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ABSTRACT

Introduction: In dental esthetics we strive towards mimickingd acustomising a
restorative treatment which will harmonize with urat The most common drive for
improvement in the smile is due to the discolorataf the teeth. Tracing back,
bleaching has been used successfully since itpfioce Though there is enormous
advancement in the procedures and materials incatgmb for the bleaching
techniques, the lengthy procedural time and suppheah appointments required are
still a daunting problem. To cut through the saastivation of the bleaching agents
to allow for a quicker treatment was postulatedfddent light sources like halogen
curing lights, Plasma arc lamp, Xn-halogen light drasers have been used for
activation of the bleaching gel.Out of these, ditakers have gained popularity due
to their cost-efficiency and ease of use. Also,abheng has shown to have a
compromised bonding to composite restoration. Addiants like sodium ascorbate
have been used to reverse the bond strength ardshawn promising results.
Methodology: Sixty four extracted teeth were used for the wtlB8¥V.5% hydrogen
peroxide bleaching gel was applied to the labialase of the teeth. The specimens
were divided into 2 groups, group 1 and group 2uprl was irradiated with 445nm
wavelength diode laser and group 2 was irradiatéd @70 nm wavelength diode
laser. The groups were further divided into subgsobased on the application of
antioxidant as 1A, 1B, 2A, 2B. The specimens wedrent etched ,bonded and
composite restoration of 5mm thickness was plad®é. specimens were tested for
shear bond strength using a universal testing macfihe intergroup comparison was
done using two way ANOVA and the intragroup anaysias done using Tukey’s

multiple post hoc test.
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Results: The shear bond strength was the highest when 44boae laser was used

and 10% sodium ascorbate gel was applied as atioki

Conclusion: The bonding of composite resin is better when 44%vamelength of
diode laser is used for activation of the bleaclaggnt. Also, 10% sodium ascorbate

gel provides for effective bonding to the bleackadmel.

Key words: Diode laser, sodium ascorbate, Bleaching.
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I ntroduction

INTRODUCTION

Smiling is one of the most important facial express, a non verbal
parameter of communication correlating joy and etith!Each mind perceives

beauty differently, and hence it is aptly quotegaBty is in the mind of the beholder’

Esthetics encompasses beauty in everything we®esr. a period of years,
there has been a gradual percolation of it intdigien. Today it has evolved from the
choice of the class to the choice of the mass ngakithe spine support of dentisfry.

In dental esthetics we strive towards mimicking andtomising a restorative
treatment which will harmonize with nature. Thiseres that the reestablished new
smile not only highlights the esthetic featurest dlso adapts to the patient’s life
style, job, and social positich.

Current aesthetic dentistry emphasizes the implétien of philosophy to
preserve the remaining tooth structure to achidwe most esthetic outcome.
Amalgamation of the enhanced restorative techniquesision oriented technology,
evolving material science and evidence backed kedgé ensures and enables us to
obtain healthy, functional and esthetic smfles.

The most common drive for improvement in the sm#edue to the
discoloration of the teeth. The modalities of tneamt for combating discoloration
vary over a large spectrum with regards to itsrirgation? The American Academy
of cosmetic dentistry reported a notable 90% ptgievho opted for bleaching as a
treatment choic@.

Tracing back, bleaching has been used success$iige its inception.
Though there is enormous advancement in the proesdund materials incorporated

for the bleaching techniques, the lengthy procdduimme and supplemental
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I ntroduction

appointments required are still a daunting probfeffo cut through the same,

activation of the bleaching agents to allow fougcker treatment was postulated.

Comprehensive research in view of this threw lightthe use of different
types of sources for activation of the bleachiggrd like halogen curing lights,
Plasma arc lamp, Xn—halogen light and LaSeEsolution in the technology today
have made lasers a knight in shining armour wiplieit advantages of being user

friendly and predictablé.

Different types of lasers have been time tested tler activation of the
bleaching gel, of which the KTP lasers have emergedive promising results.
However, considering the cost-efficiency and anealdddvantage of being used as a

soft tissue as well as hard tissue laser, diod=sasave gained populartly.

The wavelengths used for bleaching include 970r89, m, 467nm, 445nm,
915nm, 940nm and 415nm of which the 445nm and 9@Gave shown efficacious
results. These wavelengths have been researcheddirally for the efficacy of
bleaching but have not been compared in respetheoeffect they have on the

bonding of composite restoration to the bleachethtd

Also, bleaching has shown to have a compromisedlibgnto composite
restoration. Antioxidants like sodium ascorbateehbeen used to reverse the bond

strength and have shown promising restilts.

Till date, there has been no study documentingiieeof an antioxidant on the
bleached tooth after laser-assisted bleaching twith different wavelengths and the

effect of the same on the bonding of compositeoratbn.
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Aim & Objectives

AlM & OBJECTIVES

AlM

* To evaluate and compare the effect of 10% sodiucorbate on the shear
bond strength of composite resin after laser assifieaching using two

different wavelengths — 445 nm and 970 nm.

OBJECTIVES

* To evaluate the effect of sodium ascorbate on tmears bond strength of

composite resin after laser assisted bleachinggugls nm wavelength

 To evaluate the effect of sodium ascorbate on thears bond strength of

composite resin after laser assisted bleachingyu8ir0 nm wavelength

« To compare the shear bond strength of composit@ =fser application of

sodium ascorbate using 445 nm and 970 nm waveldaggh assisted bleaching.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS

There is no difference in the shear bond strengtomposite resin with the
application of sodium ascorbate after laser asbisleaching using two different

wavelengths — 445nm and 970nm

ALTERNATE HYPOTHESIS

There is a difference in the shear bond strengtboafiposite resin with the
application of sodium ascorbate after laser asbisleaching using two different

wavelengths — 445 nm and 970 nm
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2.

