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ABSTRACT

Background and Objectives: Bracket bonding is an elementary but time consuming
orthodontic procedure. In a busy practice it becomes tiring for a clinician to bond
every single tooth individually. Often, patients also get exhausted. Reduction in
bonding time can overcome these issues to a considerable extend. Curing multiple
teeth simultaneously without compromising the bond strength can be a major step
forward. The objective of this study was to evaluate if the shear bond strength of
multiple brackets, cured with a cluster LED unit is comparable to those cured with a

standard single tip LED curing unit.

Methods: Human maxillary incisors, canines, premolars and molars (45 each) were
collected and sorted into two experimental groups and a control group. Control group
samples were cured with a standard, single tip LED light curing unit for 15 seconds.
Samples of experimental groups were cured with cluster LED unit for 15 seconds and
30 seconds respectively. Each main group was then subdivided in to four subgroups
based on the teeth type, with a sample size(n) of 15 each. After bonding the teeth were
stored in distilled water at 37 °C for 24 hours before the bond test. The mechanical
testing for bond strength was performed using a universal testing machine, after
which the specimens were visually examined with a stereomicroscope at 10x

magnification to assess the adhesive remnant index and fracture pattern.

Results: Brackets cured with cluster LED unit for 30 seconds had comparable bond
strength with those brackets cured with standard single tip curing unit for 15 seconds.
Although the samples cured with cluster LED unit for 15 seconds showed statistically
significant reduction in bond strength compared to the other two groups, they satisfied
the optimum bond strength range.

Interpretation and Conclusion: The cluster LED unit reduced the bonding time by
curing orthodontic brackets on multiple teeth simultaneously and attained a shear
bond strength above the optimal bond strength range. With increased curing time of
30 seconds, the bond strength of brackets cured with cluster LED unit was
comparable to that of those cured with standard single tip LED light curing unit.

Hence cluster LED unit can be considered as a useful adjunct for bracket bonding.

Key words: Light Emitting Diode, Light curing unit, Bracket bonding.
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Introduction

INTRODUCTION

In the last century, Orthodontics have evolved into a unique speciality in dentistry.
Scientists have been coming up with newer techniques and innovations that can make

the chair-side time shorter and interesting to the practitioner and the patient as well.

From the very inception of fixed-appliance orthodontic treatment, brackets were
welded either to gold or stainless-steel bands. The band encompasses the tooth all
around and requires the creation of interproximal space so as to accommodate the band
material. To achieve separation between teeth, wires and elastomerics were used which
was time-consuming for the orthodontist and uncomfortable for the patient. These
interproximal gaps had to be addressed at the conclusion of the treatment. In addition,
banded appliances frequently caused gingival irritation and trauma. Decalcification
under the bands sometimes occurred during the treatment course. Therefore,
eliminating the need for bands and to attach the brackets directly to tooth enamel was

an obvious solution to these problems.!

An Orthodontist, Dr George Newman, in Orange, New Jersey and Professor Fujio
Miura, chair of the Department of Orthodontics at Tokyo Medical and Dental
University in Japan, were the pioneers in bonding of orthodontic brackets to the

enamel.!

Self-curing adhesives were first introduced for bonding brackets on the tooth surface.
They had limitations, such as discoloration, longer working time and increased
hardness and wear resistance of superficial layer. To overcome these limitations,

light-activated composite resin was introduced in 1960s.2

These resins contain a photosensitizer, Camphor quinone [CQ] which can absorb blue
light with wavelengths between 400 and 500 nm. These resin system utilizes light
energy to initiate free radicals; thus, the development of the first curing light happened

with the introduction of light-curing resin.

By 1970s, the first dental curing- light the Nuva Light (Dentsply/Caulk) was developed,
that used ultraviolet light to cure the material. Ultraviolet (UV) light used in the system

was later discontinued because of its drawbacks. Furthermore, due to their shorter
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wavelengths, the depth of cure was limited. It was found that these lights were not very

effective.?

By early 1980s advances in the area of visible light curing took place. Few years after
the introduction of UV radiation for curing the dental restoratives, the facility of using
the visible light was introduced. February 24, 1976, on that day, Dr.Mohammed
Bassoiuny of Turner School of Dentistry, Manchester, did the first restoration with
visible light-cured composite on Dr. John Yearn, the then head of department. This led
to the development of a curing device that uses blue light. The next type of curing light
that developed was the quartz-halogen bulb and it had longer wavelengths of the visible
light spectrum that permitted greater penetration of curing light and light energy. The
halogen curing light thus replaced the Ultra violet-curing light.®

The 1990s presented great improvements in light-curing equipment. Previous devices
were improved and new devices developed. The focus was mainly to improve the
intensity so as to cure faster and deeper. Around 1998, the plasma arc curing light was
introduced, which had a high intensity light source, and a fluorescent bulb containing
plasma, to cure the composite. It claimed to cure the material in 3 seconds. Yet, on an

average, it took between 3seconds to 5 seconds.*

Light Emitting Diodes or LEDs were introduced by Mills in 1995.> Junctions of doped
semiconductors were used to generate visible light with no requirement for light
filtration. LEDs produce light within a narrow spectral range and are highly efficient
light sources. Blue LED curing unit is inexpensive compared to halogen light-curing
unit. The LED unit has neither any bulb nor any filter that requires maintenance. They
do not require any filters because they emit light at a particular wavelength within 400—
500 nm. Over time, only little degradation of light output was observed and they do not
produce any heat. This was another benefit that prevented any potential gingival
irritation or damage to the pulp. Its light performance degrades with time. LED curing
lights are very popular among pedodontists, since less chair side time and adequate
polymerization is the main aim . It has been suggested that even though the strength is
inadequate, by far, it is the most reliable.’
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Classification of light curing units

1st Generation Ultraviolet light

2nd Generation Visible light-curing units

3rd Generation Plasma arc units

4th Generation Light-emitting diodes (LEDs)
5th Generation Lasers.

Table 1: The light-curing units are classified into the following five generations

Clinical efficiency of a light-curing unit is crucial for obtaining the optimal

polymerization and a successful outcome.®

The main factors related to light curing that can influence the polymerization process

and the strength of the material includes the intensity of the light and the curing time.”
11

Intensity of light

Lambert’s Law—When a light beam reaches on any orthodontic adhesive surface, the
penetration of light into the comparatively thin layer of material depends on many
factors related to the light beam itself, the application mode, and the material properties.
First, the distance of the light source from the surface and the path the incident beam
that travels to reach the adhesive has a large effect on the intensity of incident light.
The well-cited Lambert Law in this field describes the relation between the intensity of

light and distance as:
I=loe—yd

Where 1 is the light intensity at distance d, lo the intensity departing from the source,

and y the absorption coefficient of the medium.
Curing time

With increase in curing time, bond strength also increases.
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Depth of curing depends on the intensity of light. The light-curing unit should be able
to cure the composite to the optimum bond strength. All curing lights generate heat and
hence require a cooling fan. The average life of a halogen unit is restricted to 100 hours
because of its heat emitting properties. 12 On the contrary minimum heat is generated
by LED units.'! Halogen lights do significantly increase the pulpal temperature
compared to other light cure units. LED uses minimal energy and produces less heat,
so they are marketed as cordless units with a rechargeable battery without light
filaments and other cooling accessories, hence they better resist vibrations and shock.
Therefore, they have a life time of more than 10,000 hours.>*3

Bonding of orthodontic brackets is one of the most time consuming and tedious
procedure in orthodontics. Reducing the bonding time without affecting the bond
strength would increase operator efficiency and patient comfort. Literature comprises
so many studies conducted on the reduction of curing time, using high intensity (around
3000mW/cm?) curing units. Perhaps a second thought should always be given to the
use of high intensity light sources, as it is exposed on to living tissues. So, the prime
objective should be to reduce the curing time without causing any harm to the pulpal

tissue.

Marquezan conducted a study using a LED cluster unit to cure multiple teeth at single
shot on bovine incisors.!* This method of curing many teeth simultaneously using a
light curing unit that does not endanger the health of pulpal tissue can be considered as

an alternative and convenient method to reduce the curing time.

To achieve an adequate bond strength of 5.8-7.8 MPa as reported by Reynolds,® the
intensity of light according to Rueggeberg should be at least 400 mW/cm?, for an

exposure time of 60 seconds.*®

The literature supports the polymerization of orthodontic composites using Light

Emitting Diode curing lights -2°

The advent of light-catalyzed vital dental bleaching has provided a cross-over tool
which may improve the ergonomics of orthodontic appliance bonding by facilitating
the simultaneous curing over an entire arch. Yoav Shapinko conducted a study in 2018

to evaluate the bond strength of orthodontic brackets cured using a bleaching unit.?
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Most of the studies to test the shear bond strength of the teeth were either conducted on
bovine teeth or on human premolars??%, R.S.Hobson et al analysed the bond strength
to surface enamel for different tooth types and concluded that there exists significant
differences in bond strength between various tooth types. Ideally equal number of

different tooth types should be included in test groups to achieve stratification.?

No study was found in the scientific literature that used a bleaching unit with cluster of
LED units to cure four types of extracted human teeth, that is the incisor, canine,

premolar and molar simultaneously.

This study was performed to compare the shear bond strength orthodontic brackets
cured with the cluster LED unit with those brackets cured with a standard LED curing

unit.
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AIM AND OBJECTIVES

Aim
To compare the shear bond strength of orthodontic brackets on extracted human

maxillary incisor, canine, premolar and molar teeth, cured with a single tip LED curing

unit and cluster LED unit.

Objectives

1. To compare the shear bond strength of orthodontic brackets on extracted human teeth,

cured with a single tip LED curing unit and cluster LED unit.

2. To compare adhesive remnant index after the orthodontic brackets are debonded.

3. To compare the effect of difference in curing time between single tip LED curing unit

and two different time settings of cluster LED curing uni
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BACKGROUND OF THE STUDY

Bracket bonding is the first and foremost step during fixed appliance treatment.
Light cured composites can be used for attaching the brackets on to the teeth.
Various generations of light cure units were introduced in the market and LED light
cure units are now well accepted by the clinicians and have a cost advantage over

conventional halogen lights.

