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ARTICLE INFO ABSTRACT

Keywords: Aim: The aim of the present in-vitro study was to explore bleached enamel reversal with phototherapy
Phototherapy (Er,Cr:YSGG) when using two dissimilar bonding system to bond brackets on microleakage and shear bond
Sodium ascorbate strength.

Microleakage

Material and Methods: Amongst one twenty samples, ninety samples were bleached using 35% hydrogen per-
oxide. After the bleaching procedure, the teeth were randomly divided into three groups according to surface
conditioning treatment (n = 30 each). Group 1: treated with Er,Cr:YSGG (ECL) Group 2: 10% sodium ascorbate
(SA) and Group 3: Bleached only (BO). Based on the type of adhesive, specimens were further classified into
eight subgroups. In subgroup 1,2,3 and no treatment (NT) (n = 15) adhesive Transbond XT was applied on
already etched surface and these subgroups were named as NT-TEP, BO-TEP, ECL-TEP and SA-TEP. Similarly, in
subgroup 5,6,7 and NT specimens (n = 15) were conditioned with Transbond Plus self-etching primer and these
subgroups were named as NT-SEP, BO-SEP, ECL-SEP and SA-SEP. Samples from each subgroup were exposed to
increasing load for evaluation of shear bond strength. Microleakage among subgroups were tested by immersing
samples in Methylene blue prior one day. Analysis of variance and Tukey multiple comparisons test was used to
assess data.

Results: The maximum and minimum bond strength was observed in group NT-TEP [17.14(2.54)] and BO-SEP
[6.14(0.215)] respectively. Samples conditioned with phototherapy ECL-TEP [16.14(1.231)] exhibited com-
parable bond strength to specimens conditioned with sodium ascorbate (SA-TEP) [16.72(1.298)]. Similarly,
bond strength values of ECL-SEP [13.43(0.921)] and SA-SEP were comparable. The highest microleakage score
was demonstrated in BO-SEP [83.21(38.21)] whereas, the lowest microleakage scores were displayed in NT-TEP
[23.73(13.45)].

Conclusion: Er,Cr:YSGG phototherapy reversal on bleached enamel with etch and rinse adhesives has a potential
to be used in clinical settings alternate to conventional sodium ascorbate when bonding orthodontic brackets.

Bond strength
Bleached enamel

1. Introduction procedures are safe and in recent times have gained more popularity

and acceptance both by the clinician and patients [4]. However, there

Dental bleaching in orthodontics plays a significant role in im- are some undesirable effects of bleaching which have been already

proving dental aesthetics and is one of the most conservative treatment reported in the literature. These effects may range from increase tooth

procedures [1,2]. For in-office and home, whitening procedure hy- sensitivity, gingival burning, erosion of the enamel, increase enamel
drogen and carbamide peroxide are the agents of choice [3]. Bleaching porosity and decrease bond strength [5,6].
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The reduce bond strength after bleaching is due to residual peroxide
which may interfere with resin attachment and formation of free ra-
dicals which may inhibit polymerization [7,8]. Therefore, it is advisable
to delay bonding procedure for a period of 3—-4 weeks [9].However not
always this waiting time is possible due to busy working hours of the
dentists, personal patient commitments and feasibility issues. Con-
ventionally, 10% sodium ascorbate is used to reverse the effect and
eliminate free radicals after bleaching procedures and improve bond
strength but there use in dental practice is limited [10-13].Conversely,
the type of adhesive also plays a deciding role when bonding to
bleached enamel [14].

Adhesive technology has evolved with time and has directed to the
progression of multimode adhesives. A clinician can accustom to any of
the adhesive for bonding of bracket according to their expertise and
case [15]. Conventional etch and rinse adhesives has an advantage of
less technique sensitive, unlimited working time and setting on demand
which allows accurate bracket placement [16,17]. Similarly, newly
formed self-etching adhesives reduce and simplifies bonding steps, de-
creases saliva contamination but are more technique sensitive [16,17].