Review of Literature

REVIEW OF LITERATURE

An invitro investigation was performed to check #ffectiveness of bleaching
on activation using diode lasers and LED. laser BE® when compared
regarding the change in the shade when advocatatifferent bleaching
agents. The diode laser turned out to be on aehigille as compare to the
LED in chroma as well as luminosity.

An invitro study done to evaluate the temperatise on the surface and the
pulp after using diode lasers in association ofatiéng concluded that,
bleaching gels catalysed by diode lasers in Poveaching turn out as potent
insulating material, thereby curbing greater inseen temperatures inside the
pulp chamber. Also, diode lasers used to activigadhing gels are harmless
to the pulp to any power setting below 2%V.

An invitro investigation was done to analyze foe thicrohardness of enamel
after laser assisted bleaching using diode ladessmeelengths810nm and 980
nm. It was concluded that the 980nm wavelengthexhasgreater decrease in
the microhardness of the tooth. The demineralipatias attributed to lesser
concentrations of calcium and phosphorous and greatncentrations of
sodium and chloride ions in the bleaching d&ls.

An-in vitro study was done using three differentti@axidants, sodium
ascorbate, alpha tocopherol and hesperidin. They stiescribed that laser
assisted bleaching revealed and unaltered bonagstreralues. This was due
to accelerated elimination of residual free oxygedicals as a result of
temperature rise caused by laser application. Askdzh up by evidence,

ascorbic acid reinstitutes the hampered bondingt asodifies the redox
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Review of Literature

potential of the oxidized bonding substrate that/tes for polymerization of
adhesive resin via avoidance of its premature temtion. Molecular structure
of ascorbic acid contains 4 OH groups that can worgdrogen to an
oxidizing system. Also, it was summarized that thismber of hydroxyl
groups is quiet sufficient to regain back the eradibond strength post teeth
bleaching’

. The bond strength of composite to bleached enarftet application of
sodium ascorbate was evaluated in an in vitro inyagon. A one-week
impediment in bonding post bleaching brings abaaversal of diminished
bond strength, according to the findings. Treatmafnthe bleached enamel
surface with 10% sodium ascorbate, on the othed heeverses the reduced
bond strength and may be a better option than postbbonding, especially if
the restoration is to be finished immediately gmeaching"

. An in vitro study looked at the potency of light-#ting diode and diode laser
for enhancing teeth whitening treatment. It wascalered that using a
bleaching gel with light activation brought aboytesdy and thorough
bleaching as compared to using a bleaching gel'8nly

. The shear bond strength of composite resin to twhtfollowing laser
triggered bleaching with various activation soureess tested in an in vitro
investigation. It was established that hydrogeroxiee activation reduces the
bond strength of the composite resin to the toon#tessitating a 1- 2 week
waiting period for complete bond reversal.

. The efficacy, benefits, and adverse effects ofvatgid bleaching techniques
were studied in a systematic review. Heat- andtdggiivated bleaching

procedures were likely to produce pulp irritatitinheat or light activation is
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Review of Literature

used, it is strongly recommended that you follow tjuidelines prescribed by
the manufacturer and keep the heat activation tona minimum to avoid
pulpal reactiong®

9. The effect of laser-activated bleaching with 445 and 915 nm diode lasers
on enamel micro-hardness was evaluated in an ansturdy published in the
journal of Photodiagnosis and Photodynamic Theray.inferred by the
findings, diode laser of wavelength 445nm reduttes microhardness of
enamel less than 915nm laser after laser assisoél whitening’’

10.The temperature changes in the pulp chamber diegching treatments
were measured using diode lasers with wavelendt#&® nm and 970 nm
and varied powers. It measured temperature chamgjag diode lasers with
wavelengths of 970 nm at 1.5 W, 970 nm at 2 W, ddbat 1 W, and 445 nm
at 1.5 W. The study indicated that temperature fid®wing diode laser
bleaching at wavelengths of 970 nm and 445 nm ithimviacceptable
standards, and these wavelengths alongwith themeters employed of this
investigation can be used as safe clinical bleachincedure&’

11.An in vitro study looked at how far the bleachingl genetrated the tooth,
giving insight into the pulpal damage. The mostgtstion was seen with the
traditional in-office bleaching process (2.232 @B9while the least was
noticed with diode (1w) laser-assisted bleachingg100.28g). As a result,
diode laser activated bleaching is safer thantirail in-office bleaching®

12. Aftereffects on the enamel and pulp and the potémégboratory settings and
in patients, were established in a comprehensivetesyatic study. It
summarised that diode lasers have been employddder assisted bleaching

in a variety of wavelengths and power settings. &tfectiveness of bleaching
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is also dependent on the bleaching gel, the wagtieof the laser used for
irradiation, and the laser's power settiffgs.

13.An in vitro study looked at the binding strength léached enamel using
sodium ascorbate solution and gel form. It wasalisced that both the two
different viscosities of sodium ascorbate can dyaaiprove the bonding of
resin composite to enamel following bleaching. sodiascorbate (10%) and
sodium ascorbate (20%) have similar effectiverigss.