Bonding is one of the most time-consuming procedures in orthodontics. Reducing
the time required for the same would make both the operator and the patient
comfortable. Many studies have been conducted using high intensity curing units,
around 3000mW/cm? with short curing time to reduce the total curing time, but
using curing units of high intensity is always a point of concern as it may harm the
pulpal tissue. Another safer possibility for reducing the curing time is to cure
multiple teeth simultaneously.

REVIEW OF LITERATURE

Michael G. Buonocore (1955)% developed a simple method to increase the
adhesion of acrylic filling materials to the enamel surfaces. A phosphoric acid and
a phosphomolybdate oxalic acid treatment have been employed so as to alter the
enamel surfaces chemically. The phosphoric acid treatment gave better results and

is simpler to use.

Mills et al (1995)% proposed solid-state LED technology to polymerize the light-
initiated resins to overcome the shortcomings of conventional halogen lights. Light-
emitting diodes use junctions of doped semiconductors to generate light. They have
a lifetime more than 10,000 hours and undergo little degradation of output over this
time. Light-emitting diodes require no filters to produce blue light, resist the shock

and vibration, and take little power to operate.

10
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S E Bishara et al (1999)?" conducted a study to evaluate the shear bond strengths
of orthodontic brackets bonded with one of the three methods: a glass ionomer
adhesive used with 20% polyacrylic acid enamel conditioner; a composite resin
adhesive with 37% phosphoric acid etchant and a conventional primer; or the same
composite resin and an acidic primer that combines the etchant with the primer in
application. The brackets were bonded to the teeth according to one of the above
mentioned three protocols. The results showed that the resin/phosphoric acid
adhesive system (control group) had the strongest shear bond strength .The glass
ionomer adhesive system showed a significantly lower bond strength .The least
shear bond strength was observed when the acidic primer was used with an

orthodontic adhesive.

M F Sfondrini et al(2001)?® conducted a study in order to evaluate the shear bond
strengths of a composite resin and a resin-modified glass ionomer cured with two
different light-curing units: a conventional, visible light cure unit and a xenon arc
light unit (Plasma Arc Curing [PAC] System; Two groups (1 group for each type
of adhesive) were then exposed to the visible light for 20 seconds and 40 seconds,
respectively and were used as the control groups. Rest of the 6 groups (3 for each
adhesive) were cured with the xenon arc light for 2, 5, and 10 seconds. The findings
of the study indicated that, compared to visible light-curing, the xenon arc light
enables the clinician to reduce the curing time of both the bonding agents, without
affecting their shear bond strengths. Therefore, xenon arc light sources can be
recommended as an advantageous adjunct for curing both composite resins and

resin-modified glass ionomers.

Larry J Oesterle(2002)?° conducted a study on light curing of composite resin
material underneath the brackets. Shear/peel bond strength of orthodontic brackets
bonded to bovine enamel and cured using a pulsed xenon plasma arc light was
compared with that of bonds cured using a conventional tungsten-quartz-halogen

light and a non pulsed xenon plasma arc light. The pulsed light provided a reduced

11
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amount of light energy than that of the non pulsed lights. A small and a larger light-
guide tip were used along with the pulsed xenon plasma arc light. 3 different
orthodontic composite resin adhesives were verified with each light. The pulsed
xenon plasma arc light resulted in either the same or reduced shear/peel bond
strength when compared with that of the non pulsed lights. There seemed to be no
advantage to the use of a pulsed xenon plasma arc light in bonding orthodontic
brackets. Results from using either a small or a large light-guide tip changed with

the adhesive that was tested.

Samir E Bishara (2003)% conducted a study to evaluate the effect of using a new
light-curing device that uses a light-emitting diode on the shear bond strength of an
orthodontic adhesive. The new light-curing device used in the study was UltraLume
2 that has an 8-mm footprint which can simultaneously cure two orthodontic
brackets. The teeth were casually divided into two groups according to the curing
light used. Findings of the study designated that no significant differences in the
shear bond strength between the Ortholux halogen light and the UltraLume 2 LED
light. So the study concluded that, the advantages of the new unit comprise the
capability to cure two brackets at a time and a lesser light-emitting apparatus for

the clinician to handle.

Meyer GR et al (2003)%! analyzed the reduction in power output of a new light
emitting diode curing devices with increasing distance to the filling surface and
concluded that LED lights showed significant reduction in power output at 10mm
from light tip compared with QTH units.

Danilo Biazzetto et al (2003)% in an invitro study evaluated the effect of curing
tip distance on the Knoop Hardness Number (KHN) of a resin composite when
using 3 different light curing devices: (1) halogen light, (2) a "softstart-
polymerization” and (3) a PAC . The resin composite, Filtek Z250 (3M), was cured
by these curing devices at three light-tip distances from the resin composite: 0 mm,

6 mm and 12 mm respectively. The outcomes showed that for the Elipar Trilight

12
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unit, the hardness of the resin composite reduced as the light tip distance was
increased. The XL 1500 unit showed a significant decrease in hardness as the depth
of cure of the resin composite increased and Apolo 95E produced a decrease in the
resin composite hardness values when the depth of cure and light tip distance was

increased.

Seema K Sharma et al, (2003)*® conducted a study to assess the effect of bracket
base design on the mean shear bond strength 1 hour or 24 hours after bonding.
Results showed that, Orthodontic bracket base design significantly affected mean
shear bond strength. Speed (60-gauge, micro etched foil-mesh base) had the
maximum bond strength at 1 hour; followed by Time (machined, integral, micro
etched base with mechanical undercuts; American Orthodontics,); American
Master Series (80-gauge foil-mesh base; American Orthodontics); Ovation Roth
(80-gauge layered onto 150-gauge, micro etched foil-mesh base; GAC); Orthos
Optimesh XRT (100-gauge micro etched foil-mesh base; Ormco); and, lastly, the

nickel-free brackets (injection molded, 100-gauge, micro etched, foil-mesh base).

Timothy Swanson (2004)** conducted a study so as to analyse the relationship
between the shear bond strength of brackets bonded to enamel and the period of
photopolymerization with LEDs and conventional quartz-tungsten-halogen light-
curing units. 3 LED light units (GC e-light, GC America, Alsip, IlI; Elipar
FreeLight, 3M ESPE Dental Products, St Paul, Minn; and UltraLume LED 2,
Ultradent Products, South Jordan, Utah) and 1 halogen-based light-curing unit
(Ortholux XT, 3M Unitek, Monrovia,) were assessed in the study. Samples were
sorted into 12 groups of 20 teeth each. Each group was cured using different light-
curing unit for 40, 20, or 10 seconds. All experimental groups had laboratory mean

shear bond strengths more than 8 MPa, even with a 10-second cure.

Nanako Oyama(2004)%® evaluated the light intensity of different light curing units,
the effect of distance of the light guide, and the rationality of a tapered light guide.

Light curing units tested comprised (1) four blue light-emitting diode curing units,

13
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Lux-O-Max, LEDemetronl, Ortholux LED, and The Cure; (2) two tungsten-quartz
halogen curing units, Optilux 501 and Co-bee; and (3) one plasma arc curing unit,
Apollo95E. The Optilux 501 was also assessed for combinations of usual mode and
boost mode and Standard tip and Turbo tip light guide. The peak value of Ortholux
LED and The Cure exceeded that of Apollo95E. The light intensity significantly
reduced with distance. Although The Cure presented a higher light intensity than
the LEDemetronl at zero-mm distance, the light intensity of the LEDemetronl was
more than that of The Cure at five to 20 mm, resulting in no significant difference.
The boost mode improved light intensity at any distance. Although the Turbo tip
boosted light intensity at zero-mm distance, decrease of light intensity by Turbo tip

was demonstrated at five- to 20-mm distance.

Cornelis Johannes Kleverlaan et al (2004) assessed the curing efficiency and
heat production of two high-intensity halogen lamps, the Astralis 10 HIP (1100 mW
cm(-2)), and Optilux 501 Boost (1000 mW cm(-2)) in curing of three resin
composites (InTen-S, Tetric Ceram, and Filtek Z250). It was expected that the two
lamps, having comparable irradiance would give rise to the same curing
effectiveness and heat production. The curing efficiency was assessed by Vickers
hardness and depth of cure measurements. No significant differences were noted in
curing effectiveness between the two lamps for the three resin composites. The
temperature increase in the composites during curing was between 11.2 degrees C
and 16.2 degrees C. At succeeding irradiation, after the composites had been cured,
the temperature rise was between 8.2 degrees C and 12.1 degrees C. The Optilux
501 generated, in all cases, a lesser amount of heat than the Astralis 10. This was
not expected based on the irradiance, but can be accounted for by the differing
spectra.

A Mavropoulos ,(2005)*" conducted an in vitro study to establish the lowest
essential curing time to bond stainless steel brackets using new, intensive, light-
emitting diode (LED) curing units. A standard light curing adhesive was used to
attach the stainless steel brackets using different lamps and curing times. Two
groups were bonded with an intensive LED curing lamp for 5 and 10 seconds. Two

14
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more groups were bonded with another intensive LED curing device also for 5 and
10 seconds. Lastly, a high-output halogen lamp was used for 40 seconds to bond
the final group, which served as a positive control. The Shear bond strength values
attained were significantly different between groups . When used for 10 seconds,
the intensive LED curing units attained adequate shear bond strength, comparable
with that of the control. In contrast, 5 seconds resulted in significantly inferior SBS.
The adhesive remnant index (ARI) wasn’t significantly affected. A curing time of
10 seconds was noted" to be sufficient to bond metallic brackets to incisors with
intensive LED curing units. These new, comparatively inexpensive, curing lamps
appear to be an advantageous substitute to the conventional halogen lamps for

bonding orthodontic metal brackets.

Teresa Silta,(2005)% evaluated the capability of the newest generation of quartz
tungsten halogen and LED light-curing units to bond orthodontic brackets to teeth
at reduced polymerization times. Two LED light curing units (Ortholux LED:;
UltraLume LED 5,) and a QTH LCU (Optilux 501) were assessed. The specimens
were separated into 9 groups (3 lights and 3 curing times) of 20 teeth each. Each
group was cured with one of the 3 lights for 20, 10, or 6 seconds. Thirty minutes
after polymerization, the samples were taken for shear force on an instron machine
until bracket failure. The maximum bond strengths were obtained with the Optilux
501 QTH LCU and the UltraLume LED 5 LCU at the longest cure time of 20
seconds. It is suggested that orthodontic brackets be photopolymerized for at least
20 seconds with the QTH or the LED LCU before the archwires are placed.

