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Introduction: Residual oxygen-free radicals of bleaching agents before composite restorations can
increase microleakage in enamel and dentin margins, and also various bleaching techniques are being
developed using light sources. The present study was conducted to compare the effect of diode laser
bleaching and LED activated bleaching on the microleakage of composite restorations.
Materials & Methods: This in-vitro study was conducted on 84 extracted human premolars in three
groups: In group one, class-V cavities were prepared and the teeth (n=12) were restored with composite
ten days after bleaching with 35% hydrogen peroxide with no activator. In groups two and three (n=36
each), the teeth were bleached with a Diode laser activator and LED, respectively. Thereafter, each group
was divided into three subgroups (n=12), cavities were prepared and restored with composite three, five,
and ten days after bleaching. Digital photographs were used to assess microleakage in the enamel and
dentin margins. Data were analyzed using Friedman and Wilcoxon Signed Ranks tests (p<0.05).
Results: The lowest amount of microleakage in the enamel margin pertained to the diode laser ten-day
subgroup (0.17±0.38) and the diode laser ten-day subgroup in the dentin margin (0.50±1.03). Also, the
highest amount of microleakage in the LED group was in the three-day subgroup of the dentin margin
(2.78±0.42). Five-day subgroup of diode laser-activated bleaching had a lower amount of microleakage
compared to the control group (P=0.042).

Received: 11 Oct 2021

Conclusion: It may be concluded that diode laser-activated bleaching with 35% hydrogen peroxide has a
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better effect on reducing microleakage with an interval of five to ten days, compared to the control and
LED activated bleaching group.
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Dental bleaching is a conservative, effective, and fairly safe aesthetic treatment for the teeth and one of the most
popular dental treatments for dentists and patients.[1] Bleaching techniques are categorized as in-office and home
bleaching.[2] However various types of in-office bleaching gels and methods have been generated, bleaching agents for
at-home technique contain carbamide peroxide or hydrogen peroxide (H2O2) in low concentrations from 10% to more
than 45% for carbamide peroxide and 3% to 14% for H2O2. [3] In-Office bleaching contains high concentrations of
both peroxides containing 30-40% H2O2.[4] H2O2 may change the structure of the teeth, including color, roughness,
and surface hardness. These changes may decrease bond strength and increase microleakage at the restorative material
interface with the tooth tissue.[5]
Despite that, after the bleaching procedure teeth may require treatments like diastema closures or cavity
preparations for fillings. An interval of seven to ten days is advised from the time bleaching is over until the bonding
procedure is performed, to allow for the removal of the oxygen-free radical residue left inside the tooth structure as a
result of the decomposition of the bleaching agents. These radicals can interfere with the process of polymerization of
the bonding agents and composites, resulting in increased marginal microleakage.[6] However, this delay time is not
possible due to the dentist’s lack of time or personal patient issues. Microleakage is defined as the penetration of
bacteria, fluids, molecules, or ions into the spaces between the cavity wall and the restorative material, and clinically,
is one of the major factors involved in the decomposition of the adhesive bond and the reduced sustainability of
composite restorations.[7, 8] According to current studies, bleaching negatively affects the integrity of the restoration
margin and there are many studies on the post-bleaching microleakage of composite resin restorations. [9, 10]
Light or laser can be used in surgery to hasten the activation of the bleaching gel. [11] Hydrogen peroxide (30-38%)
is used in light-activated bleaching. The source of light can be plasma arc lamps, halogen or xenon lamps, light-emitting
diode (LED), or laser.[12] Over the years, studies have investigated the effect of different lasers (including diode lasers)
on dental treatments due to their appropriate size, cost-effectiveness, durability, and safety.[13, 14] Diode lasers are lowpower lasers that can reverse the adverse effect of bleaching by eliminating free radicals and thus improve bond
strength.[15, 16]
Some studies have examined the penetration of dye through restorations and their margins before bleaching,[17-19]
but there is still controversy about the effect of bleaching before and after restoration on the microleakage of composite
restorations. As some studies showed an increased risk of microleakage in dentin margins soon after bleaching with
carbamide peroxide in different consentrations[17, 18, 20] but another study didn’t find any effects on the marginal seal.[21]
Another study advised postponing the placement of composites for two weeks after bleaching with 37% hydrogen
peroxide as it can increase the risk of microleakage.[22]
Despite their increasing popularity, there is a lack of information about the effectiveness of diode lasers with
different wavelengths, and it is not yet clear how light-activated bleaching using different light sources and peroxides
will affect the composite restoration margin sealing and whether damaged restorations should be replaced or not. The
present in-vitro study was therefore designed and conducted to compare the effect of bleaching with 35% hydrogen
peroxide with and without LED light activator or diode laser on the microleakage of the enamel and dentin margins of
class-V composite restorations three, five, and ten days after the completion of bleaching.

