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Abstract:
Background:
There are various methods proposed to prevent the reduction of substrate micro tensile bond strength to bleached enamel. Therefore, this study
aims to evaluate and compare the effectiveness of two common methods, namely 10% sodium ascorbate and Er:YAG laser irradiation, in
increasing the microtensile bond strength of composite resins to bleached enamel.
Methods:
In this in vitro study, 72 maxillary premolar teeth were divided into four equal groups: bleached control group, unbleached control group, treated
with 10% sodium ascorbate, and Er:YAG laser-treated group (60 mJ, frequency = 10 Hz, and power of 0.6 W with a 400-pm diameter tip). The
samples were cut by a CNC cutting machine for a microtensile bond strength test.
Results:
The Er:YAG laser group showed the highest mean bond strength (27.3 MPa), while the bleached control group had the lowest (15.06 Mpa). There
was a significant difference between the bleached and unbleached control groups (P<0.001). Samples prepared with 10% sodium ascorbate and the
Er:YAG group had higher tensile bond strength than the bleached control group (P<0.0001). Tensile bond strengths were not significantly different
between the 10% sodium ascorbate and the Er:YAG laser preparation groups (P=0.361).
Conclusion:
The findings of this study indicate that the microtensile bond strength of composite resins to bleached enamel can be increased by 10% sodium
ascorbate and Er:YAG laser irradiation.
Keywords: Er:YAG laser, Sodium ascorbate, Bond strength, Bleaching, Microtensile, Laser irradiation.
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1. INTRODUCTION due to problems with adhesive penetration [3, 4]. Various

techniques have been proposed to prevent decreases in
substrate bond strength to bleached enamel, including delayed
bonding, abrading the surface enamel, using acetone-
containing adhesives, applying alcohol to the tooth surface, and
using sodium ascorbate gel or solution as an antioxidative
agent. Waiting for one day or three weeks is the most common
and easiest method [5 - 7]. However, since patients come from
different regions or have time limitations, it is necessary to
carry out adhesive restorative procedures in the same session [8
- 10]. To shorten the waiting time, a 10% sodium ascorbate gel
is applied to the bleached enamel surface to accelerate the
* Address correspondence to this author at the Resident of Operative Dentistry, remOYal of the reSldl,lal oxygen layer and restore enamel
School of Dentistry, Ahvaz university of Medical Sciences, Iran; adhesion to pre-bleaching values [10, 11]. It has been reported
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The increasing demand for dental health, aesthetics, and a
beautiful smile has led to advancements in tooth-bleaching
procedures [1]. Two techniques for bleaching vital teeth are
available: in-office bleaching under the supervision of a dentist
and at-home bleaching using a nightguard. Carbamide peroxide
is commonly used in the at-home technique, while hydrogen
peroxide is the most effective agent for eliminating intrinsic
stains in the office [2]. However, both techniques induce
morphological changes in the bleached enamel, increasing
tissue porosity and permeability and affecting bond strength
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restore enamel bond strength in vitro, in situ, and in the clinic
[12 - 14].

The advent of new technologies, such as lasers, has
resulted in significant advantages in modern dentistry. Lasers
can be used in restorative dentistry for cavity preparation,
treating dentin sensitivity, tooth bleaching, composite resin
polymerization, preparation of organic and inorganic tooth
structures, and induction of surface changes in biomaterials
[14, 15]. Erbium lasers are widely used by dentists. Er:YAG
laser has a wavelength of 490 nm, has proper absorption by
hydroxyapatite and water, and is very suitable for application
to dental structures [14, 15]. The reducing effects of Er:YAG
laser on tooth structures affect the bonding process after tooth
bleaching procedures due to an increase in the temperature of
the substrate and morphologic changes in the dentin and
enamel structure. In addition, laser therapy makes it possible to
immediately place the restorative materials by removing the
residual free radicals and immediately neutralizing their effects
[15].

Sodium ascorbate as an antioxidant and laser treatment
with its ability to eliminate free radicals effectively increase the
bond strength of adhesive agents to bleached enamel. However,
few studies have investigated the effectiveness of these two
techniques in improving the bond strength of composite resin
to enamel after in-office bleaching. Therefore, the present
study compared the effect of 10% sodium ascorbate and
Er:YAG laser on the microtensile strength of composite resin
on enamel bleached with 35% hydrogen peroxide [16].

2. MATERIALS AND METHODS

2.1. Study Population

The present study was conducted on 72 maxillary premolar
teeth that were free from cracks, caries, or coronal restorations.
The study was approved by the ethical committee of Ahvaz
University of Medical Sciences (IR.AJUMS.REC.1397.243).
Based on previous studies [17 - 20], a sample size of 18
patients was included in each group, with a 95% confidence
interval and a study power of 90%. Therefore, a total of 72
teeth were included in the present study.