Contemporary laser strategies, in the form of Erbium, chromium-
doped yttrium, scandium, gallium and garnet (Er,Cr:YSGG) have been
recently used in different dental treatments and have shown convincing
results [18-20]. It is observed that Er,Cr:YSGG has a better affinity with
water and hydroxyapatite crystals hence, it is well absorbed by enamel.
The laser causes minimal thermal damage to the pulp, has better gin-
gival contouring and improved cut surface [21]. Er, YAG has found to
improve bond strength on bleached enamel and have shown encoura-
ging result [22].

Research shows there is limited evidence on reversal potential of
Er,Cr:YSGG on bleached enamel. Additionally, controversial evidence
exists on the influence of orthodontic adhesive on shear bond strength
and microleakage scores to bleached enamel. It is hypothesized enamel
reversed with phototherapy will exhibit comparable outcomes related
to conventional sodium ascorbate when using, unlike bonding system.
Thus, the purpose of the present in-vitro study was to explore bleached
enamel reversal with phototherapy (Er,Cr:YSGG) when using two dis-
similar bonding system to bond brackets on microleakage and shear
bond strength.

2. Material and methods

This research follows the general guidelines as described in the CRIS
(checklist for Reporting In-vitro Studies). A total of one-twenty intact
maxillary permanent premolars free from any restoration, carious le-
sion, cracks and endodontic treatment were kept in a thymol solution of
0.01% at 37C for 1 week and then transferred to distilled water at 4C
until preparation. Periodontal scaler (Sonic flex 2000, Biberach,
Germany) was used for removal of tissue debris and organic remnants.
Each premolar specimen was then rinsed and mounted in a vertical
direction inside the sections of polyvinyl chloride pipe (7 mm diameter)
in acrylic resin (Meliodent,Heraeus/Kulzar Hanau, Germany) up to
cement-o-enamel junction (CEJ) exposing only the buccal surface of the
clinical crown. Additionally, the buccal surface of all premolar teeth
was grounded to a depth of 1mm for enamel standardization.
Moreover, a flat surface of (2 x 2 mm) on the buccal surface of exposed
enamel was prepared by polishing with 600 grit carbide silicon paper
over a 250 rpm rotating polishing machine (Automet 250 Pro, Buehler)
underneath the water for 15seconds.

Amongst one twenty samples, ninety samples were bleached using
35% hydrogen peroxide (HP) (Total Blanc Office H35/Nova DFL Batch
No0.12050770). A thin coating of bleaching gel (2 mm) was applied in a
solo session two times in an luninterrupted and moisture free surface
for twenty minutes each on the buccal surface and removed with a
cotton pellet, rinsed with water and air dried. After the bleaching
procedure the teeth were randomly divided into three groups according
to surface conditioning treatment (n = 30 each). Group 1: treated with
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Er,Cr:YSGG (ECL) Group 2: 10% sodium ascorbate (SA) and Group 3:
Bleached only (BO), The protocol used for these groups were as follows:

Group 1 (ECL): Thirty bleached samples were exposed to
Er,Cr:YSGG phototherapy (Biolase-Waterlase I-Plus) with power 4.5 W
and frequency 30 Hz for one minute from a distance of 2 mm in a non-
contact mode using (tip MZ = 8) [19].

Group 2 (SA): Thirty bleached specimens were exposed to 10% so-
dium ascorbate (Merck, Germany). Sodium ascorbate in 10 ml solution
at pH 7.5 was dispensed on buccal bleached surface of premolars with a
speed of 1 ml/min with immediate rinsing of water and drying.

Group 3 (BO): The samples in this group were not conditioned with
anything after bleaching procedure with 35% hydrogen peroxide (HP)
(Total Blanc Office H35/Nova DFL Batch No.12050770). This group
was classified as a negative control.

No treatment (NT) group: The specimens in this group did not un-
dergo bleaching or any other surface conditioning. They were kept in
artificial saliva (Oasis, Aquoral) for 1 week before bonding of the
brackets. This group was classified as positive control.