Adrian et al ,(2005) * investigated the curing effectiveness of a new generation
high-power LED lamp (Elipar Freelight 2 [N] 3M-ESPE). The efficiency of
composite cure with this new lamp was equated to conventional LED/halogen
(Elipar Freelight [F], 3M-ESPE; Max [M], Dentsply-Caulk) and high-power
halogen (Elipar Trilight [T], 3M-ESPE; Astralis 10 [A], Ivoclar Vivadent) lamps.
Standard continuous (NS, FS, TS; MS), turbo (AT) and exponential (NE, FE, TE)
curing modes of the different lights were also examined. The hardness ratio was

then calculated by dividing HK (Knoops Hardness) of the bottom surface by HK of

15
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the top surface. Results of the statistical analysis were : HK top--E, FE, NE > NS
and NE > AT, TS, FS; HK bottom--TE, NE > NS; Hardness ratio--NS > FE and
FS, TS > NE. No significant difference in HK bottom and hardness ratio was
detected between the two modes of Freelight 2 and Max. Freelight 2 cured
composites as efficiently as conventional LED/halogen and high-power halogen
lamps, even with a 50% decrease in cure time. The exponential modes of Freelight

2, Freelight and Trilight appear to be effective than their respective standard modes

Watts C and Silikas N (2005)*° based on their study concluded that an
exceedingly high intensity, above 2000 mW/cm sqg. may cause material structural
defects; high rate of excitation of radicals may induce a high polymerization rate,
that encapsulation of unreacted monomer takes place leading to inhomogeneous

material, which are susceptible to dissolution and degradation.

A Riya Yazici, (2006)* conducted a study to compare the temperature rise in a
pulp chamber as a result of using different light-curing units during resin composite
polymerization, and it assessed the effect of remaining dentin thickness on
temperature increase. The light-curing units tested comprised two halogen lights,
Spectrum 800 and Elipar Trilight (Standard and Exponential mode); a light-
emitting diode (LED, Elipar Freelight) and a plasma arc (Virtuoso, Xenon Power
Arc). Irradiation time was 40 seconds for the halogen and LED lights and 3 seconds
for the plasma arc light . The rise in pulp chamber temperature ranged between
1.40-3.8 degrees C. The highest temperature rise was observed when using Elipar
Trilight Standard mode, and the least temperature rise was detected with light
emitting diode for both remaining dentin thicknesses. The only significant
differences in temperature rise were observed between Elipar Trilight Standard
mode and LED. No significant difference existed for the various modes of Elipar
Trilight. A statistically significant higher temperature increase was observed within
each curing unit at a depth of 1 mm compared to 2 mm.
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Kimberly Gronberg, (2006)*? evaluated increasing exposure times and distance
among the light source and adhesive composite on the shear bond strength (SBS)
of stainless steel brackets. There were significant SBS changes between exposure
times; 5-second exposures were significantly less than at 20-and 40-second
exposures; SBS increased in a curvilinear pattern. Significant differences were
noted neither in the frequencies of ARI scores separated nor the SBS in relation to
distance. Significant differences in the occurrences of ARI scores were detected
when comparing the 5-second cure time to other time periods, indicating partial
polymerization in the bracket base.

Maria Francesca Sfondrini (2006)* performed a study to evaluate the effect of
distance of light-tip from tooth on the shear bond strength and the failure site of
brackets cured with 3 light-curing units (high-intensity halogen, light-emitting
diode, and plasma arc). Stainless steel brackets were bonded with a resin-modified
glass-ionomer to the teeth, and each curing light was verified at 3 distances from
the bracket: 0, 3, and 6 mm. When the effect of the light-tip distance on each light-
curing unit was assessed, the halogen and light-emitting diode lights showed no
significant differences between the 3 distances. However, the plasma arc light
produced significantly higher shear bond strengths at a greater light-tip distance.
No significant differences were observed among the adhesive remnant index scores
of the various groups, except with the LED light at a distance of 3 mm. In hard-to-
reach areas, the plasma arc curing light is recommended for optimal curing
efficiency

Thind, B.S. in (2006)* investigated whether there was any differences between
the debond stress and adhesive remnant index (ARI) of an adhesive cured with three
different orthodontic light cure units. Sixty sound premolar teeth were sorted into
three groups of 20. A standard pre-adjusted edgewise premolar bracket was
attatched to each tooth using a light-cured orthodontic adhesive, Transbond X.
Group 1 (control) samples were cured with an Ortholux XT (tungsten-quartz-
halogen bulb) light for 20 seconds, group 2 with an Ortho lite (plasma arc) for 6
seconds and group 3 with an Ortholux LED light-emitting diode for 10 second
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respectively. The ARI scores for group 2 were significantly different from that of
groups 1 and 3 (between which there was no significant difference). For group 2
there was a superior tendency for failure to occur at the adhesive/tooth interface
than for the other two groups. There seems to be no reason why any of the three
types of light source can’t be used in orthodontics. Polymerization, as effective as
that produced by conventional bulb light sources, was attained with the short

exposure times suggested for the plasma arc or light-emitting diode sources.

Theodore Eliades (2006)* in a review article discoursed the fundamentals of
photocuring with numerous types of lamps in orthodontics. Information on the
characteristics of lamps, photopolymerization, from the viewpoint of both the
material composite resin adhesive and source (lamp) were discussed, with reference
to light scattering, optimum filler size, extent of polymerization, and the degree of
cure of resins irradiated with various lamps. The discussion is also listed the
properties of lamps and their application to orthodontic bonding as these are
reflected in 4 key properties of the material, such as polymerization efficiency
(degree of cure), mechanical properties (bond strength), clinical performance
(failure rate), and biological properties of blue light

Vittorio Cacciafesta et al,(2006)* studied the effect of a 35% hydrogen peroxide
bleaching gel on the shear bond strength and bond failure location of a resin-
modified glass ionomer.Forty-five bovine mandibular permanent incisors were
arbitrarily divided into 3 groups; each group had 15 teeth. Bleaching treatment was
executed at 2 different times before the bonding procedure. Forty-five stainless
steel brackets were bonded using the resin-modified glass ionomer..Group 1 (no
bleaching) showed significantly higher shear bond strength values compared to
group 2 (bleaching immediately before bonding) and 3 (bleaching 1 week before
bonding). No significant differences were observed between groups 2 and 3.
Moreover, no significant differences in debond locations were noted among the 3
groups and concluded ,Bleaching treatment before bonding significantly decreased

the bond strength values of GIC.
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Michael D Signorelli et al (2006)*" assessed the in-vitro shear bond strength and
in-vivo survival rate of brackets attached to the teeth with either a halogen or a
plasma arc light. For the in-vivo study, no significant difference was found in
bracket failure rates between the light sources . No significant differences were
between ARI scores for the halogen light and the plasma arc light at either 30
minutes or 24 hours after debonding. These results specify that the plasma arc light
with a 6-second curing time can produce comparable bond strength and bracket-

failure rates as the halogen light that needs a longer curing time.

Akira Yamamoto et al (2006)*® investigated the rate of bond strength progress for
orthodontic adhesives in bracket bonding. Four orthodontic adhesive systems were
studied. Bovine incisors were attached on self-curing acrylic resin. Orthodontic
brackets were bonded according to the manufacturers' directives. Shear bond
strengths were tested after storage in water for 5, 10, and 60 minutes, and 24 hours.
Differences between bond strengths at 24 hours and the other test stages were
statistically analysed. All materials tested had the highest bond strengths at 24
hours, and bond strength improved with storage time. The earliest time point at
which there wasn’t any significant difference in bond strength compared with that
at 24 hours was defined as the initial stable time. Differences in this value may have
clinical implications for the assessment of orthodontic adhesives, which can incur
high stresses instantly after placement. The rate of development of enamel bond
strength must be considered to guarantee sufficient maturation of orthodontic

adhesives before functional loading.

Aslihan Uzel et al (2006)* investigated the temperature variations in the pulp
chamber during bracket bonding with three dissimilar light curing devices. The
measurements were taken using a J-type thermocouple wire, kept in the pulp
chamber and linked to a data logger. Pulp chamber temperature changes were
affected by the light source, the type of tooth, and the distance from the tip of the
light guide to the bracket surface. Halogen induced significantly more of intrapulpal

temperature changes than light-emitting diode and Xenon Plasma Arc .The
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temperature increase was significantly higher when the light-guide tip was placed
on the teeth at the 10-mm distance with all light-curing units. All light-curing units
generated higher intra pulpal temperature increase in the mandibular incisor than in
the premolar. Power PAC generated significantly higher heat changes in the incisor
than in the premolar. Orthodontic bonding with different light-curing units did not

surpass the critical 5.5°C value for pulpal health

Nikolaos Pandis (2007)>° conducted a study and concluded that, high-intensity
LED curing lights presented a 2.5 times higher failure rate compared to plasma
lamps for nominally identical irradiation time. Mandibular teeth show almost 150%
higher failure occurrence compared with maxillary teeth. No effect from the arch

side (right vs left) and location (anterior vs posterior) was recognized in this study.

Hajrassie, M.K.A. (2007)°! conducted a study to evaluate and compare in-vivo and
in-vitro bond strengths of orthodontic brackets bonded to human enamel and
debonded at different times. An in-vivo debonding device was confirmed and used
to check the bond strengths in the oral environment. Results showed no significant
differences among the in-vitro or the in-vivo groups. The in-vivo group had
significantly less mean bond strength values. In addition, the probability of bond
affirmed the significant difference between in-vitro and in-vivo environments.

Reported bond strength values were not time dependent.