14.The efficiency of laser induced bleaching utilisaligde laser, Nd: YAG laser,
and the conventional approach was evaluated imwno investigation on
sixty patients. The laser devices delivered goodadiiing efficacy, but
increased the intrapulpal temperature accordirtgecstudy’*

15.An elaborate systematic review and meta-analysisdegae on the sensitivity
of the bleached tooth after laser assisted blegchirwas put forward that,
laser assisted bleaching could be a precursoetsehsitivity of the teeth after
vital bleaching. However, a consensus couldn’t dféeved with the available

evidence and hence further researched is expettaisicoursé®

Page 8



Materials and Methods

MATERIALSAND METHODS

The study was conducted in the Department of Guatee Dentistry and

Endodontics, KAHER’S Vishwanath Katti Institute Déntal Sciences, Belagavi

Specimens were evaluated under the Universalntgesthiachine at Praj

Metallurgical laboratory, Pune.

Extracted human maxillary central incisor teeth revecollected from
Department of Oral and Maxillofacial Surgery, KAHERVishwanath Katti Institute

of Dental Sciences, Belagavi

10 % sodium ascorbate gel was formulated in the KCéllege of Pharmacy
Belagavi.
Inclusion criteria

» Teeth with intact crown with no caries, any pregoastoration.

» Teeth which have not been root canal treated pusiyo

» Teeth which do not have any visible cracks or frees of the crown portion.

» Teeth without anomalies like fusion, dens in deartd enamel hypoplasia

» Teeth without any discoloration like fluorosistetracycline stains.

Exclusion criteria

* As observed under 10x magnification of stereommope, teeth with cracks

or fractures.
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Materials and Methods

MATERIALS

* Human maxillary central incisor teeth

* 0.1% thymol, 0.9% saline (Baxter NS Sodium Chlotid€®.9% W/V)

* 10% sodium ascorbate gel

» Acrylic resin(Dental Products of India)

» 37.5 % Hydrogen peroxide gel (Pola Office plus SDI)

* 37% phosphoric acid etchant gel (Ivoclar Vivadent)

« Universal bonding agent (3M ESPE)

» Composite resin (3M ESPE)

ARMAMENTARIUM:

Micromotor (NSK)

+ Diamond disks

» Universal testing machine

» diode laser (Siro blue diode laser, Dentsply Siyona

* Microbrush (Dentext)

e Curing Light ( Woodpecker)
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Materials and Methods

SAMPLE SIZE ESTIMATION

Standard deviation in the Ist group S1 = 2.5
Standard deviation in the 1Iind group S2 = 1.6
Mean difference between Ist and lind sample = 2.2
Alpha Error(%) = 1 (Zalpha=2.58)

Power(%)= 95 (Zbeta=1.642)

sided = 2

Using the following formula, sample size was caitedl as,

N= 2S[Z quz +Zupl’
d2

Number needed (n) = 32 in each group

SAMPLING PROCEDURE

The specimens were segregated with strict randtooadion into groups and

the sampling technique employed for the same watisthge sampling technique.

STATISTICAL TEST

The results were analyzed statistically using,

* Two way ANOVA test for Intergroup analysis

» Tukey’s multiple Post Hoc test for Intragroup arsidy
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Materials and Methods

DETAILS OF THE PROCEDURES CONDUCTED DURING THE

RESEARCH:

Sixty four extracted human permanent maxillary k@ntincisors were
incorporated in the study strictly abiding to timelusion and exclusion criteria. The
included teeth were then observed for any cracks fractures under a

stereomicroscope with 10X magnification.

All teeth used for the study were disinfected ih%.thymol solution, cleared

of calculus and soft tissue and stored in 0.9%sablution till use.

Sectioning of the teeth was done at the level ofm2below the cemento-
enamel junction with the help of a diamond diskemcbntinuous water cooling. The
coronal portions of the teeth were embedded in@eld acrylic resin blocks with
the help of metal moulds (2 centimetresx3 centiegdtwith the labial surface facing
upwards. Enamel was wet ground using sandpapes dskachieve flat uniform

surface.

After flattening of the labial enamel, the bleachiel (Pola Office plus SDI)
consisting of 37.5% hydrogen peroxide was appliedniform thickness following

the guidelines prescribed by the manufacturer fiima period of 8 minutes

The allocation of samples were done into 2 grog®kows :

Group 1 — Teeth which were exposed to a waveleo§td4d5nm of diode laser

(DENTSPLY SIRONA)

Group 2 — Teeth which were exposed to a wavelen§td70 nm of diode laser

(DENTSPLY SIRONA)
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Materials and Methods

The teeth in the group 1 were irradiated with treevelength of 445nm and
power 2W of the diode laser (DENTSPLY SIRONA) fd@& Seconds. The teeth in the
group 2 were irradiated with the wavelength of @n0® and power 2W of the diode

laser (DENTSPLY SIRONA) for 30 seconds.

Sodium ascorbate gel, the antioxidant was formdlatethe KLE Pharmacy
College by dispersion of Carbopol 974P in watengasiltrasonic water bath with a
continuous stirring motion. Following the dispersi@scorbic acid was introduced
into the solution and complete dissolution of taene was achieved. To neutralize the
ph and increase the viscosity of the gel, sodiudirdwide was incorporated into it.
The gel was kept in small airtight bottles and sswmused within 24 hours of its

preparatiorf®

Group 1 and Group 2 were then divided into two sobgs A and B,
depending on the application of 10% sodium ascerlat. 1 hr after the bleaching
procedures, the specimens in the subgroup 1B ande?B coated with 10% sodium

ascorbate gel using a microbrush.

Subgroup 1A — Teeth were exposed to wavelengddbfnm without application of

sodium ascorbate.

Subgroup 1B — Teeth exposed to wavelength of 445atlowed by application of

sodium ascorbate.