According to the type of adhesive, specimens were further classified
into eight subgroups. In subgroup 1,2,3 and NT (n = 15) samples were
etched with 37% phosphoric acid (3 M ESPE) for 30 s washed and dried
until chalky white appearance. An adhesive primer Transbond XT (3 M
Unitek,Monrovia, Calif) was applied on the etched surface and these
subgroups were named as NT-TEP,BO-TEP,ECL-TEP and SA-TEP.
Similarly, in subgroup 1,2,3 and NT specimens (n = 15) were condi-
tioned with Transbond Plus self-etching primer (3 M Unitek, CA, USA).
The system consists of two compartments mixed together to form a
single paste which was rubbed on the buccal surfaces of the tooth for
15seconds and dried with compressed air for 1-2 s. These subgroups
were named as NT-SEP, BO-SEP, ECL-SEP and SA-SEP.

Pre-adjusted edgewise appliance (PEA) metal brackets for maxillary
premolars dimensions 0.022 X 0.028 MBT slot mesh size 80gauge
(Gemini 3 M Unitex Monorovia, Calif) were used for bonding. All spe-
cimens from subgroups were bonded with Transbond XT composite
paste (3M Unitek, Monrovia, Calif) and light-cured (Bluephase C8,
Ivoclar Vivadent, Schaan, Liechenstein) at an intensity of 750 mW cm-?
for 20 s with direction of the light beam directed towards mesial and
distal faces for 10 s each. The bonding was done by a single operator to
avoid intra operator variations. After the procedure, all the specimens
were placed in artificial saliva (NeutraSal) at 37C for 24 h and under-
went accelerated ageing thermocycling (TC) between 10 and 60 °C for
5000 cycles for 30 s before testing shear bond strength.

2.1. Shear bond strength (sbs) outcomes

To evaluate sbs (n = 10 samples each subgroup) were exposed to
increasing load at occluso- gingival direction at the junction of bracket
and tooth interface at a transversal velocity of 1 ml/min on a universal
testing machine (Instron Model 4400 Universal Testing System, Instron
Corporation).

2.2. Microleakage outcomes

Prior to microleakage testing (n = 5) samples from each subgroup
were engrossed in methylene blue dye for one day in a dark environ-
ment away from light. An isomet (Buehler Isomet 2000 Germany) was
used to section the samples without dislodgement of the brackets in a
buccolingual direction. A polishing machine (Buehler Polishing
Machine type: 49-5100-230, Buehler, Germany) was used to smoothen
the surfaces. The samples were cleaned with distilled water (Pure Steam
Distilled H20 - 1100 ml by Innovative Naturopathics) and air dried. A
binocular microscope (Olympus® SZH10, Tokyo, Japan) at 40X mag-
nification was used to evaluate microleakage in specimens.

The data were assessed for normality using Kolmogorov Smirnov
test and the data was found to be normally distributed. The influence of
different conditioning treatment of bleached enamel along with
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Table 1
Means and SD for Shear Bond strength values among study groups using
ANOVA and Tukey multiple comparisons test.

Surface treatment/ Type of adhesive Mean (Mpa) SD (Mpa) P value '
NT-TEP (Positive Control) 17.14 2.54

NT-SEP (Positive Control) 14.25 1.27

BO-TEP (Negative Control) 8.21 0.421 < 0.001
BO-SEP (Negative Control) 6.14 0.215

ECL -TEP ' 16.14 1.231

ECL -SEP * 13.43 0.921

SA-SEP 13.21 0.854

SA-TEP ' 16.72 1.298

NT: No treatment, TEP: Total etch primer, SEP: Self etch primer, ECL: Er, Cr:
YSGG, BO: Bleached Only, SA: Sodium ascorbate.
The highest and lowest SBS values are in bold.
(Tukey multiple comparison test).

" Significantly different from groups- BO-TEP, BO-SEP, ECL-SEP, SA-SEP, SA-
TEP, NT-TEP, NT-SEP (p < 0.05).

* Significantly different from all other groups (p < 0.05).