Asli Baysal (2008)% evaluated the influence of high-intensity light curing units
(light-emitting diode and plasma arc curing ) on the microleakage of flexible spiral
wire retainers at the composite/enamel and composite/wire interfaces.
Multistranded Penta One wire of .0215 inch size was bonded to enamel and was
cured with three different light curing units: a quartz-tungsten-halogen unit and two
high-intensity units. A conventional halogen light was used as the control. Very
less microleakage was detected at the composite/enamel interface of the FSWR
cured with three different light sources. However, at the composite/wire interface,

statistically significant differences were found between the QTH and high-intensity
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curing units. The PAC resulted in the greatest expanse of microleakage ,whereas
no statistically significant difference was noted between the PAC and the LED
.High-intensity light curing units had statistically significant microleakage at the
composite/wire interface and therefore is unsafe for bonding FSWRs.

Kathryn Durey (2008)*conducted a study evaluate the intrapulpal temperature
rise occurring during polymerisation of different shades of resin-based composites
,and two light-emitting diode units. Pulp temperature rises during bonding was
always greater during resin based composite (RBC) curing , and these were
significant for both LED lights but not for the halogen control, irrespective of the
shade . Pulp temperature rises during bonding were higher with the LED lights than
with the halogen control. There was no significant difference in temperature rise
between the two LED lights when bonding but there was a significant difference
between the two LED lights and the halogen control(Light curing unit) LCUs. The
results support the view that there is a potential threat for heat-induced pulpal injury
when light-curing (resin based composite) RBCs. The risk is greater during bonding
and with high energy, as compared to low-energy output systems. As the extent of
tolerable thermal trauma by the pulp tissues is not known, care and consideration
has be given to the choice of (Light curing unit) LCU and the exposure time when

curing RBCs, and especially during bonding.

Thaise Graciele Carrasco (2008)°* in a study determined the temperature rise
induced by the light-activated dental bleaching technique using different light
sources in vitro the pulp chamber. Three groups were designed for each condition
(bleach or no bleach) according to the use of 3 light sources advised for dental
bleaching: a light-emitting diode (LED)laser system, a LED unit and a conventional
halogen light. The light sources were placed perpendicular to the buccal aspect at a
distance of 5 mm and activated for 30 s. The differences between the initial and the
highest temperature readings for each sample were obtained, and, from the

temperature changes. It was concluded that during light-activated tooth bleaching,
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with or without the bleaching agent, halogen light promoted higher pulp chamber

temperature change than LED unit and LED-laser system.

Kramer, N(2008)® in a review accumulated information about the new
technologies for state-of-the-art light curing of resin composite materials. The
conclusions were: (1) curing time of 2 mm thick increments of resin composite can
be reduced to 20 seconds to obtain durable results with high-power LED units of
the latest generation,; (2) curing depth is mainly dependent on the distance of the
resin composite to the light source, but only decisive when it exceeds 6 mm; (3)
polymerization kinetics can be improved for better marginal adaptation by soft start
polymerization (4) when resin composite is applied directly, adhesives should be
light-cured separately for at least 10 seconds; (5) As the photocuring through
indirect restorations is still a problem, both dual-cured adhesives and dual-cured
composites and resin coating are recommended; and (6) heat production with high-
power photopolymerization units should not be underestimated as a biological

problem for both gingival and pulpal tissues.

Sibel A Antonson (2008)°® performed a study to compare the curing efficiency of
10 new generation LED light curing units (FLASH-lite 1401, LE Demetron 1,
Coltolux, Ultra-Lume 5, Mini LED, bluephase, Elipar FreeLight 2, Radii, Smartlite
IQ and Allegro) for depth of cure against a high-powered halogen lighcuring t unit
(Optilux 501). Depth of cure measurements were utilized as per the ANSI/ADA No
27 standard to detect differences between the lights at three time intervals (10, 20
and 40 seconds). A total of 660 samples were taken (n=10/group). Results showed
that FLASH-lite 1401 performed significantly better compared to the other lights
at 10- and 20-second time intervals. This study also demonstrated that an exposure
time of 20 seconds or longer ensure a better depth of cure, optimal polymerization
time for all of the curing light units 40 seconds being.
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Gabriele Corciolani et al (2008)° investigated the influence of shape of the light
guide on the efficacy of polymerization of a light-activated resin-based composite
cured with LED units as a function of the distance between the tip and the
restoration. Two different LED units, each with different light guides and shapes,
were included. The ability to cure a single restorative material was evaluated.
Considering the ratio (R) between the entry diameter and the exit diameter of the
light guide, the tips with a higher R-value were found to be more efficient if the tip
and composite distance (D) was less than 5 mm, while for D > 5 mm, the tips with
a lower R-value showed better results. The tip geometry of the tested light guide
had a significant effect on the depth of cure of the tested resin composites.
Therefore, depending on the distance, the more suitable light guide has to be

selected, based on the clinical scenario."

Davide Mirabella et al (2008)% tested the hypothesis that bonding with a blue
light-emitting diode (LED) curing unit would result in no more failures in adhesive-
precoated (APC) orthodontic brackets than bonding carried out by a conventional
halogen lamp. In 34 of the randomly chosen patients, assigned group A, the APC
brackets of the right maxillary and left mandibular quadrants were bonded using a
halogen light, while the remaining quadrants were cured with an LED curing unit.
In the other 31 patients, designated group B, halogen light was used to cure the right
mandibular and left maxillary quadrants, whereas the APC brackets in the
remaining quadrants were bonded with a LED curing light. The bonding date, the
type of light used for curing, and the date of any bracket failures over a mean period
of 8.9 months were noted for each bracket .No statistically significant difference in
bond failure rate was found between the two groups. However, significantly fewer
failures were noted in the maxillary arch than in the mandibular arch after each

light-curing technique.

Jeffrey A Platt et al(2009)° evaluated the impact of curing distances using three
different types of lights sources in terms microhardness of the surface of a resin
composite as a function of power density. As the curing tip distance increased ,the

mean Knoop microhardness values decreased significantly. Fifteen minutes after
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light cure, effective hardness percent values (> 80%) were attained in a few

experimental groups.

Christos Rahiotis (2010)% evaluated the curing efficiency of 4 high-intensity light-
emitting diode (LED) devices by determining the percentage of residual C=C
(%RDB), surface microhardness (SM), depth of cure (DC), percentage of linear
shrinkage-strain (%LS), and percentage of wall-to-wall contraction (%WW(C). The
light-curing units used were a QTH light, the Elipar TriLight (3M/ESPE), and 4
LED devices - the Allegro (Denmat), the Bluephase (lvoclar/Vivadent), the
FreeLight2 (3M/ESPE), and The Cure TC-01 (Spring Health Products). The %RDB
was evaluated by microFTIR spectroscopy. Microhardness measurements
(Vickers) were conducted at the surface (HO) and at depths of 3 mm (H3) and 5 mm
(H5) of cylindrical samples. Depth of cure was defined as the ratio of microhardness
at each depth, relative to the corresponding surface value (H3/HO and H5/HO). The
bonded disc method was used to assess %LS. For the %WWC measurement,
cylindrical resin restorations were imaged by high resolution micro-CT and the
%WWC was calculated at depths of 0 mm and 2 mm. There were no statistical
differences among the LEDs in %RDB or %LS. The Bluephase and Allegro had
the greatest SM values. As compared with the other LEDs, the Bluephase and The
Cure TC-01 had lesser values for depth of cure at depths of 3 mm and 5 mm. There
were no significant differences in %WWC among the LEDs at either depth, and the
QTH had the lowest %WWC at both depths.

Madhukar Reddy Rachala,(2010)%! conducted a study with the objectives of
evaluating the shear bond strength (SBS) of orthodontic brackets bonded to teeth
with a LED LCU at 10, 20 and 40 seconds and comparing them with that of 40
seconds light curing with a conventional halogen-based LCU (Hilux unit, Heraeus
Kulzer comp.). Also to determine the amount of adhesive remaining on the tooth
after debonding using Adhesive Remnant Index (ARI). All the recordings were
assessd statistically revealed that, no statistically significant differences were seen
among the shear bond strengths of 40 sec halogen, 20 sec LED and 40 sec LED
cured groups; but the bond strength of 10 sec cure LED group had significantly

24



Background and review of literature

lower than the other groups. There were no significant differences in the ARI scores

between the 4 groups tested.

Erion Cerekja (2011)%?in a study concluded that Curing time can be shorten to 6
seconds with high-power halogen light and to 10 seconds with high-intensity LED
without compromising the in vitro SBS of metal brackets.

Carine Maccarini Dall'lgna (2011)%3conducted a study to evaluate the impact of
two light units, a light-emitting diode and a plasma arc light , on the shear bond
strength of brackets bonded to enamel. In the LED group, the specimens were
cured for 5, 10, and 15 seconds and in the PAC group, the samples were light cured
for 3, 6, and 9 seconds. The highest mean SBS was attained with the LED at 15
seconds, which did not significantly differ from the LED 10 or 5 second groups.
The LED 10 and 5 second groups were not significantly different from the PAC 9
second group or from the PAC 6 second group .The least mean SBS was obtained
with the PAC 3 second group, which did not differ significantly from the PAC 6
second group. The method of light curing did not have any influence the ARI, with
score 3 predominant. The LED at 5 seconds and the PAC at 3 seconds provided the
required mean SBS to oppose either orthodontic or masticatory forces.

Mohammed A Wahbi, (2012)% evaluated the heat emissions produced by light-
curing units of different intensities during their operation. Five commercially
available light curing units were checked: a "Flipo" plasma arc, "Cromalux 100"
quartz-tungsten-halogen, "L.E. Demetron 1" second-generation light-emitting
diode (LED), and "Blue Phase C5" and "UltraLume 5" third-generation LED light
curing units. Temperature changes were monitored in continues 10 and 20 s
intervals up to 300 s. The Flipo light source had the highest mean heat emission
while the L.E. Demetron 1 LED showed the least mean value at 10 and 20 s
exposure times. Moreover, Cromalux (QTH) showed the second highest value for

all intervals of heat emission than Blue Phase C5 (LED) , at 20 s illumination for

25



Background and review of literature

all intervals the highest results were also recorded with Flipo (PAC) LCU, and the
lowest with L.E. Demetron 1 LED, while Blue Phase C5 (LED) showed the second
highest value at the 1st and 2nd 20 s intervals of heat emission than Cromalux
(QTH) . The rate of temperature or heat rise during the 10 and 20 s depends on light
intensity of emitted light. However, the QTH LCU resulted in a higher temperature
rise than LED curing units of the same power density.The PAC curing unit induced
a significantly higher heat emission and temperature rise in all periods, and data
were statistically different than the other tested groups . LED (Blue Phase C5) was
not statistically significant (at 10 s) than QTH units, also LED (Blue Phase C5,
UltraLume 5) produced obvious heat emission and temperature rises than QTH
units (at 20 s) except for those which have lower power density of LED curing units

(first generation).

