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ABSTRACT

Objectives: the objective of the current study was to determine the effect of different methods
of vital tooth bleaching (power in- office, at-home and over the counter) on the resistance of enamel
to erosion. Material and methods: Square enamel sections (4 mm x 4 mm x 3 mm) were obtained
from the middle third of the crown of bovine teeth and then embedded in self-curing acrylic resin
blocks measuring (2 cm wide and 3 cm high). The samples were divided randomly into 4 groups
according to the method of bleaching used. Group 1(control group): where all specimens of the
group were placed in artificial saliva at 37° C during the study period. Group 2 (power in- office
bleaching): The gel was applied directly on the enamel surface of the specimens where the thickness
of the gel was about 1-2 mm, then the LED bleaching device was used. The lamp was located close
to enamel surface, then it was turned on for 15 minutes for total application time 45 minutes. Group
3 (Crest 3D White Luxe Supreme FlexFit White strips (over the counter) : the strips were applied
to the enamel surface for 30 min twice daily for 14 days according to manufacturer instructions.
Group 4 (At-home bleaching): bleaching gel was applied to the enamel surface. Teeth were placed
for 6 hours at 37°C daily for 8 days. Then, all the samples were subjected to erosive challenge where
the bleached samples and the samples of control group were immersed in 1% citric acid solution.
Mineral analysis via EDS was carried out before bleaching (base line), then of bleached enamel
and finally after erosive cycle. Two representative samples of each group after each step were
examined by scanning electron microscope. Results: There was a significant difference regarding
the percentage weight of (Ca%), (P%) and (Ca/P%) among the four tested groups. The difference
was not significant between group 1 and group 4 after erosion. Conclusions: 1-At-home beaching is
considered the least harmful to enamel compared to power in- office and over the counter bleaching
materials, and it is more resistant to erosive challenges. 2- Bleaching agents containing calcium
decrease the adverse effects of the bleaching procedure. 3-Bleached enamel is less resistant to
erosion especially when power in -office or over the counter protocol is used.
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INTRODUCTION

Aesthetics is very important to patients where
many individuals are more concerned about the
aesthetic and attractive look of the smile . This
led to noticeable clinician’s attentiveness of more
conservative and less-invasive treatments and
improvements of the modalities related to aesthetics
@, The colour of the tooth is determined by a
combination of the intrinsic colour and the extrinsic
stains that may be composed on the surface of the
tooth @, Intrinsic colour of the tooth depends upon
the dissemination of light and adsorption properties
of the enamel and dentine of the tooth, with the
properties of dentine playing the most important role
in formation of the general tooth colour . Extrinsic
stains of the tooth may possibly be a consequence of
inappropriate maintenance of cleaning of the teeth
and ignoring the oral hygiene ©. In addition; it may
be increased with smoking, food intake of tannin-
rich foods (e.g. red wine) or some beverages that
cause discoloration of the tooth.

The use of definite cationic agents as chlorhexi-
dine, or metal salts such as tin and iron can cause
discoloration ©. The colour of the teeth may be en-
hanced by the use of different modalities as pol-
ishing of the teeth with polishing paste to eliminate
the external tooth stains, scaling, macro-abrasions,
micro-abrasions of enamel, bleaching, and finally
crowns and veneers may be used ). Tooth bleaching
is considered the easiest and most cost effective pro-
cedure for treating discoloration and it is one of the
most common, safe and conservative approaches
for management of tooth discoloration .

At the commencement, tooth bleaching was
limited to non-vital discoloured teeth, where
bleaching was done using in-office techniques
based on the application of hydrogen peroxide and
sodium perborate, with or without heat®. Vital tooth
bleaching started to be used as a teeth whitening
method in 1989, as Heymann and Heywood
recommended the so-called night-guard vital tooth
bleaching .
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Bleaching is a decolourisation or whitening
process that can take place in solution or on a
surface. The colour producing materials are organic
compounds that have extensive conjugated chains
of alternating and irregular double or single bonds
and frequently comprise hetero atoms, carbonyl,
and phenyl rings in the conjugated system and are
usually known as a chromophore ”’. Breakdown of
the chromophore occurs via destruction of one or
more of the double bonds in the chain, hydrogen
peroxide oxidises a lot of organic and inorganic
compounds V.