2.2. Study Protocol

The teeth were cleaned using periodontal curettes (Juya
Instruments, PVT) and disinfected in 10% formalin solution
(Kimia Daru, Iran) for one week at room temperature. They
were kept in sterilized water for another week before the study
began. A slurry of pumice (Pumice Medium, Sina Bartar) and a
rubber cup (Brasseler, USA) were used to remove all deposits
and impurities from the tooth surfaces. The roots were
separated from the crown at the cemento-enamel junction
(CEJ) using a diamond bur (Tizkavan, Iran) in a high-speed
dental handpiece (NSK, USA) under air and water spray. The
coronal pulp was removed, and the pulp chamber was filled
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with light-body Speedex impression material (Coltene,
Switzerland) to prevent acrylic resin monomer (Meliodent,
Heraeuse, Kuzeler, Germany) from entering the chamber.

The specimens were placed labially within translucent
acrylic resin molds measuring 25x53x10 mm and immersed in
cold water for curing. A bleaching gel (Opalescence, UT,
USA) containing 40% hydrogen peroxide gel was applied to
the enamel surfaces of the specimens for 20 minutes. The
specimens were then rinsed and dried with water or air spray.

The specimens in the first group were treated with a 10%
sodium ascorbate gel (ICN Biomedicals, USA). The gel was
applied to the specimens for 15 minutes prior to the restorative
procedures [21]. The standard amount of gel used in a tray,
measuring 3 mm in thickness, was applied to the enamel
surface. Specimens in the second group were treated with an
Er:YAG laser (Kavo Biberach, Germany) using 60 mJ energy,
a frequency of 10 Hz, and a power of 0.6 W with a tip diameter
0of 400 um. The tip was placed perpendicular to the surface at a
distance of 1 mm and moved in a transverse circling motion
from the center of the tooth sample toward the peripheral areas
for 5 seconds. A spray consisting of 60% air and 50% water
under a pressure of 2 bars was used during the procedure.

The bleached control group did not undergo surface
preparation and was etched and bonded after applying the
bleaching gel. Composite resin samples were then placed on
them, similar to the other groups. The unbleached control
group was only etched and bonded, and composite resin was
placed on the samples (Fig 1).

To apply composite resin (light-cured, 3M ESPE, Z250,
USA) to the specimens, a translucent cylindrical mold with a
diameter of 4 mm and a height of 6 mm was affixed to the
specimen surfaces. Next, 35% phosphoric acid gel (Voco,
Cuxhaven, Germany) was applied to the surface of all
specimens for 20 seconds, rinsed for 15 seconds, and dried for
10 seconds. Then, a fifth-generation bonding agent (Single
Bond 2, USA) was applied in two coats with a microbrush to
the etched surfaces of the specimens, dried for 5 seconds with
air spray, and cured for 20 seconds from a distance of 1 mm
using a light curing device (Woodpecker, China). Z250
composite resin (3M ESPE, USA) was applied to the molds
using the incremental technique to a thickness of 1 mm and
light cured from both sides of the mold. After removing the
mold, the specimens were stored in distilled water at room
temperature for 24 hours to complete the polymerization
process.

Next, the specimens were cut using a CNC cutting machine
to prepare for the microtensile strength test, which was
performed using a microtensile strength tester (Microtensile
Tester, Bisco, Schaumburg, IL, USA). The device was set to a
force of 50 kg at a strain rate of 0.5 mm/min. The bond
strength (MPa) was calculated by dividing the force at failure
(N) by the bonded surface area (mm,).
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Fig. (1). Illustrates the study design. Initially, 72 maxillary premolar teeth were selected and divided into four groups: group 1 (G1) served as the
bleached control group, group 2 (G2) as the unbleached control group, group 3 (G3) as the 10% sodium ascorbate treated group, and group 4 (G4) as
the Er:YAG laser-treated group. In the next step, the processed samples were cut using a CNC cutting machine. Finally, the microtensile strength test
was performed using a microtensile strength tester to measure the bond strength (MPa) of each sample.

2.3. Statistical Analysis

The results were analyzed using SPSS 22. The normality of
the data was assessed with the Kolmogorov-Smirnov test.
ANOVA and post hoc Tukey tests were used to compare the
quantitative variables between the study groups (P<0.05).

3. RESULTS

3.1. Characteristics of the Study Population

Table 1 presents the primary data, with the highest mean
micro tensile bond strength values observed in the group
prepared with Er:YAG laser (27.3 MPa) and the lowest values
in the bleached control group (15.06 MPa). According to
ANOVA test, the mean shear adhesion values differed
significantly among the four study groups (P < 0.001). The
mean shear bond strength value in the group bleached with
40% hydrogen peroxide gel was significantly lower than in the
unbleached and bleached control groups (P < 0.001).