Sergio Luiz Mota JUnior(2013) developed a new equipment to be coupled to
light-curing units for bonding orthodontic brackets and accessories, and checked its
efficacy in an in vitro mechanical trial. The inner surface of the device is mirrored
and is based on physical concepts of refraction and reflection light. The main
advantage of such an equipment is the reduced clinical time required for bonding
and the least possibility of contamination during the process. The shear bond
strength and adhesive Remnant Index (ARI) was assessed. The tests of mechanical
trials and the ARI analysis showed that the new device fulfilled the requirements
for bonding , and that the time for bonding was lowered to half, being necessary

only one light exposure.

Murilo Gaby Neves (2013) % assessed thhe shear bond strength and ahdesive
remnant index (ARI) of self-curing (ConciseTM - 3M and Alpha Plast - DFL) and
light-curing composites (TransbondTM XT - 3M and Natural Ortho - DFL), bonded
to Morelli metal brackets. These samples were sorted in to four groups: G1 group,
the brackets were bonded with ConciseTM - 3M composite; in G2 group, Alpha
Plast - DFL composite was used; in G3 group, TransbondTM XT - 3M; in G4
group, Natural Ortho - DFL composite was used. These groups were subjected to

shear strength tests using universal testing machine, at 0.5 mm per minute speed.
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Shear bond strength was satisfactory and were similar between the composites,
however Natural Ortho - DFL showed the best comparing to TransbondTM XT -
3M.

Anika Braun et al, (2013)% evaluated if bovine teeth are appropriate substitutes
for the respective human hard tooth tissues to test shear bond strength (SBS) and
fracture analysis. Study concluded that solely conducted SBS on bovine substrate
are not enough to judge the perfomance of adhesives, thus bovine teeth are

questionable as a substitute for human teeth for shear bond testing.

Kenan Cantekin et al (2014 )®8 conducted a study to evaluate the temperature rises
in the pulp chamber caused by halogen, plasma arc, and conventional light-emitting
diode (LED) curing units with that induced via a new generation LED-curing unit
(VALO) in extra power mode. The greatest rise in temperature were observed
during polymerization of composite resin with a halogen curing unit (3.2 degrees
Celsius), followed by plasma arc curing (2.07 degrees Celsius) and VALO curing
(1.44 degrees Celsius); the lowest temperature rise was observed with conventional

LED curing (1.01 degrees Celsius).

Sertac Aksakalli (2014)% assessed the effects of different curing units and light-
tip tooth surface distances on the temperature increase produced during orthodontic
bonding, using an infrared camera (IR) and artificial neural networks (ANN). The
LED unit caused significantly higher temperature changes than did the high
intensity qurtz tungsten halogen.The temperature increase during orthodontic
bonding was increased with increase in exposure time. A shorter light-tip tooth

surface distance leads to more increase in temperature.

Gomes P (2014)7 evaluated the impact of light exposure time on the adhesive
strength and the failure mode of orthodontic brackets bonded to human teeth.The

study concluded that both the SBS and the failure mode were statistically related
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to the exposure time. Reduction in the exposure time less than 10s, decreases the
bracket bond strength. The bracket-adhesive interface had the weakest adhesive
link .

Justin D Ward( 2015)* conducted a study to determine the performance of
brackets cured with a high-intensity, light-emitting diode with a shorter curing time.
The teeth in the maxillary right and mandibular left quadrants were cured for 6
seconds with a high-intensity LED light and the maxillary left and mandibular right
quadrant teeth were cured for 20 seconds with a standard-intensity LED light. No
difference was seen in bond failure rates between the two curing methods. Both
methods had bond failure rates low enough to be considered clinically sufficient.
The high-intensity LED light used with reduced curing time may be considered an

advantage due to the reduced chair time.

Sabri Ilhan Ramoglu (2015)"2 conducted a study to assess and compare intra
pulpal temperature increase with three different light-curing units by using a study
model replicating pulpal blood micro circulation. A J-type thermocouple wire was
inserted into the pulp chamber through a access drilled on the palatal aspect of the
teeth. Four measurements were made using each tooth for four different modes:
group 1, 1000 mW/cm? for 15 seconds; group 2, 1200 mW/cm? for 10 seconds;
group 3, 1400 mW/cm? for 8 seconds; and group 4, 3200 mW/cm? for 3 seconds.
The tip of the light source was placed at 2 mm to the incisor's labial aspect.The
highest temperature rise was seen in group 1, followed by group 2 and group 3. The
lowest temperature rise value was recorded in group 4; this value indicated
significantly lower AT values when compared to group 1 and group 2.The lowest
intra pulpal temperature rise was produced by 3200 mW/cm? for 3 seconds of
irradiation. Inspite of the significant differences among the groups, the temperature
increases recorded for all groups were below the critical value of 5.6°C.

E Armellin (2016)” conducted an in vitro study to determine thermal changes on

tooth tissues during light exposure using two different LED curing units. The
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hypothesis was that irrespective of the use of a composite resin or a light-curing
unit, no temperature increase could be detected within the dental pulp during
polymerization. Polymerization data assessment showed that in the pulp chamber
temperature increase was higher than that without resin. Starlight PRO, in the
equivalent condition of Valo lamp, showed less temperature increase in pre- and
intra polymerization. Temperature elevation during resin curing is a function of the
rate of polymerization, due to the exothermic polymerization reaction, the energy

from the light unit, and time of exposure.

Jang et al (2016)"* examined the influence of insufficient light exposure on the
polymerization of conventional and self-adhesive dual-cure resin cements under
ceramic restorations. Conventional dual-cure resin cements and two self-adhesive
resin cements were polymerized using different curing modes (dual-cure or self-
cure), curing times (20 and 120 seconds), and thickness of the ceramic overlay (2
and 4 mm). Polymerization kinetics was measured using a Fourier transform
infrared spectroscopy for the initial 10 minutes and after 24 hours. When light-
curing time was set to 20 seconds, the presence of the ceramic block significantly
influenced the degree of conversion (DC) of all resin cements. Especially, the DC
of the groups with 20 seconds of light-curing time under 4 mm of ceramic thickness
was lower compared to the self-cured groups at 24 hours after polymerization.
However, when light-curing time was set to 120 seconds, a similar DC compared
with the group with direct light exposure was obtained in all dual-cure groups
except Maxcem Elite, at 24 hours after polymerization. For both conventional and
self-adhesive dual-cure resin cements, inadequate light exposure (20 seconds of
light-curing time) through thick ceramic restoration (4 mm thick) resulted in a DC

even lower than that of self-curing alone

Rafael Francisco Lia Mondelli (2016)" conducted a study with the aim to
measure the increase in intra pulpal temperature induced by different light-activated
bleaching procedures with and without the use of a bleaching gel. A human
maxillary central incisor was cut 2 mm below the cementoenamel junctionThere

were statistically significant differences in temperature increases between the
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different light curing units used and between the same light sources with and
without the application of bleaching gel. The presence of a bleaching gel produced
an increase in intra-pulpal temperature in groups activated with halogen light,
hybrid light, and high intensity LED. Compared to the other light sources, the
conventional halogen lamp source of light over the bleaching gel induced a
significant increase in temperature (3.83+0.41°C). The green LED unit with and
without gel application did not generate any significant intra pulpal temperature

differences.

Javad Chalipa(2016)’® conducted a study to determine the impact of conventional
and high-power light emitting diode (LED) light curing units on shear bond strength
(SBS) of metal and ceramic brackets to tooth surface. The study concluded that,
type of LED unit did not affect SBS. But the type of bracket significantly affected
SBS. ARI score was not significantly influenced by the interaction between the type
of LED unit and bracket type. The obtained SBS for both bracket types by use of
high-power and conventional LED light curing units were the same. Regardless of
the type of LED unit, SBS of ceramic brackets was significantly lower compared
to the metal brackets.

Abdullah Alper Oz(2016)"" performed a study to compare the clinical failure rates
and the in-vitro bond strengths of metal brackets bonded with different light-
emitting diode (LED) devices and curing times. A split-mouth design was used,
with the adhesive in group 1 cured with an LED unit (Elipar S10)for 10 seconds,
and the adhesive in group 2 cured with another LED unit (VALO Ortho;) for 3
seconds. Bond failures for 12 months of orthodontic treatment were recorded. In-
vitro performance of the brackets was also assessed by bonding brackets to
extracted premolars and using the same light units and curing times . The adhesive
remnant index was used to evaluate the bond failure interface. Bond failure rates
were 2.90% for the Elipar and 3.16% for the VALO curing units. The difference in
bracket failure rates between the 2 LED devices was not significant statistically. In-
vitro bond strengths between groups did not show any statistically significant

difference. The findings regarding long-term clinical survival rates and in-vitro
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bond strengths denotes that bracket bonding can be safely accomplished in 10
seconds of light-curing with an Elipar LED and 3 seconds of light-curing with a
valo LED.

Anil Tiwari et al (2016)"8in an in vitro study determined the effect of the dental
chair light on the bond strength of light cured composite resinLight cure bonding
with dental chair light switched on produced greater bond strength .In both the
groups ARI score were similar. It is suggested that the inexperienced orthodontist
should always switch off the dental chair light while bonding for enough working
time during the bracket placement.

Mustafa M. Al-Khatieeb et al (2017)" assssed the influence of different curing
time of LED light cure on the shear bond strength of stainless steel orthodontic
brackets fixed to human teeth in comparison with light exposure of 40 seconds from
a conventional halogen-based light-curing device which was used as a control. The
brackets were bonded using Halogen light cure for 40 seconds in the first group.
Brackets were bonded using Woodpecker i-Led light cure for 3 seconds in the
second group, while in the third group, the brackets were fixed using Woodpecker
i-Led light cure for one second. The shear bond strengths of both groups of LED
unit were higher compared to halogen one, with a statistically significant difference.
Predominant scores for the adhesive remnant index were score 2 and 3, with a non-
significant difference among groups tested. Both of the LED units groups showed
clinically acceptable shear bond strength in comparison to that of halogen, so the
time of bonding reduced without affecting the shear bond strength or enamel

surface after debonding.