Materials & Methods
The ethical approval was obtained from the Ethics Committee of Rafsanjan University of Medical Sciences
(IR.RUMS.REC.1398.058). In this in-vitro study, 84 freshly extracted human permanent premolars were selected.
Extractions were due to orthodontic problems and as a part of the treatment plan. They had no caries, restorations, root
canal treatments, or fractures were selected and kept in distilled water until it was time to begin the experiments. They
were then divided into three groups:
In group one (n=12), the teeth were bleached with an in-office bleaching agent opalescence boost, 35% hydrogen
peroxide gel (Ultradent Products Inc, South Jordan, Utah, USA) with no light activator according to the manufacturer’s
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instructions, as follows: A 2-mm-layer of the gel was placed on the entire buccal surface of each tooth and after 20
minutes, it was rinsed for 30 seconds. This process was repeated twice more with an interval of one minute between
each repetition.
In group two (n=36), bleached teeth (by the same method as before) were exposed to diode laser (Doctor Smile
Dental Laser, Genova, Italy) continuous mode, with 5 W of power, 300 Hz frequency, and 980 nm wavelength at 0.5
mm distance from the buccal surface of the tooth, in a way that the laser light covered the entire buccal surface for 20
seconds. This process was repeated three times.[23]
In group three (n=36), teeth were bleached (by the same method as before) using a Woodpecker LED curing light
instrument (Guilin Woodpecker Medical Instrument Co., Beijing, China) at 760 MW/cm2 intensity and 1-2 mm
distance from the buccal surface of the tooth, such that the light from the LED could cover the entire surface of the
tooth for 40 seconds. Also, this process was repeated three times. [24]
In group one (control), ten days after the bleaching process, cavity preparation followed by composite restoration
of the teeth. Groups two and three were divided into three subgroups each (n=12), and cavity preparation and composite
restoration of the teeth were carried out for them three, five, and ten days after the bleaching process. A diamond
fissure bur was used to drill a class-V cavity 3 mm mesiodistally, 2 mm occlusogingivally and 1.5 mm in axial depth
with 1 mm extension apical to CEJ (the dentin gingival margin) and 1 mm extension occlusal to CEJ (occlusal margin
in the enamel) along with a 45-degree enamel margin bevel at the buccal surface of all the teeth. The restoration process
was as follows: After 15 seconds of etching using 35% phosphoric acid (3M ESPE, St. Paul MN, USA), the cavities
were rinsed for 10 seconds and then air-dried for 10 seconds. Then, AdperTM Single Bond 2 (3M ESPE, St. Paul,
Minnesota, USA) was put on the cavity walls and light-cured for 20 seconds using the Woodpecker curing instrument
(Guilin Woodpecker Medical Instrument Co., Beijing, China). Next, Z250 composite, shade A2 (3M ESPE, St. Paul,
Minnesota, USA) was placed in one increment inside the cavity and cured for 40 seconds by the Woodpecker curing
instrument. The samples from all groups were kept in 100% humidity at room temperature for one month after
restoration and underwent 1500 thermal cycles (Vafaie Co., Tehran, Iran) at a temperature of 5 to 55 °C. [25]
The apex of all the samples was sealed with sticky wax and the surfaces of all the teeth (except for the restorations
and 1 mm from the margins) were covered with two coats of nail varnish. The samples were then submerged in 2%
Fuchsin solution and incubated at 37 °C for 24 hours. The surface stain was rinsed with tap water, a rubber cap, and
pumice powder. Then, each tooth was bisected longitudinally in a buccolingual direction using a diamond disc cutting
machine (Mecatome, T201A, PRESI, France). The microleakage in the occlusal (enamel) and gingival (dentin)
margins were examined using digital photographs (Nikon D3200, Bangkok, Thailand) and Photoshop-8 with 20x
magnification and an accuracy of 0.1 mm. A standard scoring system was applied as follows:
No microleakage =0
Penetration to 1/3rd of the cavity depth =1
Penetration between 1/3rd and 2/3rd of the cavity depth =2
Penetration to more than 2/3rd of the cavity depth up to the axial wall =3.[26]
The collected data were analyzed using SPSS 22.0. The Shapiro-Wilks test was used to assess the normal
distribution of the data. This test showed that the data were not normally distributed (P<0.05); therefore, the
Friedman and Wilcoxon Signed Ranks tests were used to analyze the data. P<0.05 was taken as the level of statistical
significance.