Table 1. Means shear bond strength values in the study
groups (MPa).

Groups (1;\/[/1913; SD (;[/1;:) (1\1\;[11:;)
Gp (n=18) 2491 (5.845(35.25 | 15.27
Gp (n=18) 15.06 [4.538(21.93 | 7.960
Sodium Ascorbate 10% (n=18) 24.09 [5.186]30.97 [ 9.8
Er:YAG laser (n=18) 27.30 [4.061] 33.89 [ 17.63

GP': unbleached control.

GP: bleached control.

SD: standard deviations.

Min: minimum, Max: maximum.

There was a significant difference between the bleached
control group and the group prepared with 10% sodium
ascorbate (P < 0.001), with the microtensile strength higher in
the latter. Similarly, there was a significant difference between
the bleached control group and the Er:YAG laser-prepared
group (P < 0.001), with the laser group having higher
microtensile bond strength.

However, there was no significant difference between the
unbleached control group and the group prepared with 10%
sodium ascorbate (P=0.905) or between the unbleached control
group and the group prepared with Er:YAG laser (P=0.768).
Nonetheless, preparation with Er:YAG laser significantly
increased microtensile strength.

There was no significant difference between the group
prepared with 10% sodium ascorbate and the Er:YAG laser-
prepared group (P=0.361). However, the results indicate that
preparation with Er:YAG laser significantly increased
microtensile bond strength compared to preparation with 10%
sodium ascorbate (Table 2).

Table 2. Comparison of the microtensile bond strength
between the groups.

The The The mean
mean | mean MPa
Group MPa | MPa Mean | difference at| p.
comparison in in | difference 95% value
group | group confidence
1 2 interval
Gp'vs.Gp | 24.91 | 15.06 9.847  [5.499 to 14.20] <0.001
Gp vs. 10%
sodium 15.06 | 24.09 -9.027 -1338to <0.001
-4.678
ascorbate
Gp vs. -16.58 to
- <
ErYAG laser 15.06 | 27.30 12.23 7886 0.001
Gp' vs. 10%
sodium 2491 [ 24.09 0.8206 -3.528to 0.3
5.169
ascorbate
Gp' vs. -6.736 to
ErYAG laser 2491 [ 27.30 -2.387 1.961 0.2
10% sodium
ascorbate vs. | 24.09 | 27.30 -3.208 -71'51521“) 0.3
Er:YAG laser )

Note:GP': unbleached control.
GP: bleached control.
NS: Not significant.
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4. DISCUSSION

The current study is consistent with previous research
indicating that tooth bleaching reduces microtensile bond
strength. However, this effect can be mitigated by surface
preparation using 10% sodium ascorbate or Er:YAG laser
irradiation. Furthermore, the results demonstrate that there is
no significant difference in micro tensile bond strength
between bleached teeth and those treated with sodium
ascorbate or Er:YAG laser. It should be noted that a limitation
of this study is that the underlying mechanism of these
materials was not assessed by examining any induced
morphological changes.

The present study found that microtensile bond strength
decreased significantly after bleaching with 40% hydrogen
peroxide gel, and the microtensile bond strength in the
bleached control group was significantly lower than that in the
unbleached control group. Several studies have reported a
decreased bond strength of composite resin to tooth structure
after bleaching procedures. Rego et al. studied 20 sound human
premolar teeth and reported that bleaching with 40% hydrogen
peroxide significantly decreased the microtensile bond strength
[22]. In addition, Iska ef al. showed that bleaching decreased
the microtensile bond strength [23]. A bleaching procedure
involves an oxidizing agent, which can leave oxygen and
hydrogen peroxide within the tooth structure, preventing
complete penetration of resin and polymerization of resins
cured by a free radical mechanism [24, 25]. Delaying the
restorative procedure after bleaching is a simple method to
resolve this issue. Therefore, it has been suggested that
bleached teeth be restored after a delay of one week [26, 27].
However, different time intervals have been suggested, with
some studies suggesting a 3-week delay [28, 29] and Van der
Vyver suggesting a delay of at least two weeks [30]. Therefore,
there is no consensus on the duration of the delay [30].