Subgroup 2A - Teeth exposed to wavelength of 97Quitimout application of sodium

ascorbate.
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Materials and Methods

Subgroup 2B - Teeth exposed to wavelength of 970fallowed by application of

sodium ascorbate.

The sodium ascorbate gel was kept for a periodOomih. The specimens

were washed under running water and gently dried.

All the specimens were etched for 15 sec using pA&sphoric acid etchant
gel rinsed under running water and gently driedo Dweats of universal adhesive (3M
ESPE) were applied on the bleached enamel surtesteg disposable microbrushes.
A mold of (5mmx5mmx5mm) was positioned in the m&ddégion of labial surface
and a 5mm thick layer of composite resin was hwltwith incremental layering
technique, wherein each increment was cured fors@0onds. After this, the
specimens were incubated for 7 days and were siordidtilled water till they were

tested.

The bond strength was tested using the Universatinige Machine (UTM)
with a cross-head speed of 0.5mm/min at Praj Mewittal Laboratory,Pune. The
specimen was secured with resin to a modifiedriggig attached to the UTM. Each
specimen was forced to failure and the force meguior debonding was divided by

the bonded area of the specimens to express tliest@ngth values in MPa.
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Materials and Methods

Flowchart:

Sixty fourextracted hume maxillary central incisor teeth were selected. Tiveye
disinfected in 0.1% thymol solution, cleaned ofcadlis and soft tissues and stored
in 0.9% saline till use

\ 4
Inclusion and exclusion criteria were strictly addby during the teeth select

\4

Roots of the central incisors were sectioned 2miovbeementoenamel junction.
The crowns were embedded in self-cured acrylicwrbkicks with the help of a
mould (2 centimetresx3 centimetres) with the labiaface facing upwards.

A\ 4

Enamel were wet ground using sandpaper disks teal uniform flat surface

|

After flattening of the labial enamel, 37.5 % hygeo peroxide (POLA Office plus)
bleaching gel was applied in uniform thickness&aninutes according to the
manufacturer’s instructions

!

The specimens were divided into 2 experimental gsdwaving 32 specimens each
Group 1: Specimens were irradiated with a 445nmelength of diode laser for 30
seconds.

Group 2: Specimens were irradiated with a 970nmeleagth of diode laser for 30
seconds.

|

The teeth in the group 1 were irradiated with tleey@ength of 445nm and power

2W of the diode laser (DENTSPLY SIRONA) for 30 seds. The teeth in the group

2 were irradiated with the wavelength of 970 nm pader 2W of the diode laser
(DENTSPLY SIRONA) for 30 seconds.

\ 4
Group 1 and Group 2 were then divided into two sobgs A and B, depending orj
the application of 10% sodium ascorbate gel. Ifter ghe bleaching procedures, the
specimens in the subgroup 1B and 2B were coatddMi sodium ascorbate ge

using a microbrush.

'
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Materials and Methods

.

.

Subgroup 1A (n =
16)

Teeth exposed to a

wavelength of 445

nm wavelength
without application followed by without followed by
of the antioxidant antioxidant antioxidant antioxidant
application. application application.

Subgroup 1B (n =
16)

Teeth exposed to

wavelength of 445

nm wavelength

v

v

Subgroup 2A
(n=16)
Teeth exposed to a
wavelength of 970
nm wavelength

Subgroup 2B (n
=16)
Teeth exposed to
wavelength of 970
nm wavelength

|

The sodium ascorbate gel was kept for a periodahi. the specimens were
thoroughly cleansed with water and dried in a lgangy.

4

A mould of 5Smillimetrex5 millimetrex5 millimetre was positioned in the center
the labial surface and incremental build up of 2thiok layers was built to form a

5mm composite block.. Each increment was cure@@s using a continuous pulsed
curing light (Woodpecker). After this, the specirmemere incubated for 7 days an
were kept in distilled water till the testing.

=

All the specimens were etched for 15 sec using BRA&sphoric acid etchant gel,
rinsed with water and gently dried. Two coats mif/arsal adhesive (3M ESPE) wefe
applied on the bleached enamel surfaces usingsifb® microbrushes according to

manufacturer’s instructions.

|

The bond strength was tested using the Univemssiiig Machine (UTM) with a
cross-head speed of 0.5mm/min. It was recordedRa.M
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Materials and Methods

Fig. 2 Extracted human central incisor teeth
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Materials and Methods

Fig. 3 Sectioning of the tooth 2mm below the CE

Fig 4 . Application of 37.5% Hydrogen peroxide g

112
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Materials and Methods

Fig.5. Irradiation with diode laser

SiroLaser BIUS

Fig 6. Power and wavelength Fig 7. Power and wavelength settings for
settings for group A group B
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Materials and Methods

Fig 8 — Application o0f.0% sodium ascorbate gel

Fig 9 — Application of 37% phosphoric acid

Page 20



Materials and Methods

Fig. 10 — Application of the bonding agent

Fig.11 — Incremental layering of composite resin
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Materials and Methods

Fig 12 — Curing of the composite resin

LUNNERSAL TESTING MAcmNﬂ

Fig 13 — Universal testing maching

D
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Materials and Methods

Fig 14 . Shear bond strength testing using UT

M
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Results

RESULTS

Table 1 - Shear bond strength values for the subgup in which 445nm

wavelength is used

Sr. No. Maximum Load (N) Shear Bond Strength (MP
1 204.40 8.17
2 217.60 8.70
3 212.20 8.48
4 201.80 8.07
5 222.50 8.90
6 216.60 8.22
7 211.40 8.44
8 215.30 8.36
9 223.40 8.88
10 206.50 8.72
11 212.20 8.62
12 216.50 8.34
13 223.40 8.99
14 205.20 8.73
15 211.60 8.25
16 216.70 8.64
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Results