In general, the mechanism of the whitening
effect of hydrogen peroxide is not very clear and
it may depend upon creation of an active oxygen
dependent on reaction conditions, such as pH, light,
temperature, and existence of transition metals
(2 Under alkaline conditions, hydrogen peroxide
usually expresses by the per-hydroxyl anion (HO2).
It is able under another condition to decompose to
free radical formation, for example, by homolytic
cleavage of either an O—H bond or the O-O bond in
hydrogen peroxide to give H_ + _OOH and 2_OH
(hydroxyl radical). In case of photo-chemically
initiated reactions whether via utilizing lasers
or light, the presence of hydroxyl radicals from
hydrogen peroxide was found to raise !?. After that,
initial transmission of peroxide into and through the
enamel occurs to reach the enamel dentine junction
and dentine. When peroxide passes into the tooth
structure, it is capable of reacting with coloured
organic materials present within the tooth structures
which leads to a diminution in colour V.

In - office and at-home tooth bleaching are
considered the main and popular professional
techniques®'®. In relation to at-home bleaching;
the patients use custom-made tray filled and packed
with bleaching material. The bleaching material
in use is usually carbamide peroxide (CP) with a
concentration of 5-35%". At-home bleaching using
carbamide peroxide is the recommended bleaching



EFFECT OF DIFFERENT METHODS OF VITAL TOOTH BLEACHING

method mostly due to its long-term successful
results ‘¥, On the other hand, some patients do
not feel comfortable during the manufacturing
of a custom-made tray and have some anxiety
concerning the time to fabricate the tray ¢. Others
do not like the technique of bleaching, since they
require to use the bleaching tray with bleaching
material for longer periods of time 7.

In-office bleaching usually uses somewhat high
levels of bleaching agents, for example 15-40%
hydrogen peroxide containing products, for shorter
time periods '®. The soft tissue protection previous
to bleaching agent application should be used.
Activation of peroxide by heat or light may be done
to increase the bleaching efficiency. Considerable
whitening can be obtained after only one treatment
appointment. However, many treatment visits for
best possible whitening effect may be necessary ®.

The advertising of over the counter (OTC)
whitening products for at-home tooth bleaching
resulted as a consequence of the attention obtained
via bleaching systems with trays associated with the
patients desires and requirements . OTC bleaching
products appeared in the USA in the beginning of
the 2000s, as an alternative to management of tooth
discoloration with less significant cost than methods
practiced-prescribed/guided products which were
performed under the supervision of a dentist ®”. The
spread of these OTC products of whitening in the
USA was in a definite way motivated by the Food
and Drug Administration (FDA) 9. In accordance
with the FDA, OTC products might reduce injustice
in the access to the health system, decreasing the
cost of treatments ?". Currently, many products like
gels, rinses, paint-on product formats, dentifrices,
gums, and whitening strips with low percentage
of carbamide or hydrogen peroxide are largely
available in the market ??.

The whitening strips are one of the hydrogen-
containing OTC whitening products. Whitening
strips were produced with a view to exclude utilizing
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trays Y. Adhesive whitening strips containing
bleaching agents are bonded to the labial surface
of the anterior teeth, and they liberate the active
component during a reasonably short time which
may range from 5 to 60 minutes. It is suggested
to be used once or twice per day. The active
component is hydrogen peroxide (HP) in somewhat
less concentrations (5 to 14%). It is possible that the
whitening effect of the OTC whitening strips may
remain for a period extended to 2 years Y. Because
of the simple way of use, somewhat little cost and
relatively fine aesthetic outcomes, the utilization of
whitening strips has become an ever more accepted
option of treatment . As bleaching of discoloured
teeth is considered one of the most common dental
practices, it was necessary to study the biologic
adverse effects of hydrogen peroxide (26). When
it is used appropriately, peroxide-based whitening
agent becomes effective and biologically safe. The
most frequent side effects are gingival irritation and
tooth sensitivity. These side effects are generally
mild to moderate and temporary @7, The effect of
bleaching procedure and products on the tooth hard
tissues are controversial. Some researchers showed
that there was no adverse effects on the mechanical
properties of hard tissues after bleaching procedure
2830 whereas other studies showed that different
concentrations of bleaching material decreased
enamel micro-hardness and increased surface
roughness post-bleaching ©*?*¥. Micro-hardness
and surface roughness indirectly reflect the loss
of minerals as a result of bleaching. Detection of
mineral level in enamel can be measured using
energy-dispersive  X-ray spectrometry (EDS,
EDX, EDXS or XEDS) which is an analytical
technique used for the elemental analysis or
chemical characterization of a sample. It relies on
an interaction of some source of X-ray excitation
with a sample ¢

Dental erosion is defined as loss of the tooth
tissue irreversibly by endogenous or exogenous
acids with no bacterial participation associated with
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a progressive softening of the superficial and near-
surface layer of enamel ©”-©®. The enamel surface
is affected by erosive challenges, which result from
the action of acidic substances found in drinks and
food available for individuals consumption ©%.