However, some patients may not be able to comply with
this delay due to various reasons, and it is desirable to reduce
the time required for treatment. To increase bond strength
immediately after the bleaching procedure, several techniques
have been suggested by different researchers. Barghi et al.
reported that using solutions such as alcohol, acetone, or
acetone-containing bonding agents instead of water can
decrease the effect of bleaching agents on the bond strength of
composite resin to enamel [8]. Khalili ef a/. found that alcohol
decreased residual water and oxygen, thereby increasing the
bond strength of composite resin to bleached enamel [31].
Sung et al. recommended the use of Opti Bond, an alcohol-
based bonding agent, for bonding after tooth bleaching [31].
However, some studies have shown that the type of solvent
does not affect the efficacy of the bonding agent after
bleaching, and using ethanol-based or acetone-based bonding
agents may decrease the bond strength of composite resin [8,
32].

Since free radicals derived from oxygen after tooth
bleaching may injure periodontal tissues and initiate
inflammatory responses and external root resorption, some
researchers have suggested using antioxidative agents such as
catalase scavenger enzymes or free radicals such as ascorbic
acid, alpha-tocopherol, glutathione peroxidase, and salicylic
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acid derivatives to neutralize these free radicals. This prevents
these toxic agents from damaging teeth [33]. Therefore,
considering the ability of these materials to neutralize free
radicals, it appears that using these agents can significantly
increase the bond strength of composite resin to enamel after
bleaching procedures, in addition to the effects mentioned
above.

Ascorbic acid and its salts have antioxidative potential and
are widely used in the food industry. It appears that they have
no detrimental biological effects or clinical risks. These potent
reducing agents can release two high-energy electrons, and this
electron-emitting property reduces oxidized dentin and enamel.
These agents have positively affected some dental treatments,
such as endodontics. In a study by Mitzi et al., 10% ascorbic
acid or 10% sodium ascorbate for 10 minutes after root canal
irrigation with sodium hypochlorite solution during root canal
treatment increased the bond strength to dentin. The study also
showed that applying 10% sodium ascorbate immediately after
bleaching increased microtensile bond strength significantly
[34], with significant differences between the bleached and
unbleached control groups and the group prepared with sodium
ascorbate [34]. One study evaluated the effect of different
antioxidant agents on the microtensile bond strengths of
composite restorations to enamel bleached with 38% hydrogen
peroxide. Finally, they found that Bleaching with 38%
hydrogen peroxide reduced the bond strength of composite to
enamel [35]. In a related study, Ferreira et al. examined the
impact of catalase, 2% chlorhexidine gel, and 1% sodium
hypochlorite on the microtensile bond strength of 60 bovine
incisors that were bleached with 35% hydrogen peroxide.
While they discovered a decrease in the microtensile bond
strength of the teeth that were bleached with 35% hydrogen
peroxide compared to the control group, this difference was not
statistically significant. The microtensile bond strength means
(MPa) were 9.95, 7.48, 7.46, 6.45 and 7.19 for control/no
bleaching, catalase, 2% chlorhexidine gel, 1% sodium
hypochlorite, and distilled water, respectively [36].

Another technique that has recently attracted attention is
the use of lasers. Gabriel et al. showed that treatment with
Er:YAG laser and total-etch adhesive procedures increased the
bond strength of restorative materials to bleached dentin [37].
Basir et al. (2016) demonstrated that the use of Er:YAG and
CO2 lasers and 10% sodium ascorbate improved the bond
strength of composite resin to specimens in the at-home
bleaching procedure, and the use of Er:YAG laser in the in-
office bleaching procedure resulted in the highest bond strength
compared to other techniques [38]. Additionally, Basir et al.
evaluated the effect of surface preparation with Nd:YAG,
Er:YAG, and CO2 lasers and sodium ascorbate on freshly
bleached enamel with laser and reported that Nd:YAG laser
created melted areas on the tooth surface. However, Er:YAG
laser created irregularities and surface porosities, and the CO2
laser melted the surface layer of the tooth substrate and created
micrometer cracks. In the present study, we found that
bleached teeth prepared with Er:YAG laser had a higher tensile
bond strength than the bleached control group without
preparation. However, there was no significant difference
between the unbleached teeth and the bleached teeth prepared
with sodium ascorbate, which is consistent with previous
studies.
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On the other hand, sodium ascorbate did not induce any
changes except for those caused by the bleaching effect. The
findings suggest that surface preparation with Er:YAG,
Nd:YAG, and CO2 lasers following tooth bleaching with laser
beams could enhance the bond strength of resin materials to the
newly bleached tooth [39]. Er:YAG irradiation on the tooth
surface caused fusion and re-crystallization of the surface,
which was proportional to the density of the laser energy used.
Laser irradiation induced some morphological changes on the
tooth surface by reducing the percentage of calcium and
phosphorus in the tooth structure, leading to changes in the
hydroxyapatite structure and its re-crystallization [40 - 42]. The
re-crystallization of hydroxyapatite crystals results in better
bonding to the tooth surface. Therefore, an increase in bond
strength after laser irradiation might be attributed to this
phenomenon. In other words, laser irradiation evaporates the
free radicals generated during the bleaching procedure.
Furthermore, apatite peroxide, which is formed due to the
replacement of peroxide ions by hydroxyl radicals in the
apatite crystals, is re-crystallized to form hydroxyapatite [43].