Table 2 — Shear bond strength values for the subgup in which 445nm

wavelength used followed by application of sodiumszorbate gel

Sr. No. | Maximum Load (N)] Shear Bond Strength (MPa)
1 294.40 11.776
2 267.70 10.708
3 282.10 11.284
4 251.80 10.072
5 278.40 11.136
6 266.60 10.006
7 270.20 11.243
8 272.50 11.117
9 233.40 11.232
10 286.60 10.532
11 261.30 10.432
12 258.20 11.222
13 270.60 11. 678
14 286.40 11.746
15 265.20 11.134
16 276.70 10.686
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Results

Table 3 - Shear bond strength values for the subgup in which 970 nm

wavelength is used

Sr. No. Maximum Load (N) Shear Bond Strength (MPa)
1 131.30 5.25
2 157.40 6.29
3 145.60 5.82
4 120.10 4.80
5 153.90 6.15
6 142.70 5.55
7 136.40 4.68
8 141.80 6.16
9 152.60 5.23
10 140.70 4.50
11 142.60 4.88
12 152.70 5.62
13 144.20 5.83
14 151.20 6.27
15 147.70 5.23
16 138.50 6.13
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Results

Table 4 — Shear bond strength values for the subgop in which 970 nm

wavelength used followed by application of sodiumszorbate gel

Sr. No. Maximum Load (N) Shear Bond Strength (MPRa)
1 171.20 6.84
2 157.50 6.30
3 165.70 6.62
4 194.80 7.79
5 183.10 7.32
6 176.40 6.42
7 180.10 6.66
8 188.30 7.86
9 176.70 7.81
10 155.40 6.43
11 175.50 6.74
12 182.60 6.28
13 178.30 6.53
14 186.30 7.76
15 184.20 6.36
16 186.50 6.38
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Table 5: Summary of Shear Bond Strength (MPa) in tw main groups (1 and 2)

and two sub groups (A and B)

Groups with sub groups n Mearn SD SE CV
Group 1 with sub group 1A 16 8.53 0.28 0.07 3.30
Group 1 with sub group 1B 16 11.00 0.55 0.14 4.97
Group 2 with sub group 2A 16 5.52 0.60 0.15 10.91
Group 2 with sub group 2B 16 6.88 0.61 0.15 8.81

Table 6: Comparison of two main groups (1 and 2) ahtwo sub groups (A and

B) with mean shear bond strength (MPa) by two way NOVA

Sources of variation| Degrees of Sum of Mean sum | F-value p-value
freedom squares | of squares
Main effects
Groups 1 203.15 203.15 732.8893 0.0001*
Sub groups 1 58.53 58.53 211.15f0 0.0001*
2-way interaction effects
Groups x sub groups 1 4.94 4.94 17.8281  0.0001*
Error 60 16.63 0.28
Total 63 283.25
*p<0.05
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Table 7: Comparison of two main groups (1 and 2) wh mean shear bond

strength (MPa)
Main groups Group 1 Group 2
Mean 9.77 6.20
SD 1.32 0.91
Group 1 -
Group 2 P=0.0001* -
*p<0.05

Figure 15: Comparison of two main groups (1 and 2with mean shear bond

strength (MPa)
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Table 8: Comparison of two sub groups (A and B) wit mean shear bond

strength (MPa)

Main groups Sub group A Sub group B
Mean 7.03 8.94
SD 1.60 2.17
Sub group A -
Sub group B P=0.0002* -

Figure 16: Comparison of two sub groups (A and B) #h mean shear bond

strength (MPa)

Mean value

Sub group A

Sub group B

o Mean

oSD
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Table 9: Pair wise comparison of two main groups (&nd 2) and two sub groups

(A and B) with mean shear bond strength (MPa) by Tkeys multiple posthoc

procedures

Groups with sub  Group 1 with Group 1 with Group 2 with Group 2 with
groups sub group 1A sub group 1B sub group 2A sub group 2B
Mean 8.53 11.00 5.52 6.88

SD 0.28 0.55 0.60 0.61
Group 1 with -
sub group 1A
Group 1 with P=0.0002* -
sub group 1B
Group 2 with P=0.0002* P=0.0001* -
sub group 2A
Group 2 with P=0.0002* P=0.0002* P=0.0002* -

sub group 2B

*p<0.05
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Results

Figure 17: Comparison of two main groups (1 and 2and two sub groups (A and

B) with mean shear bond strength (MPa)

12.00 - TI.00
10.001 g53
g
= 8.00 6.88
c 5.52
c .
o 6.00
=
4.00 A
2.00
0.28 0.55 0.60 0.61
0.00 * — | = L L
Group 1 with  Group 1 with  Group 2 with  Group 2 with
sub group 1A sub group 1B sub group 2A  sub group 2B
OMean oSD ‘

According to the values obtained, the bond stremgtgroup 1 i.e the group
irradiated with 445nm diode laser was always oighdr side as compared to group 2

i.e group irradiated with 970 nm diode laser.

The highest bond strength values were seen witlgtbep 1B in which the
teeth were irradiated with 445nm wavelength lightl sodium ascorbate gel was

applied as an antioxidant.

Two way ANOVA was performed to study the interantioetween the two
groups, which suggested that statistically sigaiftcdifference was seen between the

group 1 and group 2 (p<0.05) and hence the nulbthgsis was rejected.