Vasudevamurthy Akshatha (2019)%° conducted a study to test the FlashCure unit.
The mean shear bond strength of the brackets cured with the FlashCure unit was
8.88mPA (+ .57), compared with 8.40mPA (£ .57) for the conventionally cured
brackets. The difference was statistically significant
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Ines Dallel(2019)8 compared fourth, fifth and seventh generation adhesive systems
performance (GASSs) and the effect of two different light curing units on shear bond
strength (SBS). Bonds were then evaluated as following: group 1 using 4th GAS,
group 2 using 5th GAS, group 3 and 4 using 7th GAS with two different light curing
units (1500 and 800mw/cm2). Group 1 and 2 had similar SBSs which were
significantly higher than group 3. Group 4 displayed significantly the weakest SBS.
Applying shear forces below 15MPa on group 3 bonds led to the dislodgment of
almost all of the of brackets. Whereas, applying the same forces on group 2 bonds
leads to the debonding of 66.7% of brackets. Notably, only 40% of brackets in
group 1 got debonded. Group 4 brackets were completely debonded when applying
shear forces below 10MPa. While ARI=0 was the more frequent in group 1, ARI=3
was the most frequent in group 3. Fourth and fifth GASs showed similar SBS higher
than seventh GAS. Fourth GAS bonds resisted longer against traction forces than
those set up by fifth generation. Seventh GAS bonds offered the least effective
resistance. ARI=0 was the highest in group 1.Group 4 had the highest ARI=1 and
ARI=2 revealing cohesive failure. Study also identified that the adhesive power is
proportional to the power of the lamp used and concluded that 1500 mw/cm2 units
light curing during 30seconds generated an ideal energy to reinforce orthodontic

bracket adhesion.

Shadwa H. Kabil,et al (2019)%? conducted a study on comparison of teeth
sensitivity and shade with decreasing different light intensities after bleaching
protocol versus bleaching protocol with the same high light intensity. Decreasing
light intensities protocol showed a lower teeth sensitivity compared to high light
intensity protocol after 1 and 2 days. There was no sensitivity of teeth reported at
1-week post-bleaching. Regarding the teeth shade, decreasing light intensities
protocol had a higher effect on colour change in shade guide units (SGU) than high
light intensity protocol effect. Both bleaching protocols showed there was not any
significant difference in ASGU recorded after bleaching between high and
descending light intensities protocols. A lower teeth sensitivity was seen with
descending different light intensities protocol than high same light intensity

protocol. Descending light intensities protocol also had a little higher effect on
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colour change in shade guide units (SGU) compared to high light intensity protocol
effect

Anna-Lena Groddeck et al(2020)® in an vitro pilot study measured the
temperatures in the pulpal cavity with non pulpal circulation approaches. In the
study four groups of lower and upper incisors, premolars and molars were included
by dividing 60 extracted teeth equally. The temperature rise was calculated for the
first series on each tooth without a bracket, without and with the recommended
hygienic barrier case for the LED light curing device, and exposure to light once
versus twice starting at 37 °C (body temperature) as the reference. A metal bracket
was also bonded to each tooth in the second test sequence. The light exposure
distance was increased to 4 mm in the third series. Significant changes in the
intrapulpal temperature were seen in all three test series: the highest temperatures
were identified once after light exposure without the hygienic barrier case. This
method revealed temperatures even higher than 42.5 °C in the lower incisors and
premolars in the first set of studies. According to the manufacturer's
recommendation for an LED light curing device with in vitro non-pulpal circulation
approaches, significant increases in the temperature of the pulp cavity (up to 42.5

°C) can occur during bonding brackets.
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RELEVANCE

Bonding of brackets on teeth forms the footing of fixed orthodontic treatment. It is also
one of the most time consuming procedure. Bonding the upper and the lower arch on
the same day makes the patient feel exhausted as he or she have to keep the mouth open
throughout the entire process. Splitting the appointment would increase the number of
patient visits. Protocols and methods that can reduce the time required for bonding
procedure without compromising the quality of treatment can address this problem

effectively.

Many studies were done on reduction of curing time using high intensity curing units
which advocates time as less as 1 to 3 seconds to cure a tooth. Though the curing time
is reduced with these devices, the protection of pulpal tissue is not always guaranteed.
Another alternative to reduce the curing time without causing any injury to the pulpal
tissue is to use a curing unit that can cure multiple teeth in one shot, with an intensity

not above the range that causes any pulpal damage.
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METHODOLOGY

MATERIALS USED:

=

© 0o N o g bk~ w DN

Alginate impression material (Septodont Mariflex)

Wax blocks (Mdm)

Cold cure acrylic polymer (DPI -RR)

Cold cure acrylic monomer(DPI - RR)

Putty material(3M Dental Express XT VPS Impression Material)
37 % phosphoric acid gel (3M)

Transbond XT Primer (3M Unitek)

Transbond XT composite resin(3M Unitek)

MBT bracket Kit (Modern Sapphire Metal Brackets)

EQUIPMENTS USED

1.

2
3
4.
5
6

BLUE PHASE N R MC light cure unit

. SINSATIONAL SMILE bleaching unit

Universal testing machine (AG 1 AUTOGRAPH)
Light stereomicroscope(MagnUs)
Lightmeter(Blue phase meter I1)
Photometer(Spectra physics)

STUDY SETTING

Department of Orthodontics and Dentofacial Orthopaedics ,St.Gregorios Dental

College, Kothamangalam.

Cochin University of Science and Technology, Kochi.
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Sample Size calculation

Sample size calculated is 179. 180 samples will be considered for the study which will
be distributed among 12 groups.

3

1 z o+ 2183\
n4g=knpg and ng = (1 4 _) (g —— 1 )
‘ [ta — B

1-B=2(2—210p) +®(-2—21ap) , 2= Li

75/ Sy
* k=nA/nBkx=nA/nB is the matching ratio
* o0 is standard deviation
* OO is the standard Normal distribution function
+  ®—1d-1 is the standard Normal quantile function
* aais Type I error

« PP is Type II error, meaning 1-P1—P is power

Inclusion Criteria

+ Extracted human maxillary incisors, canine, premolar, molar teeth
« Non carious teeth

« Teeth with no enamel defects on buccal aspect

Exclusion Criteria

« Carious teeth
« Teeth with enamel defects on buccal aspect

« Teeth with altered morphology
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SORTING OF SAMPLES

The samples were divided in to three groups:

1. The control group in which the samples were cured with a standardized single
tip LED curing unit (BLUE PHASE N R MC).

2. Experimental group 1 in which the samples were cured with cluster LED unit
(SINSATIONAL SMILE bleaching unit) for 15 seconds and

3. Experimental group 2 in which the samples were cured with cluster LED unit
(SINSATIONAL SMILE bleaching unit) for 30 seconds.

CURING UNITS USED

Curing unit Light intensity Wave lengths
Control group: *800mW/cm?
*430 — 490 nm
(BLUE PHASE N R MC) *%850mW/cm?
Experimental group: *2000mW/cm? *430 - 490 nm
(SINSATIONAL SMILE)
**800mw/cm?

Table 2: Light intensity and wave lengths of curing units
*manufacturer’s value

**yalue obtained after checking with photometer
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Samples were grouped as given in the following tables:

CONTROL GROUP: SINGLE TIP LED UNIT (15 SEC CURING)

GROUP TEETH CURING TIME | SAMPLE SIZE (n)
GROUP 1 MAX INCISORS 15 sec 15
GROUP 2 MAX CANINE 15 sec 15
GROUP 3 MAX PREMOLAR | 15sec 15
GROUP 4 MAX MOLAR 15 sec 15

Table 3: Control group samples

EXPERIMENTAL GROUP 1:CLUSTER LED UNIT (15 SEC CURING)

GROUP TEETH CURING TIME | SAMPLE SIZE (n)
GROUP 5 MAX INCISORS 15 sec 15
GROUP 6 MAX CANINE 15 sec 15
GROUP 7 MAX PREMOLAR | 15 sec 15
GROUP 8 MAX MOLAR 15 sec 15

Table 4 : Experimental group 1 samples

EXPERIMENTAL GROUP 2: CLUSTER LED UNIT (30 SEC CURING)

GROUP TEETH CURING TIME | SAMPLE SIZE (n)
GROUP 9 MAX INCISORS 30 sec 15
GROUP 10 MAX CANINE 30 sec 15
GROUP 11 MAX PREMOLAR | 30 sec 15
GROUP 12 MAX MOLAR 30 sec 15

Table 5: Experiment group 2 sample
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PREPARATION OF SAMPLE

Collection and storage of specimens

A total of 180 extracted human maxillary teeth without any visible enamel defects on
the labial/buccal surface i.e; maxillary incisors (45), canines(45) , premolars (45) and
molars(45) were collected and stored in 0.1 % thymol solution at 4%, until the start of
the study. Ultrasonic scaling was performed on all the teeth(fig 1). Teeth were then
polished for 10 sec with a prophy cup and pumice and rinsed with water. Specimens

were then sorted in to the control and experimental groups.

Making of specimens

Control group

To prepare tooth embedded acrylic blocks, alginate impression material was used to
make the impressions of wax blocks of dimensions 1.5cm x 2.5 cm. The wax blocks
were removed and the mould spaces were filled with cold cure acrylic. Teeth were then
embedded in the acrylic block, before it was set(fig 2). To distinguish between different
groups, dyes were added. Pink colour was used for the control group, Once the acrylic

was set, the blocks were taken out, trimmed and polished (fig 4).

Making of Jig

To simulate patient’s oral cavity, teeth belonging to the control group were arranged in
an arch form. Putty impression material was used to make the mould spaces to receive
the acrylic blocks, which was then fixed on to the metallic rim attached plastic

articulator (fig 3,5,6). And finally, the whole set up was secured on to a phantom head.

Experimental group

Before bonding the teeth belonging to the experimental groups were arranged in an
arch form on an occlusal rim which was made up of wax(fig 13). It was then fixed on
to the articulator with the metallic jaw. Finally the model was positioned on the
phantom head for bonding(fig 14, 15).
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Checking the Light intensity

Before bonding, the light intensity of both the single tip (fig 9) and cluster LED units

were checked using a photometer (fig 12).