The dentists must recognize accurately all the in-
formation concerning the bleaching products, either
for in- office professional use or for self-application
by the patient, and have to be capable to advise their
patients adequately. Even though the enamel chang-
es resulted from erosion by acid solutions and effect
of bleaching procedure on enamel surface have been
usually investigated, few studies have analyzed the
effect of erosion on tooth surfaces that have been
bleached. In addition, there are many changes that
may occur on the enamel surface after bleaching
and decrease its resistance to intraoral challenges
like erosion. So, the objective of the current study
was to determine the effect of different methods
of vital tooth bleaching (power in- office, at-home
and over the counter) on the resistance of enamel
to erosion and conclude whether bleached enamel
is more vulnerable to erosion, when compared with
non-bleached enamel surface.

MATERIAL AND METHODS

Freshly extracted bovine incisors were used in
the current study. The teeth were sound and free
from any developmental defects. They were stored
in 0.1% Thymol solution after debridement. Then,

Table 1: materials used in the study:
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they were placed in artificial saliva for 24 hours
at 37°C prior to initiating the experiment. Square
enamel sections (4 mm x 4 mm x 3 mm) were
obtained from the middle third of the crown and
then embedded in self-curing acrylic resin blocks
(Acrostone-cold cure, Egypt) measuring (2 cm wide
and 3 cm high) “” . The surface was ground using
a silicone carbide paper. The sequence started at
P400 and successively increased to P1200 under a
constant flow of water.

The samples were divided randomly into 4 groups
according to the method of bleaching used. The
materials used in the study and their composition
are summarized in table 1.

The number of specimens was 36 per group;
where 30 samples were used for energy-dispersive
X-ray spectrometry (EDS) analysis and 6 samples
were used as representative specimens for scanning
electron microscope examination after each
experimental step. The distribution of groups was

as follow:

Group 1: control group All specimens of the
control group were placed in artificial saliva at
37° C during the study period to simulate the oral
condition.

Group 2: (power in- office bleaching) The
gel was applied directly on the enamel surface of
the specimens where the thickness of the gel was
about 1-2 mm. The LED bleaching device (BT Cool
Plus, Taiwan) with a wavelength of 430-490 nm

Material Composition Manufacturer
. L WHITE smile GmbH
. . .. 32% hydrogen peroxide, Aqua, Silica, Glycerol, |
WHITE smile. Light Whitening AC . . Birkenau
Organic amines,Poly-glycols, and chlorophyll.
Germany

Crest 3D White Luxe
FlexFit Whitestrips (OTC)
Sodium saccharin.

5.3-5.6% hydrogen peroxide, PVP, PEG-8,water,
Supreme | glycerin, carbomer 956, sodium hydroxide ,|Crest, Procter & Gamble
Acryates Co-polymer and

USA

Opalescence 15%;
and fluoride.

whitening gel

take-home | A 15% carbamide peroxide gel, potassium nitrate | Ultradent

Products South

Jordan, UT, USA)

Inc.,
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and irradiance of 350 mW/cm? was used. The lamp
was located close to enamel surface, then it was
turned on for 15 minutes. This process was repeated
three times and each time the bleaching gel was
refreshed with a new one for a total application time
45 minutes. The gel was gently removed and then
washed for about 1 minute with warm water.

Group 3: (Crest 3D White Luxe Supreme
FlexFit Whitestrips (over the counter): The strips
were applied to the enamel surface for 30 minutes
twice daily for 14 days according to manufacturer
instructions (41).

Group 4: (At-home bleaching): Bleaching
gel was applied to the enamel surface. Teeth were
placed for 6 hours at 37°C in a day according to the
manufacturer’s directions for 8 days (42).

After the bleaching process, the teeth were
thoroughly rinsed under tap water and stored in
artificial saliva {Nacl 0.381(g) Kel 1.114(g) ,Cacl,
0.231(g) ,KH,po, 0.738(g) ,NaN, 2.2(g) ,Gastro
Mucin 2.2(g)and Deionized Water 1000(g)}(43).

Then, all the samples were subjected to erosive
challenge. The bleached specimens and the
specimens of control group were immersed in a
solution of 1% citric acid where pH was equal to
3.6, under agitation, for a period of 5 minutes. After
the erosion protocol, the specimens were stored in
artificial saliva for 120 minutes. This succession was
carried out twice per day for 3 successive days, with
a total of 30 minutes of exposure to acid solution.
The specimens were reserved in artificial saliva
solution for 12 hours after each erosive protocol
(40, 44). Mineral analysis via EDS was carried
out before bleaching (base line), then of bleached
enamel and finally after erosive cycle.