CONCLUSION

Overall, the results of this study suggest that both 10%
sodium ascorbate and Er:YAG laser treatment can enhance the
microtensile bond strength of composite resin to bleached
enamel. Furthermore, there was no significant difference in the
effect of 10% sodium ascorbate and Er:YAG laser treatment on
the microtensile bond strength of composite resin to bleached
enamel. Moreover, the bleaching can significantly decrease the
microtensile bond strength of the enamel.

ETHICS APPROVAL
PARTICIPATE

AND CONSENT TO

The study was approved by the ethical committee of Ahvaz
University of Medical Sciences (IR.AJUMS.REC.1397.243).
HUMAN AND ANIMAL RIGHTS

No animals were used that are the basis of this study. All
human research procedures were followed in accordance with
the ethical standards of the committee responsible for human
experimentation (institutional and national), and with the
Helsinki Declaration of 1975, as revised in 2013.
CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIALS

The data supporting the findings of this study are available
from the corresponding author [N.E] upon reasonable request.
FUNDING

This study was supported by a research grant (grant
number IR AJUMS.REC.1397.243) from Ahwaz University of
Medical Sciences, Iran.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

The Open Dentistry Journal, 2023, Volume 17 5

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[9]

[10]

(1]

[14]

[15]

[1e]

[17]

Torres CRG, Caneppele TMF, Del Moral de Lazari R, Ribeiro CF,
Borges AB. Effect of dental surface treatment with Nd:YAG and
Er:YAG lasers on bond strength of resin composite to recently
bleached enamel. Lasers Med Sci 2012; 27(4): 755-60.
[http://dx.doi.org/10.1007/s10103-011-0946-6] [PMID: 21800154]
Gurgan S, Yalcin F. The effect of 2 different bleaching regimens on
the surface roughness and hardness of tooth-colored restorative
materials. Quintessence Int 2007; 38(2): e83-7.

[PMID: 17510718]

Kihn PW, Barnes DM, Romberg E, Peterson K. A clinical evaluation
of 10 percent vs. 15 percent carbamide peroxide tooth-whitening
agents. J] Am Dent Assoc 2000; 131(10): 1478-84.
[http://dx.doi.org/10.14219/jada.archive.2000.0061]
11042989]

Hayacibara MF, Ambrozano GM, Cury JA. Simultaneous release of
fluoride and aluminum from dental materials in various immersion
media. Oper Dent 2004; 29(1): 16-22.

[PMID: 14753327]

Hegediis C, Bistey T, Flora-Nagy E, Keszthelyi G, Jenei A. An atomic
force microscopy study on the effect of bleaching agents on enamel
surface. J Dent 1999; 27(7): 509-15.
[http://dx.doi.org/10.1016/S0300-5712(99)00006-8]
10507207]

Sung EC, Chan SM, Mito R, Caputo AA. Effect of carbamide
peroxide bleaching on the shear bond strength of composite to dental
bonding agent enhanced enamel. J Prosthet Dent 1999; 82(5): 595-9.
[http://dx.doi.org/10.1016/S0022-3913(99)70060-0] [PMID:
10559733]

Kimyai S, Valizadeh H. The effect of hydrogel and solution of sodium
ascorbate on bond strength in bleached enamel. Oper Dent 2006;
31(4): 496-9.

[http://dx.doi.org/10.2341/05-85] [PMID: 16924991]

Lai SCN, Tay FR, Cheung GSP, et al. Reversal of compromised
bonding in bleached enamel. J Dent Res 2002; 81(7): 477-81.
[http://dx.doi.org/10.1177/154405910208100709] [PMID: 12161460]
Muraguchi K, Shigenobu S, Suzuki S, Tanaka T. Improvement of
bonding to bleached bovine tooth surfaces by ascorbic acid treatment.
Dent Mater J 2007; 26(6): 875-81.
[http://dx.doi.org/10.4012/dmj.26.875] [PMID: 18203494]

Atali PY, Tirkmen C, Giileryiiz N. Effect of sodium ascorbate and
delayed treatment on the shear bond strength of composite resin to
enamel following bleaching. Niger J Clin Pract 2016; 19(1): 91-8.
[http://dx.doi.org/10.4103/1119-3077.164328] [PMID: 26755225]
Khoroushi M, Saneie T. Post-bleaching application of an antioxidant
on dentin bond strength of three dental adhesives. Dent Res J 2012;
9(1): 46-53.