Single tip LED unit was placed as close as to the photometer similar to the bonding
position of the teeth to check the intensity. And in the cluster LED unit the LED series
were moved forward with in the light housing in such a manner that it is within a range

of 10 mm from the photometer.

Bonding of brackets (control group)

Teeth were then acid etched for 15 seconds, as per manufacturer’s instructions with 37
% phosphoric acid ; rinsed with water for 15 seconds and air dried for 5 seconds to
produce a chalky enamel surface. Adhesive primer was applied and polymerized using
single tip LED curing unit. Trans bond XT composite resin was applied to the base of
the bracket by a single operator, and was cured with single tip curing unit for 15
seconds.(fig 10)

Bonding of brackets (experimental group)

Acid etching, rinsing and drying done,(fig 14,15) similar to the control group. Half of
the arch was then blocked with a partitioner to ensure that the light does not pass on to
the covered portion. Rest of the arch was then applied with the adhesive primer and
cured with cluster LED unit for 15 seconds. Brackets were positioned on the teeth using
a bracket positioner with the help of a bracket gauge and then lightly pressed. Excess
adhesive was then removed. Samples of experiment groupl were then cured with
cluster LED unit for 15 seconds. Same procedures were repeated for experimental
group 2 except that bracket curing was done for 30 seconds instead of 15 seconds. The
other half of the arch was then bonded blocking, the bonded half-arch from light
exposure. While curing with cluster LED unit, precautions were taken to ensure that
the LED light source was positioned with in a range of 10 mm from the bonding
surface.(fig 16,17)
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Preparation of experimental group before testing

After bonding, the teeth in the experimental groups were set in the acrylic blocks
similar to the control group. Light purple coloured dye was used for experimental group

1(fig 19) and light bluish green colour was used for experimental group 2(fig 20).

Testing the sample

After bonding, the specimens were kept in distilled water for 24hrs before testing the
shear bond . The mechanical testing was performed using a universal testing machine
(UTM) (fig 21). Each specimen was stressed at the junction of the bracket and adhesive
in an occluso gingival direction (parallel to long axis of tooth) with a 50 kg load cell of
0.5 mm/ min until the brackets were debonded (fig 22). After bond strength testing, all
specimens were visually examined with a stereomicroscope at 10x magnification(fig
23,24) by a single examiner to assess the adhesive remnant scores and enamel fracture

pattern.
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FIG 3: Jig for placing the control group in an arch form
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FIG 4 : Control group samples mounted in acrylic blocks

FIG 5 :Control group samples set in arch form FIG 6 :Samples (control) fixed on to phantom head
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FIG 7b: Bonding instruments- Mouth mirror, tweezer, bracket positioner, bracket gauge, probe
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FIG 8: Blue phase LED unit for curing control group samples

FIG 9: Checking the light intensity
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FIG 10: Steps in bonding, a)Etching b)Rinsing c)Applying bonding agent d)Light curing of bonding
agent e)bracket positioning d)light curing of bracket.
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FIG 11:Sinsational smile bleaching unit for curing the experimental group.

FIG 12: Photometer to check the intensity of cluster LED curing unit
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FIG 15: Rinsing of etchant FIG 16: Curing after application of bonding agent

FIG 17: Light curing the metallic brackets
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FIG 19: Experimental group 1 after bonding(a)incisors (b)canines (c)premolars (d)molars
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FIG 20 : Experimental group 2 after bonding(a)incisors (b)canines (c)premolars (d)molars

FIG 21: universal testing machine FIG 22: Testing of shear bond strength

52



Methodology

FIG 23: Optical stereomicroscope

FIG 24:Visualizing the Adhesive Remanants using Optical stereomicroscope
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FIG 25: Adhesive remnants on tooth surface visualised at 10x magnification using an optical
stereomicroscope and grids for assessing the scores. Control group (a)incisors (b)canines
(c)premolars (d)molars
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C D

FIG 26: Adhesive remnants on tooth surface visualised at 10x magnification using an optical
stereomicroscope and grids for assessing the scores. Experimental groupl (a)incisors (b)canines
(c)premolars (d)molars
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C D

FIG 27: Adhesive remnants on tooth surface visualised at 10x magnification using an optical
stereomicroscope and grids for assessing the scores. Experimental group2 (a)incisors (b)canines
(c)premolars (d)molars
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RESULTS

This study involved comparison of shear bond strength of orthodontic brackets on
maxillary teeth cured with single tip LED curing unit and cluster LED unit. It also
compared the adhesive remnant index after the orthodontic brackets were debonded.
The study basically had three main groups, the control group which included the
samples cured with single tip LED unit for 15 seconds and two experimental groups
in which the samples were cured with cluster LED light curing unit for 15 seconds and
30 seconds respectively. Each main group was divided in to 4 sub groups based on the

tooth type as incisors, canines, premolars and molars group.

SHEAR BOND STRENGTH MEAN AND SD- CONTROL GROUP

CONTROL GROUP MEAN(Mpa) SD

Group 1 13.23 2.863
Group 2 13.73 2.062
Group 3 13.99 3.109
Group 4 13.35 2.936

TABLE 6: The mean shear bond strength of 15 samples (incisors ,canine, premolar and molar teeth in

the control group

SHEAR BOND STRENGTH MEAN AND SD- EXPERIMENTAL GROUP 1

EXPERIMENTAL

GROUP 1 MEAN(Mpa) SD
Group 5 9.385 1.699
Group 6 0.784 0.768
Group 7 9.993 1.826
Group 8 8.843 1.712

TABLE 7: The mean shear bond strength of 15 samples (incisors, canine, premolar and molar) in the

Experimental group |
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SHEAR BOND STRENGTH MEAN AND SD- EXPERIMENTAL GROUP 2

EXPERIMENTAL

GROUP 2 MEAN(Mpa) SD
Group 9 11.440 1.143
Group 10 12.028 2.221
Group 11 12.023 2121
Group 12 11.549 1.249

TABLE 8: The mean shear bond strength of 15 samples ( incisors ,canine, premolar and molar) in the

Experimental group 2

FREQUENCY DISTRIBUTION OF THEADHESIVE REMNANT INDEX

X2 P VALUE
VALUE

GROUPS 0 1 2 3
ARI (no (less than | (more (all left on
SCORES adhesive half  on | than half | tooth)

left on | tooth) on tooth)

tooth)

0 5(33.3%) | 8(53.3%) | 2(13.3%)
GROUP
1(control
incisor)

0 5(33.3%) | 9(60.1%) | 1(6.6%)
GROUP 5.92 0.74
2(control
canine)

0 6(40%) 8(53.3%) | 1(6.6%)
GROUP
3(control
pre molar)

0 6(40%) 8(53.3%) | 1(6.6%)
GROUP
4(control
molar)
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GROUP
5(E1
incisor)

2(13.3%)

7(46.6%)

6(40%)

GROUP
6(E1
canine)

3(20%)

7(46.6%)

5(33.3%)

GROUP
7(Elpre
molar)

3(20%)

7(46.6%)

5(33.3%)

GROUP
8(E 1 molar)

2(13.3%)

4(26.6%)

9(40%)

7.81

GROUP
9(E2
incisor)

6(40%)

8(53.3%)

1(6.6%)

GROUP
10(E2canine

)

6(40%)

9(40%)

GROUP
11(E2pre
molar)

1(6.6%)

7(46.6%)

7(46.6%)

GROUP
12(E2
molar)

1(6.6%)

6(40%)

8(53.3%)

182.06

0.001*

TABLE 9 : Frequency distribution of Adhesive remnant index
E1 EXPERIMENTAL GROUP 1
E2 EXPERIMENTAL GROUP 2
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STATISTICAL ANALYSIS

Data was analysed using the statistical package SPSS 22.0 (SPSS Inc., Chicago, IL)
and level of significance was set at p<0.05. Descriptive statistics was performed to
assess the mean and standard deviation of the respective groups. Normality of the
data was assessed using Shapiro Wilkinson test. Statistical analysis to find out the
difference before-after the groups was done using One way ANOVA with Tukey’s
HSD post hoc test to assess the difference within the group.

Comparison of mean shear bond strength within the control group

CONTROL

GROUP MEAN SD F value P value
Group 1 13.23 2.863

Group 2 13.73 2.062 0.1885 0.903
Group 3 13.99 3.109

Group 4 13.35 2.936

Table 10 : Comparison of mean shear bond strength of incisors ,canine, premolar and molar in the

control group

*p<0.05 is statistically significant

Post hoc test tukey’s HSD — comparison within the control group

COMPARISON P VALUE
Group 1 Group 2 0.95
Group 1 Group 3 0.99
Group 1 Group 4 0.99
Group 2 Group 3 0.88
Group 2 Group 4 0.98
Group 3 Group 4 0.92

Table 11: Post hoc test tukey’s HSD — comparison of mean shear bond strength of incisors ,canine,

premolar and molar in the control group
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Comparison of mean shear bond strength within the experimental groupl

EXPERIMENTAL

GROUP 1 MEAN SD F value P value
Group 5 9.385 1.699

Group 6 9.784 0.768 1.577 0.204
Group 7 9.993 1.826

Group 8 8.843 1.712

Table 12: comparison of mean shear bond strength of incisors ,canine, premolar and molar in the
experimental group 1

*p<0.05 is statistically significant

Post hoc test tukey’s hsd — comparison within the experimental group 1

COMPARISON P VALUE
Group 5 Group 6 0.89
Group 5 Group 7 0.71
Group 5 Group 8 0.77
Group 6 Group 7 0.98
Group 6 Group 8 0.35
Group 7 Group 8 0.19

Table 13: Post hoc test tukey’s HSD — comparison of mean shear bond strength of incisors ,canine,

premolar and molar in the experimental group 1
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Comparison of mean shear bond strength within the experimental group 2

EXPERIMENTAL

GROUP2 MEAN SD F value P value
Group 9 11.440 1.143
Group 10 12.028 2.221 0.475 0.700
Group 11 12.023 2121
Group 12 11.549 1.249

Table 14: comparison of mean shear bond strength of incisors ,canine, premolar and molar in the

experimental group 2

*p<0.05 is statistically significant

Post hoc test tukey’s hsd — comparison within the experimental group2

COMPARISON P VALUE
Group 9 Group 10 0.79
Group 9 Group 11 0.79
Group 9 Group 12 0.99
Group 10 Group 11 0.98
Group 10 Group 12 0.87
Group 11 Group 12 0.87

Table 15: Post hoc test tukey’s HSD — comparison of mean shear bond strength of incisors ,canine,

premolar and molar in the experimental group 2
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Comparison of mean shear bond strength between the sub groups in the three main
groups did not show any statistical significance indicating that the bond strength
achieved by incisors, canines , premolars and molars didn’t vary depending up on the
tooth structure and location in any of the main group. The mean shear bond strength

within in the groups were comparable.