Results
Friedman’s test showed that the difference between microleakages in the enamel and dentin margins and the control
group was significantly different in all groups (P<0.05). Table 1 presents a Pairwise comparison of the subgroups with
the control group and the mean±standard deviation of microleakage score in all subgroups by enamel and dentin
margins.
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Results show that microleakage in group two (diode laser) was significantly lower on day ten compared to the
three-day and five-day subgroups (P=0.003 and P=0.001 respectively). Yet, in group three (LED), microleakage was
significantly higher on day three than on days five and ten (P=0.009 and P=0.001, respectively).
Table 1. A comparison of microleakage mean±standard deviations of the bleaching subgroups and the control
group based on the enamel and dentin margins
Group

Subgroup

Sample Size

Mean ± SD
Enamel
P-Value
Dentin
P-Value
Group 1 (control)
--------12
1.22±1.10
1.83±1.40
a
e
3-day
12
1.00±1.22
0.99
0.78±1.10
0.002**
5-day
12
0.83±1.03a 0.042** 1.39±1.27h 0.050**
10-day
12
0.17±0.38b <0.001** 0.50±1.03e <0.001**
3-day
12
1.44±1.48c
0.615
2.78±0.42g 0.001**
a
5-day
12
0.72±1.11
0.196
1.89±1.39f
0.936
a
10-day
12
0.89±1.12
0.256
1.67±1.39h
0.489
*The mean values with the same superscripts are not significantly different in each enamel and dentin margins
according to Wilcoxon Signed Ranks Test (P>0.05)
**Different compared to control group was statistical significant according to Wilcoxon Signed Ranks Test
The lowest amount of microleakage in the enamel margin pertained to the diode laser ten-day subgroup (P<0.001)
and to the diode laser ten-day subgroup in the dentin margin (P<0.001). Also, the highest amount of microleakage in
the LED group was in the three-day subgroup of the dentin margin (P=0.001). In the other subgroups, there was no
significant difference compared to the control group.
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Discussion
In the present study, diode laser reduced microleakage in both enamel and dentin margins, and LED did not
significantly change it. This may be attributed to the power densities, different times of gel application, or the heat
each of them produces. Microleakage mean in the five-day subgroup of the diode laser group was statistically lower
than the control group which shows the effect of diode laser-activated bleaching with 35% hydrogen peroxide in
reducing the time between office bleaching and adhesive restoration. This is consistent with what has been found in a
recent study by Cevval Ozkocak et al.[27] which reported that diode laser-assisted bleaching can be used as an
alternative method today because it makes the operation time shorter and causes minimal morphological changes on
the enamel surface but a waiting time of at least 7 days will increase the bond strength.
This study put together class-V cavities with occlusal enamel margin and gingival dentin margin to assess the effect
of pre-restorative bleaching on microleakage on each of them on different days. The pre-restorative bleaching
microleakage can be due to the oxygen residue on the tooth surface, which hinders bonding polymerization. Also, the
bleached enamel etched with 37% phosphoric acid has an unclear etching pattern and fragile resin tags that make it
penetrate less deeply compared to the control group, which can decrease restoration bonding to the enamel leading to
increased microleakage.[28]
According to the results, in the diode laser-activated group, microleakage in the dentin margin was significantly
lower on all days compared to the control group, and restoration microleakage was lower after ten days compared to
the other subgroups. A possible reason could be the elapse of a longer time and the induced laser heat in this subgroup,
which could have led to the evaporation of the remaining bleaching agents and the decline in oxygen free radicals in
the tooth, and might have reduced microleakage by increasing the composite bond to the tooth. [29]
The results also showed that the lowest amount of microleakage in the enamel margin was in the ten-day subgroup
of the diode laser, with similar reasons as above. Other studies have argued that bleaching a vital tooth changes the
protein and minerals of the enamel surface layers, which may reduce the bond strength. [29] In agreement with this
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finding, Bulucu et al. [30] showed that there was less microleakage in the enamel margin cavity than the dentin margin.
They also found that microleakage was significantly higher in the LED activated group compared to the other groups,
which concurs with the present findings. Moreover, Loretto et al. [31] argued that the type of light activator has no
effects on the enamel bond strength immediately after bleaching, which disagrees with the present findings, perhaps
due to the difference in the time of assessing the microleakage or the difference in bleaching agents used since they
used carbamide peroxide 10% in their study which acts as a home bleaching agent.
As discussed above, another effect of bleaching is weakening the enamel structure due to enamel minerals and
organics oxidation, which changes its microhardness, and these changes are due to minerals absorption or loss, [32]
which can affect the restoration microleakage. Zhang et al. [33] stated that hydrogen peroxide 35% bleaching with diode
laser and LED activators did not significantly change the enamel’s microhardness. To our knowledge, there are very
few studies on light-activated bleaching before composite restorations, making it impossible to compare the present
findings with the results of further similar studies. The researchers recommend that other parameters related to
restoration bonding, such as bond strength, also be assessed in future studies, so that the effect of a diode laser or LED
activated bleaching can be further investigated.

Conclusion
It may be concluded that diode laser-activated bleaching with 35% hydrogen peroxide has a better effect on
reducing microleakage with an interval of five to ten days, compared to the control and LED activated bleaching group.
Since this study had not stimulated the exact oral conditions, it should be supported by clinical studies.
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