[http://dx.doi.org/10.4103/1735-3327.92943] [PMID: 22363363]

Yiu CKY, Garcia-Godoy F, Tay FR, ef al. A nanoleakage perspective
on bonding to oxidized dentin. J Dent Res 2002; 81(9): 628-32.
[http://dx.doi.org/10.1177/154405910208100910] [PMID: 12202645]
Moule CA, Angelis F, Kim G-H, et al. Resin bonding using an all-etch
or self-etch adhesive to enamel after carbamide peroxide and/or CPP-
ACP treatment. Aust Dent J 2007; 52(2): 133-7.
[http://dx.doi.org/10.1111/j.1834-7819.2007.tb00478.x]
17687960]

Tabatabaei MH, Arami S, Nojoumian A, Mirzaei M. Antioxidant
effect on the shear bond strength of composite to bleached bovine
dentin. Braz J Oral Sci 2011; 10(1): 33-6.

Rohanizadeh R, LeGeros RZ, Fan D, Jean A, Daculsi G.
Ultrastructural properties of laser-irradiated and heat-treated dentin. J
Dent Res 1999; 78(12): 1829-35.
[http://dx.doi.org/10.1177/00220345990780121001]
10598913]

Hashim NT, Gasmalla BG, Sabahelkheir AH, Awooda AM. Effect of
the clinical application of the diode laser (810 nm) in the treatment of
dentine hypersensitivity. BMC Res Notes 2014; 7(1): 31.
[http://dx.doi.org/10.1186/1756-0500-7-31] [PMID: 24411005]
Eugénio S, Osorio R, Sivakumar M, Vilar R, Monticelli F, Toledano
M. Bond strength of an etch-and-rinse adhesive to KrF excimer laser-
treated dentin. Photomed Laser Surg 2010; 28(1): 97-102.
[http://dx.doi.org/10.1089/pho.2008.2270] [PMID: 19743929]

[PMID:

[PMID:

[PMID:

[PMID:


http://dx.doi.org/10.1007/s10103-011-0946-6
http://www.ncbi.nlm.nih.gov/pubmed/21800154
http://www.ncbi.nlm.nih.gov/pubmed/17510718
http://dx.doi.org/10.14219/jada.archive.2000.0061
http://www.ncbi.nlm.nih.gov/pubmed/11042989
http://www.ncbi.nlm.nih.gov/pubmed/14753327
http://dx.doi.org/10.1016/S0300-5712(99)00006-8
http://www.ncbi.nlm.nih.gov/pubmed/10507207
http://dx.doi.org/10.1016/S0022-3913(99)70060-0
http://www.ncbi.nlm.nih.gov/pubmed/10559733
http://dx.doi.org/10.2341/05-85
http://www.ncbi.nlm.nih.gov/pubmed/16924991
http://dx.doi.org/10.1177/154405910208100709
http://www.ncbi.nlm.nih.gov/pubmed/12161460
http://dx.doi.org/10.4012/dmj.26.875
http://www.ncbi.nlm.nih.gov/pubmed/18203494
http://dx.doi.org/10.4103/1119-3077.164328
http://www.ncbi.nlm.nih.gov/pubmed/26755225
http://dx.doi.org/10.4103/1735-3327.92943
http://www.ncbi.nlm.nih.gov/pubmed/22363363
http://dx.doi.org/10.1177/154405910208100910
http://www.ncbi.nlm.nih.gov/pubmed/12202645
http://dx.doi.org/10.1111/j.1834-7819.2007.tb00478.x
http://www.ncbi.nlm.nih.gov/pubmed/17687960
http://dx.doi.org/10.1177/00220345990780121001
http://www.ncbi.nlm.nih.gov/pubmed/10598913
http://dx.doi.org/10.1186/1756-0500-7-31
http://www.ncbi.nlm.nih.gov/pubmed/24411005
http://dx.doi.org/10.1089/pho.2008.2270
http://www.ncbi.nlm.nih.gov/pubmed/19743929

6 The Open Dentistry Journal, 2023, Volume 17

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

311

Celik ¢, Ozel Y, Bagis B, Erkut S. Effect of laser irradiation and
cavity disinfectant application on the microtensile bond strength of
different adhesive systems. Photomed Laser Surg 2010; 28(2): 267-72.
[http://dx.doi.org/10.1089/pho.2009.2509] [PMID: 19530908]

Hilgers JJ, Tracey SG. Clinical uses of diode lasers in orthodontics. J
Clin Orthod 2004; 38(5): 266-73.