1 Significantly different from groups- BO-TEP, BO-SEP, ECL-TEP, SA-TEP,
NT-TEP, NT-SEP (p < 0.05).

' Showing significant difference among study group (ANOVA).

different adhesives was analyzed using statistical program for social
sciences (SPSS). Furthermore, analysis of variance (one-way- ANOVA)
and post hoc Tukey multiple comparisons test was used to compare the
bond strength and microleakage scores among the experimental groups.
p < 0.05 was a statistical significance among the experimental groups

3. Result

Means and standard deviations of shear bond strength (sbs) and
microleakage scores are exhibited in Tables 1 and 2.

3.1. Shear bond strength

Maximum and minimum shear bond strength was observed in group
NT-TEP [17.14(2.54)] and BO-SEP [6.14(0.215)] respectively. Samples
conditioned with phototherapy ECL-TEP [16.14(1.231)] exhibited
comparable bond strength to specimens conditioned with sodium as-
corbate (SA-TEP) [16.72(1.298)]. Similarly, bond strength values of
ECL-SEP [13.43(0.921)] and SA-SEP were comparable. For bond
strength scores, analysis of variance (ANOVA) showed a significant
difference among the study groups (p < 0.001). ECL-TEP and SA-TEP

Table 2
Means and SD for Microleakage values among study groups using ANOVA and
Tukey multiple comparisons test.

Surface treatment/ Type of Primer Mean (nm) SD (nm) P value'
NT-TEP (Positive Control) 23.73 13.45
NT-SEP (Positive Control) 29.89 16.27
BO-TEP (Negative Control) 75.41 31.16 < 0.001
BO-SEP (Negative Control) 83.21 38.21
ECL -TEP ' 33.54 17.41
ECL -SEP ' 43.68 26.85
SA-SEP 41.69 23.14
SA-TEP ' 31.78 18.82

NT: No treatment, TEP: Total etch primer, SEP: Self etch primer, ECL: Er, Cr:
YSGG, BO: Bleached Only, SA: Sodium Ascorbate.
The highest and lowest SBS values are in bold.
(Tukey multiple comparison test).

¥ Significantly different from groups- BO-TEP, BO-SEP, ECL-SEP, SA-SEP, SA-
TEP, NT-TEP,NT-SEP (p < 0.05).

* Significantly different from all other groups (p < 0.05).

I Significantly different from groups- BO-TEP, BO-SEP, ECL-TEP, SA-TEP,
NT-TEP, NT-SEP (p < 0.05).

' Showing significant difference among study group (ANOVA).

346

Photodiagnosis and Photodynamic Therapy 25 (2019) 344-348

were found to be significantly higher than BO-TEP, BO-SEP, ECL-SEP,
SA-SEP, SA-TEP, NT-TEP, NT-SEP (p < 0.001). Similarly, bond
strength of NT-TEP, NT-SEP, BO-TEP, BO-SEP was statistically sig-
nificant compared to all other groups. Bond strength values in bleached
samples only (BO) was significantly lower compared to all other groups
(Tablel).

3.2. Microleakage outcomes

Significant difference among the study group was established re-
garding microleakage scores (Table 2). The highest microleakage score
was demonstrated in BO-SEP [83.21(38.21)] whereas, the lowest mi-
croleakage scores were displayed in NT-TEP [23.73(13.45)]. For mi-
croleakage values, analysis of variance (ANOVA) showed a significant
difference among the study groups (p < 0.001). Microleakage scores in
samples of group ECL -TEP was comparable to specimens in group ECL-
SEP. Moreover, microleakage in BO-SEP and BO-TEP was highest
amongst all groups. Furthermore, microleakage in groups ECL-SEP and
SA-SEP was statistically different from groups BO-TEP, BO-SEP, ECL-
TEP, SA-TEP, NT-TEP and NT-SEP (p < 0.001).

4. Discussion

In the present study different surface treatment was used for the
reversal of bleached enamel bonded with orthodontic brackets using
different adhesives. The bonding efficacy was evaluated using shear
bond strength testing whereas, by means of dye penetration test mi-
croleakage scores were assessed. The current study was constructed on
the hypothesis that enamel reversed with phototherapy Er,Cr:YSGG will
exhibit comparable outcomes related to conventional sodium ascorbate
when using different bonding system. Captivatingly, this hypothesis
was accepted as bleached enamel conditioned with phototherapy using
laser unveiled comparable microleakage and shear bond strength
scores.