The EDS point analysis (JEOL, JSM-65LV
scanning electron microscope, Tokyo Japan) figure
(1a) was performed on the enamel surface to find
out the elemental levels (wt%) of Ca, and P and the
proportion between Ca and P was determined. For
each sample, five points were randomly selected for
measurement (300 Im2for each point), and after that

(497)

mean values were considered (45).

For analysis by scanning electron microscopy
(SEM) (JEOL, JSM-65LV scanning electron
microscope, Tokyo Japan), two representative
samples of each group at each experimental step
(initial, after bleaching and finally after erosion)
were randomly selected and subjected to vacuum in
a sputter coater (SPI-MOUDULE-Sputter Coater,
West Chester, USA) figure (1b) to deposit a thin layer
of gold, equivalent to 10_6 mm, to raise the enamel
surface reflectance. Then images of representative
areas of the sample were recorded (35).

The obtained data of Ca and P levels (wt%)
concentration and the proportion between Ca and
P were statistically analyzed using SPSS version
20 including ANOVA, paired test and Tukey's test;
where the level of significance ( P <0.001 ).

RESULTS:

The value of the percentage weight of calcium
(Ca%) is presented in table (2). As shown in the
table, there was no significant difference amongst
the four tested groups regarding the weight of
(Ca %) value at base line (initial) measurements.
The difference was significant after the bleaching
procedure and after erosive cycle among the four
tested groups where p<0.001. The lowest percentage
weight of calcium (Ca %) values were recorded in
group 2 (power in - office bleaching) either after
bleaching or after erosive cycle in relation to other
groups followed by group 3(Crest 3D White Luxe
Supreme FlexFit Whitestrips (OTC), then group
2 (Opalescence 15%; take-home whitening gel).
Group 2 recorded the lowest percentage of calcium
loss either after bleaching or after erosion compared
with the groups land 2.

Concerning statistical analysis of percentage
weight of calcium (Ca %) for each group, using
Paired test, in relation to control group there was
no significant difference between the percentage
weight of calcium (Ca%) level of initial value and
the value at the second experimental step where
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there was no treatment (no bleaching). On the other
hand, there was a reduction in percentage weight
of calcium (Ca %) level after erosion with no
significant difference compared to initial records.

With regard to group 2 and group 3, there was
a significant difference of percentage weight of
calcium (Ca %) level when comparison was carried
out between initial and after bleaching, between
bleached enamel and after erosion and between
initial and after erosion.

Concerning group 4, there was significant
difference when comparing initial measurements
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of percentage weight of calcium (Ca %) and after
bleaching and between the initial measurements and
that after erosion.

On the other hand, the difference was not
significant between percentage weight of calcium
(Ca %) of bleached specimens and the eroded ones.

The difference of (Ca %) concentration
concerning group 4 was not significant when
comparing initial measurement and after bleaching,
and there was a reduction in (Ca %) concentration
after bleaching and after erosion. On the other
hand, the difference between value of (Ca %)

TABLE (2) Comparison of percentage weight of calcium (Ca %) for Energy-Dispersive X-ray Spectrometry

(EDS) analysis of enamel surface.

Groups ANOVA
Ca% Power Over the Home
Control (In-Office) Counter bleachin F P-value
Bleaching Bleaching g
Ranse 65.34 65.34 65.34 65.34
Initial g - 6555 - 6555 -65.55 -65.55
0.000 1.000
element % Mean 5D 65.510 65.510 65.510 65.510
= +0.038 +0.038 +0.038 +0.038
Range 65.34 38.36 53.1 60.84
Element % g -65.55 40.75 5343 -60.98
after 65.510 39.174 53.194 60917 26615612 <0.001*
bleachin : : : .
& | MeansSD | ) 3g +0.768 +0.069 +0.059
Rance 60.22 28.34 37.82 53.1
Element % g -62.65 -29.76 -37.98 5343
after 61.737 29.594 37.863 53.194 36053619 <0001
erosion : : : :
Mean 5D +0.793 +0.257 +0.058 +0.069
Differences 0.000 26.336 12.315 4593
I-AB +0.000 +0.786 +0.082 +0.055
Paired Test 1.000 <0.001* <0.001* <0.001*
Differences 3.773 35916 27.646 12.315
I-AE +0.802 +0.255 +0.078 +0.082
Paired Test 0314 <0.001* <0.001* <0.001%*
Differences 3.773 9.580 15.331 7723
AB-AE +0.802 +0810 +0.090 +0.084
Paired Test 0.314 <0.001* <0.001* 0.067

*: significant, I :initial element % measurement ,AB: after bleaching element % measurement, AE : after erosion element

% s measurement.
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concentration at initial measurement and after
erosion was significant.