Tukey’'s multiple post hoc test was carried out heak for the intragroup
comparison and statistically significant differeneeas observed between the

subgroups 1A,1B,2A,2B (p<0.05)
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DISCUSSION

The quest to have a beautiful smile has drivenetstbetic dentistry to new
horizons. Tooth discoloration has always been #ofacf utmost concern for the
patients in today’s day and age. With the growiwgr@ness of esthetic options, there
is a great demand for various modalities in treptiiiscolored teeth. Out of these
treatment options, bleaching permits a successétihedic outcome at minimal

expense while conserving the tooth structure amdéa preferred treatment option.

Bleaching can be successfully executed at homeefisa® in office settings.
10% carbamide peroxide used in home bleaching bas documented to have an
equal efficiency as that of 37% hydrogen peroxidewhitening of the teeth.
However, the lack of dexterity and the time constsaof the patient have driven
them to inoffice bleaching® Hydrogen peroxide bleaching agents have emerged as
the most promising agents since the last 5 decimitenie used for inoffice bleaching

due to the rapidity in the results they provide.

Hydrogen peroxide, a low molecular weight substardecomposes into
oxygen and perhydroxyl free radicals. The lattemssociated with high permeability
and high diffusibility in the tooth structure. Pgdnoxyl radicals attack the long
chained, dark colored macromolecules of pigments silt them into smaller, less
colored and more diffusible molecules which are oeed from the structure
producing the bleaching effect. Free radicals ssdafrom the hydrogen peroxide
permeate into the enamel surface through interatisnregions and may react not

only with the pigmented organic molecules, but al#h the organic enamel.
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In-office bleaching uses different concentratiohs diydrogen peroxide (15—
38% HP) formulation directly on the tooth surfatee concentration of the bleaching
agent used is inversely proportional to the timeuhed for the bleaching.
Depending on the degree of stains, longer appicdaime or multiple appointments
may be required to obtain optimum resdft& study by Bernardon concluded that the
10% carbamide peroxide home bleaching of 8 hrsigeavwith the same amount of
shade change with 35 % hydrogen peroxide in offiteaching of 40 min¥
Therefore, in-office bleaching technique can béardsthetic results with substantial

reduced time period.

To reduce the time and obtain the required resadtisvation of the bleaching
gel was postulated. The activation of the bleackyelgwas carried out using different

sources like heat, light and lasers.

In heat activated bleaching, the absorption of likat energy caused rapid
decomposition of the constituents to acquire tke fladicals in short amount of time
to provide better results. When heat was used dovadion, the temperature rise of
about 8.7 °C was observed in the pulp which is aktve the threshold of 5.5°C and

hence it could be detrimental to the pulpal he¥ith.

Light sources like QTH and plasma arc lamps useadtivation ,emit a wide
wavelength range from ultraviolet (UV, wavelength380 nm), across the entire
visible spectrum (VIS, = 380-750 nm) deep into itifeared (IR, > 750 nm).These
sources worked on the principle where there wasgctidecomposition of the
bleaching gel using the light energy or by decontjws through heating of the
bleaching gel. The irradiation of the pulpal cetishe UV radiation and the infrared

rays was deemed to be of critical threat to theadutells. This concern of pulpal
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damage gave way to research and experimentatieearch for sources which had

equal efficacy but also caused the least damatietpulpal tissue®

Tackling these shortcomings of the heat and lighireses, the upgraded
technology of lasers have been become the focal poibleaching. Lasers basically
work through three mecahnisms, Photothermal, pwidoland photochemical
effects** These mechanisms make use of heat, light and chkeriergy respectively
to fasten the bleaching action.An array of laseagehbeen researched extensively
which include CQ( Luk et al.), Nd: YAG ( Michida et al. ), Er: YAG Satri et al.),

Diode lasers( Suleiman et al) and KTP ( Zhang)et al

In the current scenario based on evidence, a yadétlasers have been
researched but still there has been no consensugioh system is most clinically

effective for bleaching®

The KTP laser which is regarded to be one of th& ksers for bleaching
works on the photochemical principle wherein, chopimores need to be incorporated
to the bleaching gel in order to bring about thévation>® This inturn increases the

treatment cost.

On the other hand, diode lasers can be used wétltahventional bleaching
agents and their cost-effectiveness and ergonossgd has facilitated clinicians to
use them regularly in the operatory (Kato, KohaBarkis, & Wetter, 2006)’ In
addition , diode lasers have shown a versatilitythe wavelengths in regard to

activation of the bleaching agents successfullpn{Garabulut & Karabulut, 20165,

Though there is no conclusion as to which sourceativation is the best

amongst heat, light and lasers research doesn claperiority of lasers for various
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reasons, such as shortening the operation timeciegl the risk of over-bleaching
and postoperative sensitivity, providing a minimumcrease in intrapulpal
temperature, and thereby causing less damage tpulpé® Frigo et al through his
clinical investigations concluded that when laserswised using the photothermal
action , satisfactory color change was acheivediwihalf of the gel action tim&.
There was an increase in speed of decompositioa fgctor of around 2.2 after

activation of the bleaching gel with laséfs.

Valuing time and comfort of the patient without hzaming the health of the
pulpal tissue, incorporating the commonly use@ndas clinical practice is the need

of the hour.

