slight prism core dissolution in the enamel surface. The primary structure
is asymmetrical, with a slight dissolution of the prism cores. A surface disorganization is caused by the absence of the interprismatic form of the enamel's
margins. Early stages of the honeycomb structure included slight prism core dissolution in the enamel surface due to demineralization. Also, we can see
some protected areas that remain intact and contain cracks.

et
D1

Figure 5. SEM images (10000x) of the enamel surface treated with (A) deionized water before and after bleaching (Control, TBT1) Showed morphological
changes characterized by porosities, depressions, and surface irregularities with varying degrees of structural loss and erosion changes with depressed
enamel prism cores can be noted in the enamel surface. (B, C, and D) were treated with Mouthrinse, Toothpaste, and Fluoride varnish, respectively, before
and after bleaching with hydrogen peroxide 40%. Demonstrated a less pronounced erosion pattern with slight depressions in the enamel surface. Enamel-
like crystal structure is shown. A homogeneous smoothed area between the interprismatic rods. Demonstrated a less pronounced erosion pattern with
slight depressions in the enamel surface. Showed a smoother surface with erosion changes with depressed enamel prism cores and some evidence of
irregularities.
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images showed that interprismatic and intraprismatic substances had
dissolved, creating micropores and a noticeable surface alteration
that included irregularities and depressions. The same results were
obtained compared to the sample treated with DDW before bleaching.
The current study results assume no preventive effect of fluoridated
mouthrinse, toothpaste, and varnish before in-office dental bleaching.
These results were confirmed by surface roughness results that showed
no statistically significant difference between group A and B results
after bleaching. According to the literature, no data were available
about the effect of fluoride when used before bleaching on the surface
morphology of enamel.

The SEM images for the samples have been treated with mouthrinse,
toothpaste, and fluoride varnish before and after in-office dental
bleaching showed a smoother surface with less distinct erosion
pattern and mild depressions in the enamel surface and slightly
filled interprisms cavities with a subsequent reduction of their depth
when compared to control sample -treated with DDW before and
after bleaching- that showed more distinct erosion pattern, more
depressions, and irregularities that indicate the effectiveness of these
three remineralizing agents on the morphology of enamel surface, as
showed in Figure 5.

The samples treated with fluoridated mouthrinse, toothpaste, and
FV after bleaching only showed smoother surfaces with less distinct
erosion patterns than those treated before and after bleaching. These
results are likely related to fluoride deposition on the enamel surface of
the samples treated before the bleaching process, which may prevent or
minimize further remineralization after bleaching.”® These results agree
with Attin et al. (2007),* and Karlinsey et al.(2011),% they speculated
that the fluoride uptake is higher in demineralized enamel than in sound
tissue because the increased erosion caused by bleaching treatment
facilitates fluoride penetration. Therefore, we assumed that the enamel
surface that had received preventive protocol before bleaching showed
more resistance to remineralization when treated after bleaching than
the group treated after bleaching only. These results agree with our
surface roughness findings as the means of surface roughness in group
(B) showed fewer values from surface roughness means in group (A)
after final treatment.

CONCLUSIONS

All three fluoridated oral health products used in the present study
were beneficial as remineralizing agents after bleaching compared
with the control group. But fluoride varnish was significantly better
than mouthrinse and toothpaste in decreasing the surface roughness
of enamel and treating the deleterious bleaching effect. The more
beneficial effect was obtained when used only after bleaching.
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