Table (3) shows the percentage weight of
phosphorus (P %) of the four tested groups at
different experimental steps. There was a reduction
in (P %) values after bleaching and after erosion.
The difference among the tested groups was
significant. The comparison of percentage weight
of phosphorus (P %) levels for each group was the
same as the result of percentage weight of calcium
(Ca %) as well as the results of (Ca/P) ratio, as
shown in table (4).
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test (table 5), which

compared each two groups separately for percentage

According to Tukeys

weight of calcium (Ca %), percentage weight
of phosphorus (P %), and percentage weight of
calcium/phosphorus (Ca /P), there was a significant
difference between groupl and group 2, group 2
and group 3, group land group 3, group 2 and 4
and finally between group 3 and group 4 either after
bleaching or after erosion. Taking into account that
there was no bleaching procedure in the control
group, the difference between group 1 and group

4 was significant after bleaching (where there was

TABLE (3) Comparison of percentage weight of phosphorus (P %) for Energy-Dispersive X-ray Spectrometry

(EDS) analysis of enamel surface.

Groups ANOVA
P % Power (In-Office) | Over the Counter Home
Control . . . F P-value
Bleaching Bleaching bleaching
33.18 33.18 33.18 33.18
Range
Initial -34.11 -34.11 -34.11 -34.11
0.000 1.000
element % 33.673 33.673 33.673 33.673
Mean =SD
+0.123 +0.123 +0.123 +0.123
33.18 20.1 25.24 31.1
Element % Range
after -34.11 -20.45 -262 -31.13
. 47475357 | <0.001*
bleaching 33.673 20.257 25.707 31.106
Mean =SD
+0.123 +0.090 +0.258 +0.011
R 30.44 16.22 19.12 2524
ange
Element % & -30.89 1654 21954 2262
after 37672.674 | <0.001%*
erosion Mean +SD 30.810 16.354 19.340 25.707
+0.133 +0.135 +0.177 +0.258
. 0.000 13416 7.966 2.566
Differences
I-AB +0.000 +0.125 +0.301 +0.124
Paired Test 1.000 <0.001%* <0.001%* <0.001%*
. 2.863 17.319 14333 7.966
Differences
I-AE +0.215 +0.190 +0.223 +0.301
Paired Test | <0.001%* <0.001%* <0.001%* <0.001%*
. 2.863 3.903 6.367 5.399
Differences
AB-AE +0.215 +0.128 +0.280 +0.256
Paired Test | <0.001* <0.001* <0.001%* 0.865
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no bleaching in control group) but there was no
significant difference between the two groups after
erosive cycle. Figure (2) shows scanning electron
microscope photomicrographs of group 1 before
and after erosion since no bleaching procedure was
carried out. Figures (3, 4 and 5) show scanning
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electron microscope photomicrographs of groups
2, 3 and 4 after bleaching and after erosion. Figure
(6) shows EDS of group 1 before and after erosion
where figures (7, 8 and 9) show EDS analysis of

groups 2, 3 and 4 after bleaching and after erosion.

TABLE (4) Comparison of (Ca/P %) for Energy-Dispersive X-ray Spectrometry (EDS) analysis of enamel

surface.
Groups ANOVA
Ca/P Control Power (In-Office) | Over the Counter Home F P-value
Bleaching Bleaching bleaching
Range 1.92 1.92 1.92 1.92
Initial -1.97 -1.97 -197 -197 0.000 1000
element % Mean +SD 1.949 1.949 1.949 1.949
+0.007 +0.007 +0.007 +0.007
1.92 1.88 2.03 1.95
Element % Range -197 203 2211 2196
after 217.537 <0.001*
bleaching Mean +SD 1.949 1.935 2.071 1.958
+0.007 +0.041 +0.021 +0.004
1.96 1.75 1.94 2.03
Element % Range 203 -1.83 -1.99 2.1
after 914.263 <0.001*
erosion Mean +SD 2.005 1.810 1.959 2.071
+0.022 +0.019 +0.018 +0.021
Differences 0.000 0.014 -0.122 -0.010
1I-AB +0.000 +0.039 +0.023 +0.008
Paired Test 1.000 0.064 <0.001* <0.001*
Differences -0.056 0.139 -0.010 -0.122
I-AE +0.024 +0.021 +0.019 +0.023
Paired Test | <0.001* <0.001* 0.007* <0.001*
Differences -0.056 0.125 0.112 -0.112
AB-AE +0.024 +0.043 +0.024 +0.020
Paired Test | <0.001* <0.001* <0.001* 0.784

TABLE 5: Comparison of each two groups separately for (Ca %), phosphorus (P %) and (Ca /P %).