[PMID: 15178881]

Murad CG, Andrade SN, Disconzi LR, et al. Influence of 10% sodium
ascorbate gel application time on composite bond strength to bleached
enamel. Acta Biomater Odontol Scand 2016; 2(1): 49-54.
[http://dx.doi.org/10.3109/23337931.2016.1152901]
28642912]

Alizadeh Oskoee P, Savadi Oskoee S, Rikhtegaran S, et al. Effect of
various laser surface treatments on repair shear bond strength of aged
silorane-based composite. J Lasers Med Sci 2017; 8(4): 186-90.
[http://dx.doi.org/10.15171/jlms.2017.34] [PMID: 29071025]

Rego MVNN, Santos RML, Leal LMP, Braga CGS. Evaluation of the
influence of dental bleaching with 35% hydrogen peroxide in
orthodontic bracket shear bond strength. Dental Press J Orthod 2013;
18(2): 95-100.
[http://dx.doi.org/10.1590/82176-94512013000200020]
23916438]

Goutam M, Iska D, Singh M, Chitumalla R, Balasubramanian SCB,
Goutam M. [n vitro assessment of influence of various bleaching
protocols on the strength of ceramic orthodontic brackets bonded to
bleached tooth surface: A comparative study. J Contemp Dent Pract
2017; 18(12): 1181-4.
[http://dx.doi.org/10.5005/jp-journals-10024-2196] [PMID: 29208795]
Perdigdo J, Francci C, Swift EJ Jr, Ambrose WW, Lopes M. Ultra-
morphological study of the interaction of dental adhesives with
carbamide peroxide-bleached enamel. Am J Dent 1998; 11(6):
291-301.

[PMID: 10477981]

Rueggeberg FA, Margeson DH. The effect of oxygen inhibition on an
unfilled/filled composite system. J Dent Res 1990; 69(10): 1652-8.
[http://dx.doi.org/10.1177/00220345900690100501] [PMID: 2212209]
Summitt JB, Robbins JW, Schwartz RS. Fundamentals of Operative
Dentistry: A Contemporary Approach. Quintessence Publishing Co.
2001; pp. 658-9.

Roberson T, Heymann H. Art and science of operative dentistry. 4th
Ed.. London: Mosby Co. 2002.

Cavalli V, Reis AF, Giannini M, Ambrosano GM. The effect of
elapsed time following bleaching on enamel bond strength of resin
composite. Oper Dent 2001; 26(6): 597-602.

[PMID: 11699184]

Borges A, Borges A, Rocha P, Rodrigues J. The influence of bleaching
agents on enamel bond strength of a composite resin according to
storage time. J Den Res 2003; 82: B191.

van der Vyver PJ, Lewis SB, Marais JT. The effect of bleaching agent
on composite/enamel bonding. J Dent Assoc S Afr 1997; 52(10):
601-3.

[PMID: 9461903]

Garcia-Godoy F, Dodge WW, Donohue M, O’Quinn JA. Composite
resin bond strength after enamel bleaching. Oper Dent 1993; 18(4):
144-7.

[PMID:

[PMID:

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[40]

[41]

[43]

Zakavi et al.

[PMID: 8152982]

Shinohara MS, Peris AR, Rodrigues JA, Pimenta LA, Ambrosano GM.
The effect of nonvital bleaching on the shear bond strength of
composite resin using three adhesive systems. J Adhes Dent 2004;
6(3): 205-9.

[PMID: 15536850]

Rotstein I. Role of catalase in the elimination of residual hydrogen
peroxide following tooth bleaching. J Endod 1993; 19(11): 567-9.
[http://dx.doi.org/10.1016/S0099-2399(06)81288-4] [PMID: 8151246]
Morris M, Lee K, Agee K, Bouillaguet S, Pashley D. Effects of
sodium hypochlorite and RC-prep on bond strengths of resin cement to
endodontic surfaces. J Endod 2001; 27(12): 753-7.
[http://dx.doi.org/10.1097/00004770-200112000-00010]
11771583]

Silva JIMG, Botta AC, Barcellos DC, Pagani C, Torres CRG. Effect of
antioxidant agents on bond strength of composite to bleached enamel
with 38% hydrogen peroxide. Mater Res 2011; 14(2): 235-8.
[http://dx.doi.org/10.1590/S1516-14392011005000031]

Ferreira R, Nunes TV, Luiz BK, Garcia RN. Effects of catalase, 2%
chlorhexidine gel and 1% sodium hypochlorite on the microtensile
bond strength of teeth bleached with 35% hydrogen peroxide. Rev Sul-
Bras Odontol 2011; 8(3): 266-70.

Souza-Gabriel AE, Curylofo-Zotti FA, Scatolin RS, Corona SAM.
Post-treatment with high-power lasers to improve bond strength of
adhesive systems to bleached dentin. J Adhes Sci Technol 2017;
31(17): 1888-99.