With the upfront research using the different waweths of diode lasers, the
post-operative sensitivity emerged as a grave con€®st-operative sensitivity after
laser assisted bleaching is observed in 8-66% témsa®' Bleaching is a technique
that increases dentin permeability, increasing alesgnsitivity especially when there
is an increase in temperature. This rise in tempegas attributed to two reasons: 1.
high concentration of hydrogen peroxide used anficBivation of the bleaching gel
by heat, light or laser sources. The lower the geatration of the whitening system,
the lower is the sensitivity. In this sense the rtewhniques of bleaching should
evolve to avoid the detrimental effect of tempemttise in the pulp chamber. The
laser activation facilitates increased penetratibthe peroxide towards the pulp. The
elevation in the temperature in laser assistedchiag depends on the wavelength of
the laser light and the power of the laser uéddence, wavelengths which didn’t

elevate the pulpal temperature were extensivelglsou
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To obtain the most achievable esthetic result, cmit@ resin restoration
might be required post bleaching. In 1994, Dishraad colleagues reported that a
high concentration of oxygen remains among the ehgmsms and in the dentin
following dissociation of the bleaching agéhthe dentin and dentinal fluid can act
as peroxide and oxygen free radical reservoir amadcpersist until removed by
pulpal microcirculation or be released later thitosgrface diffusion (Titleyet al).*®
In this perspective, this property could be deletexr during bonding of the composite
resin, as higher levels of peroxide or oxygen meayptesent in the bonding surface,
inhibiting the polymerization and, thus, reducihg bond strength. Initially, a waiting
period of 1-3 weeks following the bleaching procedwas postulated to have the
complete reversal of bond stren§thHowever, with the fast paced life and time

concerns of patients, this seemed unfavourable.

To obtain immediate bonding post bleaching , a walege of antioxidants
like sodium ascorbate, Hesperidin, Lycopene hawenbiéme-tested! There is no
study which evaluates the effect of sodium ascerloat the laser assisted bleached
tooth. Therefore, the aim of this study was to eatd the bond strength of composite

resin after antioxidant application to a tooth aféeser assisted bleaching in vitro.

The study was conducted in the department of Cuatee dentistry and

Endodontics at KAHER'’s Vishwanath Katti Institutel@ental Sciences, Belagavi.

37.5% hydrogen peroxide gel ( Pola Office plus SBs used for bleaching.
For effective bleaching results, the viscosity lné bleaching agent is of paramount
importance. The carbopol is the thickening agees@nt in this bleaching agent. It

serves two purposes, firstly it increases the wggmf the bleaching agent to allow
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for better retention and secondly, it increasesattte/e oxygen-releasing time of the

bleaching material by upto 4 times. (Rodrigued.e2@07)*

SiroBlue Laser, a diode laser was used in the stddgh is equipped with a
high-tech laser module, which provides three oddferforms of laser in a single
device that is wavelengths of 445nm(blue) with ppaker of 3W ,660 nm with peak
power of 100 Mw and 970nm with peak power of 2W.céwing to the
manufacturers, the wavelengths of 445nm and 97Cmbe used for laser assisted
bleaching and the 660nm is for photobiomodulatibemploys a special handpiece

that expands the laser beam such that the laset issed in point focu.

The two wavelengths used in the study were 445nmin9&10 nm wavelengths
of diode laser. According to the De Moor, the terap@re elevation after bleaching
with the diode laser at the wavelengths 970 nm4&t&inm is in the safe range, and
both wavelengths can be used as prudent in-offesching techniques. Also, there is
a general recommendation of power for diode ladgchvshould not exceed above 3
watts, to avoid overheating of the pulp chambemndde a power of 2 W was used for

both the wavelengths in this studfy.

10% sodium ascorbate gel was used as an antioxiddhé study. Sodium
ascorbate is a derivate of ascorbic acid with aéyH. It is a potent antioxidant
capable of quenching reactive free radicals indgjigial systems. Since vitamin C and
its salts are non-toxic and widely used in foodustdy as antioxidants, it can be used
on the dental hard tissue without creating any estvéiological effect or clinical

hazardg?
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Dabas et al studied the effect of different con@ins of sodium ascorbate
hydrogels and concluded that the bond strengthrsal/&as seen in equal efficiency
with all the concentrations tested. Hence, 10%uwudascorbate gel was used in this

study?®

A study done Khoroushi et al. compared the borghgth obtained when etch
and rinse and self-etch adhesive when used onH#danamel, which concluded that
the use of sodium ascorbate is more favourable msednjunction with the etch and
rinse adhesives. Attributing the decrease bondgtine when self etch adhesives
were used, as part of etching agent remained baakimg hindrance to adequate
bonding*® Hence, in this study the specimens were etch&u3vi% phosphoric acid
and two coats otiniversal bonding agent was applied according toufecturer’s

instructions to the bleached enamel.

The macro shear bond strength was tested in thily sThis was because the
finite element analysis demonstrated it to moreusately represent the bond strength
values, especially for bonded samples. Also, Vemestorations are the commonly
implemented restorations to obtain high value estheost-bleaching. Shear forces

more precisely reflect the forces generated orethestoratiof’

According to the results of this study, the subgrathich was irradiated with
445nm laser light showed a better bond strengttoaspared to the 970nm subgroup
irrespective of the application of 10% sodium abate. Kaya et al in a study has
concluded that bleaching induces morphological gharsuch as increase in porosity
of enamel and loss of the minerals from the enaudhce. It was observed that due
to the reduced mineral content, the resin tags édrrwith composite were less

defined® As validated by Saberi et al, the 445nm wavelepgthetrated less into the

Page 39



Discussion

enamel and hence caused less mineral loss andtygdfoBhis could be the reason for

better bonding obtained with the 445nm wavelength.