TUKEY’S Test
1&2 1&3 1&4 2&3 2&4 3&4

Element % after bleaching Ca% <0.001* | <0.001* <0.001* <0.001* | <0.001* | <0.001*
Element % after erosion Ca% <0.001* | <0.001* 0.108 <0.001* | <0.001* | <0.001*
Element % after bleaching P % <0.001* | <0.001* <0.001* <0.001* | <0.001* | <0.001*
Element % after erosion P % <0.001* | <0.001* 0.105 <0.001* | <0.001* | <0.001*
Element % after bleaching Ca/P <0.001* | <0.001* <0.001* <0.001* 0.001* <0.001*
Element % after erosion Ca/P <0.001* | <0.001* 0.374 <0.001* | <0.001* | <0.001*
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Fig. (1) Scanning Electron Microscope with Energy—Dispersive X-Ray Spectrometry (a), and sputter coater (b).
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Fig. (2) Scanning electron microscope photomicrograph of group 1 (control group) before and after erosion (a and b) respectively.
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Fig. (3) Scanning electron microscope photomicrograph of group 2 (power in office) after bleaching and after erosion (a and b)
respectively.
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Fig. (4) Scanning electron microscope photomicrograph of group 3 (over the counter) after bleaching and after erosion (a and b)
respectively.
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Fig. (5) Scanning electron microscope photomicrograph of group 4 (at- home bleaching) after bleaching and after erosion (a and
b) respectively.
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Fig. (6) EDS analysis of group (1) before and after erosion (a and b) respectively.



EFFECT OF DIFFERENT METHODS OF VITAL TOOTH BLEACHING (503)

Spectrum 7
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Fig. (7) EDS analysis of group (2) after bleaching and after erosion (a and b) respectively.
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Fig. (8) EDS analysis of group (3) after bleaching and after erosion (a and b) respectively.
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Fig. (9) EDS analysis of group (4) after bleaching and after erosion (a and b) respectively.
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DISCUSSION

Enamel is considered the hardest biological
mineralized tissue, containing about 96% minerals,
3% water, and 1% organic matter by weight. The
main inorganic constituent of enamel is hydroxyl-
apatite which integrates numeral elements such as
(Na, K, Cl, F,Mg, Zn, Pb, Cu, Sn, and Al) “9,

In the current study, bovine teeth were used since
the physical and chemical morphology of enamel of
bovine teeth resembles that of human enamel 7,

Vital tooth bleaching protocols are considered
efficient, less invasive, non destructive, and safe
procedures for the management of teeth discoloration
@8 “Power bleaching” (in-office) and “at-home
bleaching” are considered the most commonly used
vital bleaching techniques. In addition, over the
counter products became prevalent and obtainable
in different forms “%-0.

One of the main side effect of bleaching
procedures is loss of mineral content of enamel
which is related to the release and liberation of
calcium and phosphorus ions as a consequence of
dissolution of hydroxyl-apatite crystals ©V. This
adverse effect may be attributed to the act of free
radicals resulting from the oxidation of the inorganic
and organic elements on teeth and the acidic pH of
the bleaching material applied >3,

The loss of minerals leads to a decrease of enamel
properties and its resistance to oral challenges such
as erosion ©¥. Erosive challenges carried out in
the study simulate the action of acid substances
present in beverages and food which are consumed
regularly. Numerous studies investigated and
analyzed the mineral loss resulting from bleaching
procedures via measurement of enamel surface
micro-hardness or roughness which are considered
indirect methods for detection of the mineral loss
of tooth structure ®*3”. On the other hand, one of
the most accurate methods is the measurement of
element concentration within enamel surface. In the
current study, the essential point was to determine the
effects of different vital bleaching methods and the
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effect of erosion on bleached enamel by analyzing
the mineral content via Energy —Dispersive X-
Ray Spectrometry (EDS) analysis method, and to
determine the morphology of enamel surface via
Scanning Electron Microscope examination ¢3¢0,

To distinguish between Ca and P loss as a
consequence of bleaching, the current study
included control groups. All the samples were
kept in artificial saliva during the study in order to
simulate physiological oral conditions as possible.