Laser phototherapy in the form of Er,Cr:YSGG had already been
used in dentistry to condition different dental materials and tooth
structure and their results are overwhelming [18,23,19]. The laser is
safe, convenient, efficient and conservative treatment modality for hard
and soft dental tissues of the oral cavity [24]. Er,Cr:YSGG exhibits
bactericidal action when used to condition tooth structure [25]. In the
present study, bleached enamel lasered with Er,Cr:YSGG showed com-
parable bond strength to specimens conditioned with 10% sodium as-
corbate. A credible explanation for these outcomes is that when the
enamel is treated with Er,Cr:YSGG it produces scaly rugged appearance
free from smear layer [26,27]. This results in easy penetration of the
adhesive. Secondly, micro explosion on the enamel due to thermal ef-
fect of phototherapy results in the removal of free radicals and oxygen
making mechanism of bonding more favourable [28]. However, pre-
vious studies using Er,YAG laser on bleached enamel did not show
significant difference between bond strength [29,30]. This can be ex-
plained by different laser parameters i.e., frequency, power, pulse,
duration and distance which may influence the outcome [27,26].

Shear bond strength was measured in the present study using uni-
versal testing machine. It is an in-vitro quantitative method which
maintains consistency and standardization and delivers swift and pre-
cise data on detailed parameters [31]. Two different adhesives were
used i.e., Transbond XT (TEP) and Transbond Plus self-etching (SEP)
primer for bonding of orthodontic brackets. Trandbond XT demon-
strated better bond strength score over all, among all experimental
subgroups. In authors opinion, a logical explanation of total-etch
having better bond strength scores among different groups is additional
etching step improving micromechanical retention, complete removal
of smear layer and better penetration of the adhesive [15,32]. In ad-
dition, multiple factors have been reported previously which influences
bond strength i.e., type of bracket, enamel quality, curing time, method
of curing, type of adhesive and aging process [33].
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Microleakage among specimens were assessed using dye penetration
test. It is the most widely used, cost-effective, non-toxic and easiest
available technique to detect microleakage [34]. In the current study
microleakage score in ECL-TEP was significantly lower than BO-TEP
and comparable to AS-TEP. Microleakage is dependent on multiple
factors i.e., coefficient of thermal expansion, type of bonding agent,
polymerization shrinkage, surface topography and location of margins
[35,15].Comparable microleakage scores between specimens ECL-TEP
and SA-TEP can be ascribed to increase surface roughness of the enamel
after phototherapy using laser resulting in better adaptation of the
adhesive [36]. Moreover, Er,Cr:YSGG at wavelength 2240 nm is better
absorbed by enamel and forms smear free layer hence it decreases
microleakage. Moreover, highest microleakage scores in BO-TEP can be
credited to presence of free radicals which inhibits penetration of ad-
hesive and inhibits polymerization [37].

Interestingly, Transbond Plus self-etching (SEP) displayed the
highest microleakages scores among all experimental group. A plausible
explanation to this finding is that Transbond Plus is free of organic
solvents i.e. water-based, hence results in decrease micromechanical
retention [38]. Furthermore, evidence suggests self-etch primer com-
promises the extent and depth of etching pattern, hence increasing
microleakage scores [38].

The present study has restraints based on its invitro design. The
outcomes of the current study are applicable only on the type of ad-
hesive, quality of enamel, phototherapy used and type of orthodontic
brackets. In authors knowledge this is a maiden study hence more work
should be done on surface profilometry along with surface topography
using a scanning electron microscope (SEM) on reversal of bleached
enamel with phototherapy. The effect of acetone-based adhesive should
also be assessed on bleached enamel. Furthermore, more studies are
needed to extrapolate the findings of present study.

5. Conclusion

Er,Cr:YSGG phototherapy reversal on bleached enamel with etch
and rinse adhesives has a potential to be used in clinical settings al-
ternate to conventional sodium ascorbate when bonding orthodontic
brackets.
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