Specimens in the subgroups 1B and 2B showed Hwitet strength values as
compared to subgroups 1A and 2A respectively. Sodiscorbate, being a reducing
agent, is capable of donating two high-energy sdestto scavenge the free radicals
by the mechanism called passive detoxificatiddolecular weight of the antioxidant
also seems to have played a role. Hydrogen perokeiag a low-molecular-weight
substance, permeates into the dental hard tissuebraaks down into free radicals,
so surface treatment done with any antioxidantetoave these free radicals should
have low molecular weight for efficient scavengagion®* According to Lipinski's
rule, molecular weight of the drug should be Iésst500g/mol for its bioavailability.
Sodium ascorbate has a molecular weight of 198/iblgand is water soluble. This

enabled sodium ascorbate to penetrate better anitipran effective bondiny.

Further in-vivo studies need to be considered teckhthe potential for
bonding after diode laser assisted bleaching witbndn and 970 nm as the in-vitro

study does not completely simulate the conditionhe oral cavity.

Therefore, within the limitations of the study,can be inferred that the 445
nm wavelength diode laser light can be successtidbd for laser assisted bleaching
with the least amount of changes of the tooth setfaninimal pulpal damage and an
enhanced bonding of restoration to the bleachedhtadter application of 10%

sodium ascorbate gel.
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CONCLUSION

Within the limitations of the study, the results imply application of 10 %
sodium ascorbate gel to teeth irradiated with 445nm wavelength diode laser light
permits the surface to have a favorable bonding to the tooth structure. Also, the pul pal
damage occurring due to higher wavelength of 970 nm can be avoided with the use of
445 nm wavelength. Further, clinical studies need to be conducted with regard to
diode laser activated bleaching and sodium ascorbate gel application needs to be

evaluated in vivo.
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SUMMARY

The study was conducted in the department of Ceatee Dentistry and
Endodontics at KAHER'’s Vishwanath Katti Institute@ental Sciences, with the aim
to evaluate and compare the shear bond strengtbroposite resin with application
of sodium ascorbate after diode laser assistedchileg using two different

wavelengths - 445nm and 970nm

Sixty four extracted human permanent maxillary r@ntncisors were

included in the study strictly abiding to the irgilon and exclusion criteria.

Roots of all teeth were cut 2mm below the cemengml junction with the
help of a diamond disk under continuous water ogplirhe crowns were mounted in
self-cured acrylic resin blocks using metal moyRismx3cm) with the labial surface
facing upwards. Enamel was wet ground using sareiptp achieve flat uniform

surface.

After flattening of the labial enamel the bleachoy (Pola Office plus SDI)
consisting of 37.5% hydrogen peroxide was appledniform thickness according to

the manufacturer’s instructions for a time perié® oninutes.

The specimens were divided in two groups :

Group 1 — Teeth which were exposed to a waveleo§td45nm of diode laser

(DENTSPLY SIRONA)

Group 2 — Teeth which were exposed to a wavelen§tt70 nm of diode laser

(DENTSPLY SIRONA)
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The teeth in the group 1 were irradiated with treevelength of 445nm and
power 2W of the diode laser (DENTSPLY SIRONA) fd@ S=conds. The teeth in the
group 2 were irradiated with the wavelength of @n0® and power 2W of the diode

laser (DENTSPLY SIRONA) for 30 seconds.

Group 1 and Group 2 were then divided into two sobgs A and B,
depending on the application of 10% sodium ascerat. 1 hr after the bleaching
procedures, the specimens in the subgroup 1B ande2B coated with 10% sodium

ascorbate gel using a microbrush.

Subgroup 1A — Teeth were exposed to a wavelengbfnm wavelength without

application of sodium ascorbate.

Subgroup 1B — Teeth exposed to wavelength of 445wawvelength followed by

application of sodium ascorbate.

Subgroup 2A - Teeth exposed to a wavelength of B0 wavelength without

application of sodium ascorbate.

Subgroup 2B - Teeth exposed to wavelength of 970wawelength followed by

application of sodium ascorbate.

The sodium ascorbate gel was kept for a periodQ®frn. The specimens were

washed under running water and gently dried.

All the specimens were etched for 15 sec using pA#sphoric acid etchant
gel rinsed under running water and gently driedo Deats of universal adhesive (3M

ESPE) were applied on the bleached enamel surisieg disposable microbrushes.
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A mold of (5Smmx5mmx5mm) was placed in the centethef labial surface
and a 5mm thick layer of composite resin was bugltwith incremental layering

technique, wherein each increment was cured fae20nds.

The bond strength was tested using the Universatinige Machine (UTM)
with a cross-head speed of 0.5mm/min. Statistinalysis was performed using two
way ANOVA for intergroup analysis and Mann Whitn&y test for intragroup

analysis.

The shear bond strength values were the highekeigroup 1, in which teeth
were irradiated with 445 nm wavelength irrespectife the application of the
antioxidant. Within the group, the highest bon@sgith was seen in the subgroup 1B
in which antioxidant was applied after irradiatianth 445 nm wavelength. This
could be attributed to lesser mineral loss and [gm®sity in the enamel of the
specimens irradiated with 445nm wavelength dioderlawithin the limitations of the
study, the results imply application of 10 % sodiastorbate gel to teeth irradiated
with 445nm wavelength diode laser light permits thaface to have a favorable
bonding to the tooth structure. Also, the pulpamdge occurring due to higher
wavelength of 970 nm can be avoided with the usé4& nm wavelength. Further,
clinical studies need to be conducted in regardiade laser activated bleaching and

sodium ascorbate gel application needs to be etealua vivo.
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