EDS analysis showed a decrease in Ca % and P
% values for all groups after the three methods of
bleaching. The results were coincident with many
other studies “>-31:52:60_Even though 1% citric acid
is not an ingredient of daily diet protocols; in vivo, it
is considered a well-known and established method
in erosion protocols in many studies #6263,

The percentage of loss of mineral content of
enamel surface was significantly different among
the tested groups. This result was different from
the conclusion of the study carried out by Mansouri
et al., 2017 where they found that, there was no
significant changes on the properties of sound enamel
after bleaching with 10% CP for 8 hours and 30 %
HP for 30 minutes Y. The findings of the current
study are also not compatible with other preceding
studies %, Some other studies have indicated that
adverse effects can occur after bleaching procedure
©7.%8) The dissimilar conclusions of the studies may
be due to many factors as the type of specimens,
media of storage, concentration of the bleaching
agents applied, methodologies used to determine
the bleaching effects, the time and duration of the
bleaching agent application.

The loss of mineral content of enamel which
appeared in the form of a decrease in percentage
weight of calcium (Ca %) and phosphorus (P %)
was markedly observed in power (in —office) group.
This effect is almost dependent on the concentration
of the bleaching agent (32% hydrogen peroxide) and
light activation that could exacerbate and aggravate
the enamel changes. The result came in agreement



EFFECT OF DIFFERENT METHODS OF VITAL TOOTH BLEACHING

with a previous study which analyzed the effect
of different light sources (LED, Diode Laser and
neodymium-doped yttrium aluminium garnet
Laser) on the micro-hardness of enamel submitted
to bleaching with 35% HP and observed a decrease
in the enamel micro-hardness in all groups of power
in office bleaching groups . On the other hand,
other studies revealed that light activation during in-
office bleaching did not produce significant changes
in the enamel compared to a non-light-activated
technique 7?. In the study carried out by Mondelli
et al., (2015) it was found that the light activation
did not present a significant influence on the micro-
hardness values which was indirectly related
to mineral loss, independent of light source ©.
Parreiras et al., in 2014, also reported insignificant
enamel changes comparing light activated and non
light activated bleaching protocols right after the
bleaching process. They also reported that, after one
week of storage in artificial saliva, all the specimen
micro-hardness values were comparable to their
initial values. The distinction in results may be
attributed to the difference of light source used in
the bleaching procedure 7.

Dionysopoulos et al., (2017) found that a slight
reduction in enamel surface micro-hardness and
changes in surface morphology may occur when
high-concentrated bleaching agents were used
for power in-office tooth bleaching and there was
acceleration in bleaching process. Dissimilarity in
results may be attributed to difference in source
of activation, where in the current study LED was
used whereas Er,Cr:YSGG laser was used in the
other study which advised the use of Er,Cr:YSGG
laser in-office tooth bleaching safely V.

A preceding study found that bleaching agents
with high-concentration damage enamel surface’.
On the other hand, the study also found that
enamel deterioration was reversible and could be
repaired by the using the remineralizing agents.
In this circumstance, fluoride is considered the
most popular and important material to support
mineral equilibrium, decreasing demineralization
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and activating remineralization. This leads to
formation of fluoro-hydroxy-apatite, which is
more resistant to solubility in acidic solutions than
hydroxyl-apatite. In the current study, there was
no use of remineralizing agents after bleaching
which explained the irreversible loss of mineral
of bleached enamel and decreased its resistance to
erosion especially in group 2 and group 3.

Another study reported that bleaching agents
containing sodium fluoride or calcium gluconate had
higher micro-hardness values than other bleaching
agents that did not contain these remineralizing
materials 7. According to those authors, calcium
gluconate in high-concentrated agents exhibited a
constructive effect on enamel surface. However,
the study described that the effects of calcium
gluconate were still on debate as this material was
irreconcilable with strong oxidizing agents. The
authors reported that free radicals released through
bleaching (free oxygen and per-hydroxyl) could
be inhibited by the calcium gluconate. Power (In-
Office) bleaching material used in our study did
not contain fluoride or calcium, where at -home
bleaching agent contained fluoride which may be
an explanation of the results we obtained where at-
home bleaching group showed the lowest mineral
loss and more resistance to erosion. In the current
study, despite that in home bleaching exhibited the
lowest mineral loss compared to the other tested
groups, the mineral loss happened and the difference
was significant in comparison to the initial values.
Results of other studies which are not consistent
with the results of our study have shown that there
was no significant changes in enamel surface post-
bleaching when using carbamide peroxide 7477,
In addition, De Geus et al., (2018) stated that at-
home bleaching with 10% Carbamide Peroxide
showed similar bleaching efficacy with lower risk
and intensity of tooth sensitivity in comparison with
more concentrated carbamide peroxide gels. Tooth
sensitivity reflects the changes and alteration that
occur in enamel resulting from bleaching ™. This
difference in results may be attributed to difference
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in concentration of bleaching material used where
our study used 15% carbamide peroxide where
other studies used 10 % carbamide peroxide. On
the other hand, others have reported structural
changes that occur with carbamide peroxide which
corresponds to the results of the current study. These
studies found that both 10% and 16% CP bleaching
gels reduced the mineral content and increased the
surface roughness of dental enamel, producing a
more irregular and porous surface. However, the
16% CP gel promoted the most intense alterations
on enamel, even after a single 8-hours application.
This finding matched with current results where the
concentration of carbamide peroxide was 15 %52,