[http://dx.doi.org/10.1080/01694243.2017.1289827]

Basir MM, Rezvani MB, Chiniforush N, Moradi Z. Effect of CO2, Nd:
YAG and Er: YAG lasers on microtensile bond strength of composite
to bleached-Enamel. Open Dent J 2016; 10(1): 148-57.
[http://dx.doi.org/10.2174/1874210601610010148] [PMID: 27385998]
Mohammadi Bassir M, Rezvani MB, Chiniforush N, Moradi Z. In
vitro evaluation of the effect of different laser irradiations on the
enamel surfaces of teeth treated with home bleach procedure. J Lasers
Med Sci 2013; 4(4): 168-74.

[PMID: 25606326]

Kinney JH, Haupt DL, Balooch M, et al. The threshold effects of Nd
and Ho: YAG laser-induced surface modification on demineralization
of dentin surfaces. J Dent Res 1996; 75(6): 1388-95.
[http://dx.doi.org/10.1177/00220345960750061001] [PMID: 8831634]
Oda M, Oliveira DC, Liberti EA. [Morphologic evaluation of the
bonding between adhesive/composite resin and dentin irradiated with
Er:YAG and Nd:YAG lasers: comparative study using scanning
microscopy]. Pesqui Odontol Bras 2001; 15(4): 283-9.
[http://dx.doi.org/10.1590/S1517-74912001000400003]
11787315]

Sazak H, Tirkmen C, Giinday M. Effects of Nd: YAG laser, air-
abrasion and acid-etching on human enamel and dentin. Oper Dent
2001; 26(5): 476-81.

[PMID: 11551012]

Ribeiro CF, Anido AA, Rauscher FC, Yui KCK, Gongalves SEDP.
Marginal leakage in class V cavities pretreated with different laser
energy densities. Photomed Laser Surg 2005; 23(3): 313-6.
[http://dx.doi.org/10.1089/pho.2005.23.313] [PMID: 15954821]

[PMID:

[PMID:

© 2023 The Author(s). Published by Bentham Open.

@ ®

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://dx.doi.org/10.1089/pho.2009.2509
http://www.ncbi.nlm.nih.gov/pubmed/19530908
http://www.ncbi.nlm.nih.gov/pubmed/15178881
http://dx.doi.org/10.3109/23337931.2016.1152901
http://www.ncbi.nlm.nih.gov/pubmed/28642912
http://dx.doi.org/10.15171/jlms.2017.34
http://www.ncbi.nlm.nih.gov/pubmed/29071025
http://dx.doi.org/10.1590/S2176-94512013000200020
http://www.ncbi.nlm.nih.gov/pubmed/23916438
http://dx.doi.org/10.5005/jp-journals-10024-2196
http://www.ncbi.nlm.nih.gov/pubmed/29208795
http://www.ncbi.nlm.nih.gov/pubmed/10477981
http://dx.doi.org/10.1177/00220345900690100501
http://www.ncbi.nlm.nih.gov/pubmed/2212209
http://www.ncbi.nlm.nih.gov/pubmed/11699184
http://www.ncbi.nlm.nih.gov/pubmed/9461903
http://www.ncbi.nlm.nih.gov/pubmed/8152982
http://www.ncbi.nlm.nih.gov/pubmed/15536850
http://dx.doi.org/10.1016/S0099-2399(06)81288-4
http://www.ncbi.nlm.nih.gov/pubmed/8151246
http://dx.doi.org/10.1097/00004770-200112000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11771583
http://dx.doi.org/10.1590/S1516-14392011005000031
http://dx.doi.org/10.1080/01694243.2017.1289827
http://dx.doi.org/10.2174/1874210601610010148
http://www.ncbi.nlm.nih.gov/pubmed/27385998
http://www.ncbi.nlm.nih.gov/pubmed/25606326
http://dx.doi.org/10.1177/00220345960750061001
http://www.ncbi.nlm.nih.gov/pubmed/8831634
http://dx.doi.org/10.1590/S1517-74912001000400003
http://www.ncbi.nlm.nih.gov/pubmed/11787315
http://www.ncbi.nlm.nih.gov/pubmed/11551012
http://dx.doi.org/10.1089/pho.2005.23.313
http://www.ncbi.nlm.nih.gov/pubmed/15954821
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/

	The Effect of 10% Sodium Ascorbate and Er: YAG Laser on the Microtensile Bond Strength of Composite Resin to Bleached Enamel 
	[Background:]
	Background:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Population
	2.2. Study Protocol
	2.3. Statistical Analysis

	3. RESULTS
	3.1. Characteristics of the Study Population

	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