Both over the counter whitening strips and at—
home bleaching showed mineral loss and surface
alteration compared to the control group. These
results are consistent with the study carried out
by Cordeiro et al., (2018) ®¥. In the current study,
mineral loss and surface alteration resulting
from bleaching with Crest 3D White strips were
significantly higher than that created after at-home
bleaching. These findings were in contrary to the
results obtained by the study carried out by Singh
et al., (2018), where they compared the micro-
hardness and surface roughness of the human natural
tooth after bleaching treatment with a professional
at-home bleaching and over-the counter (OTC)
bleaching agent®. The difference in results may be
attributed to the different way of measuring changes
in the enamel surface, where the measurement of Ca
% and P % loss may be more sensitive to measure
the degree of change in enamel surface and the
change in study methodology related to Crest 3D
White strips.

On the other hand, the results of
study came in coincidence with another study in

current

part where it was found that alteration of enamel
significantly was increased in the OTC group as
this study evaluated the effect of four whitening
modalities on enamel surface”. But the results were
different in another part, where the enamel surface
alteration in the current study created by over the
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counter strips was less than that created by power
in-office bleaching method. This may be attributed
to the difference in the in-office tooth bleaching
protocol used in the other study, which appeared
through more Ca and P loss.

In the step of erosion after bleaching, the Ca
% , P % and Ca/P %
lower in the power in-office beaching group

values were significantly

when compared with the other groups, followed
by the group bleached with Crest 3D White strips,
whereas the difference was not significant between
at-home bleaching group and control group. The
results came in agreement with previous studies, the
findings of the results related to this point indicated
that resistance of enamel to erosion was markedly
observed in control group followed by at-home
bleaching group, then over the counter, and finally
in- office bleaching group which showed the lowest
resistance to erosion .

The results came in agreement with another
study which showed that the enamel bleached
with 35% H,0,or 7.5% H,0, was in the groups
that generated the highest loss of surface hardness,
which indirectly related to mineral loss of enamel
surface®. This showed that the concentration of
the H,0,,
in decreasing the enamel micro-hardness. On the

as a single reason, was not determinant

other hand, the results of current study were not
compatible with previous studies where there was
no significant loss of minerals after erosion®*. The
difference in findings may be due to the addition of
calcium in the bleaching agents in the other study.

The enamel surface bleached with at-home
bleaching method exhibited resistance to erosion
when compared to other bleaching methods. The
results were different from the study carried out
by Elfallah et al., (2015) who affirmed that tooth
bleaching agents either carbamide peroxide or
hydrogen peroxide can lead to detrimental effects
on the properties of enamel surface. The produced
effects may result from damaging or denaturing its
protein ??. The possible explanation of the results



EFFECT OF DIFFERENT METHODS OF VITAL TOOTH BLEACHING

may be that the material of at-home bleaching
used in the current study contained fluoride in its
composition. In addition, resistance to erosion was
indirectly proportional to the loss of minerals at
bleaching procedure. So, the at-home bleaching
exhibited the lowest loss of minerals after bleaching
and the enamel in this group showed higher
resistance to erosion ®7.

CONCLUSIONS

Under the limitations of this study we can
conclude the following:

1- At-home beaching is considered the least
harmful to enamel compared to power in- office
and over the counter bleaching materials and it
is more resistant to erosive challenges.

2- Bleaching agents containing calcium decrease
the adverse effects of bleaching procedure.

3- Bleached enamel is less resistant to erosion
especially when power in office or over the
counter protocol is used.

RECOMMENDATIONS

1- Caution should be advised to the general public
when using over the counter bleaching products
as it may adversely affect enamel.

2- It is recommended to avoid acidic dietary
substances after bleaching procedure.

3- It recommended to use bleaching agents
containing calcium or fluoride to decrease the
adverse effects of bleaching agent.

4- Itis recommended to use a remineralizing agent
after the bleaching procedure
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