COMPARISON OF MEAN SHEAR BOND STRENGTH BETWEEN THE SUB
GROUPS OF THE THREE MAIN GROUPS

CONTROL | EXPERIMENT | EXPERIMENT | F P
GROUP/ GROUP GROUP 1 GROUP 2 VALUE | VALUE
TEETH
MEAN | 13.23 9.385 11.440
INCISORS 13.504 | 0.0001*
SD 2.863 1.699 1.143

Table 16:Comparison between the incisor teeth of all the three groups

INCISORS P VALUE
Group 1 (control) Group 5 (EXP 1) 0.0001*
Group 1(Control) Group 9(EXP 2) 0.05
Group 5(EXP 1) Group 9(EXP2) 0.02*

Table 17: Post hoc test tukey’s hsd —comparison between the incisor teeth of all the three groups

*P</=0.05 IS STATISTICALLY SIGNIFICANT

CONTROL | EXPERIMENT | EXPERIMENT | F P
GROUP/ GROUP GROUP 1 GROUP 2 VALUE | VALUE
TEETH
MEAN | 13.734 9.784 12.028
CANINES 14.389 0.0001*
SD 2.062 1.768 2.221

Table 18: Comparison between the canine teeth of all the three groups
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CANINES P VALUE
Group 2 (control) Group 6 (EXP 1) 0.0001*
Group 2(Control) Group 10(EXP 2) 0.06
Group 6(EXP 1) Group 10(EXP2) 0.01*

Table 19: Post hoc test tukey’s hsd — comparison between the canine teeth of all the groups

*P</=0.05 IS STATISTICALLY SIGNIFICANT

CONTROL | EXPERIMENT | EXPERIMENT | F P
GROUP/ GROUP GROUP 1 GROUP 2 VALUE | VALUE
TEETH
MEAN | 13.99 9.78 12.02
PREMOLAR 13.183 | 0.0001*
SD 3.109 0.76 2.221
Table 20: comparison between the premolar teeth of all the three groups
PREMOLARS P VALUE
Group 3 (control) Group 7 (EXP 1) 0.0001*
Group 3(Control) Group 11(EXP 2) 0.05
Group 7(EXP 1) Group 11(EXP2) 0.02*

Table 21 :Post hoc test tukey’s hsd — comparison between the premolar teeth of all the three groups

*P</=0.05 IS STATISTICALLY SIGNIFICANT

CONTROL | EXPERIMENT | EXPERIMENT [ F P
GROUP/ GROUP GROUP 1 GROUP 2 VALUE | VALUE
TEETH
MEAN | 13.35 8.843 11.549
MOLARS 17.52 0.0001*
SD 2.936 1.712 1.249

Table22 : Comparison between the molar teeth of all the three groups
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MOLARS P VALUE
Group 2 (control) Group 6 (EXP 1) 0.0001*
Group 6(Control) Group 10(EXP 2) 0.05
Group 2(EXP 1) Group 10(EXP2) 0.01*

Table 23: post hoc test tukey’s hsd — comparison between the molar teeth of all the three groups

*P<0.05 IS STATISTICALLY SIGNIFICANT

COMPARISON OF ARI SCORES BETWEEN CONTROL AND
EXPERIMENTAL GROUP 1

P value
GROUPS 0 1 2 3 X2 value
ARI (no (less than | (more (all left on
SCORES adhesive halff on | than half | tooth)
left on | tooth) on tooth)
tooth)
0 5(33.3%) | 8(53.3%) | 2(13.3%)
GROUP1
(con incisor)
0 5(33.3%) | 9(60.1%) | 1(6.6%)
GROUP2
(con canine)
0 6(40%) 8(53.3%) | 1(6.6%)
GROUP3
(con pm) 136.25 0.0001*
0 6(40%) 8(53.3%) | 1(6.6%)
GROUP4
(con molar)
2(13.3%) 7(46.6%) | 6(40%) 0
GROUP 5
(E 15 incisor)
3(20%) 7(46.6%) |5(33.3%) |0
GROUP6
(E15 canine)
3(20%) 7(46.6%) |5(33.3%) |0
GROUP7
(E15 pm)
2(13.3%) 4(26.6%) | 9(40%) 0
GROUPS
(E 15 molar)

Table 24: Comparison between control and experimental group 1
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COMPARISON OF ARI SCORES BETWEEN CONTROL AND
EXPERIMENTAL GROUP 2

X2 value P VALUE

GROUPS 0 1 2 3
ARI (no (less than | (more (all left on
SCORES adhesive halff  on | than half | tooth)
left on | tooth) on tooth)
tooth)
0 5(33.3%) | 8(53.3%) | 2(13.3%)
GROUP1
(con incisor)
0 5(33.3%) | 9(60.1%) | 1(6.6%)
GROUP2
(con canine)
0 6(40%) 8(53.3%) | 1(6.6%)
GROUP3
(con pm)
0 6(40%) 8(53.3%) | 1(6.6%)
GROUP4
(con molar) 86.23 0.0001*
0 6(40%) 8(53.3%) | 1(6.6%)
GROUP
9(E30
incisor)
0 6(40%) 9(40%) 0
GROUP10
(E30canine)
1(6.6%) 7(46.6%) | 7(46.6%) |0
GROUP11
(E30 pm)
1(6.6%0) 6(40%) 8(53.3%) |0
GROUP12
(E30molar)

Table 25: Comparison between control and experimental group 2
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COMPARISON OF ARI SCORES BETWEENEXPERIMENTAL GROUP
1AND EXPERIMENTAL GROUP 2

X2 VALUE | P VALUE

GROUPS 0 1 2 3
ARI (no (less than | (more (all left on
SCORES adhesive half on | than half | tooth)

left on | tooth) on tooth)

tooth)

2(13.3%) 7(46.6%) | 6(40%) 0
GROUP 5
(E 15 incisor)

3(20%) 7(46.6%) |5(33.3%) |0
GROUP6
(E15 canine)

3(20%) 7(46.6%) |5(33.3%) |0
GROUP7
(E15 pm)

2(13.3%) 4(26.6%) | 9(40%) 0
GROUPS
(E 15 molar)

0 6(40%) 8(53.3%) | 1(6.6%)
GROUP9 65.35 0.0001*
(E30 incisor)

0 6(40%) 9(40%) 0
GROUP10
(E30canine)

1(6.6%) 7(46.6%) | 7(46.6%) |0
GROUP11
(E30 pm)

1(6.6%) 6(40%) 8(53.3%) |0
GROUP12
(E30molar)

Table 26 :Comparison Between Experimental Group land Experimental Group 2
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INTERPRETATION OF STATISTICAL ANALYSIS

Statistical analysis with One way ANOVA and Post Hoc Tukey’s HSD test to compare the
mean shear bond strength between the incisors(groupl), canines(group2), premolars(group3),
and molars(group4) in the control group showed no significant difference. Similar was the
results on comparison of mean shear bond strength within the experimental groupl; the
incisors(group5), canines(group6), premolars(group7), and molars(group8) showed no
significant difference. Even experimental group 2 also did not show any statistically significant
difference on comparison of mean shear bond strength between incisors(group9),
canines(group10), premolars(groupl1), and molars(group12).

One way ANOVA and Post Hoc Tukey’s HSD test was done to compare the mean shear bond

strength between the corresponding tooth of control group and experimental group 1 and 2.

On comparison of incisor groups, the control group (groupl) and experimental group 1(group5)
showed significant difference. Expeimental group 1(group5) and experimental group 2(group9)
also showed significant difference, where as no significant difference was noted between the
control group (group 1) and experimental group 2(group9)

Canine groups showed significant difference between control group(group2) and experimental
groupl(group 6) as well as experimental group1(group6) and experimental group2(group10).

But control group(group2) and experimental group2( group6) showed no significant difference.

Comparison the shear bond strength of premolar groups, showed significant difference between
the control group(group3) and experimental group 1(group?7) and also experimental group
1(group7) and experimental group 2(groupl11). But there was no statistical difference between

the control group(group3) and experimental group 2(groupl11).

Lastly the tests were also used to compare the molar groups and there was significant difference
between the control group(group4) and experimental group1(group8). Simlilarly experimental
group 1(group 8) and experimental group 2(group12) also showed significant difference. But
there was no significant difference when control group(group4) and experimental group 2

(group12) were compared.

ARI scores showed significant difference on comparison between the three groups.
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GRAPHS

COMPARISON OF SHEAR BOND STRENGTH BETWEEN THE GROUPS

i 180
14 113.23 13.35
12.02 12.02
12 - 11.44 11.545
o 7ea 9.993
10 - 9.285
8.843
8 .
6 .
4 -
86 1 93
06
0 .
v v v (75] wn v (%) (%)) (%) (%) (%) (%)
‘AN NN BN BN 0N N O NN BN NN NN
5| 2| 2| o|&8|2|a|a|8|2|a|c@o
z O 2 = z O = = Z S = S
(o' o (o'
o (o' (o
CONTROL EXP-1 EXP- 2
m MEAN = SD

Graph 1: Comparison of shear bond strengthbetween the control group,
experimental group 1 and experimental group 2
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COMPARISON OF SHEAR BOND STRENGTH WITHIN THE CONTROL
GROUP

GRAPH 2- CONTROL GROUP
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Graph 2: Comparisonof shear bond strength between the sub groups of control group
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COMPARISON OF SHEAR BOND STRENGTH WITHIN THE
EXPERIMENTAL GROUP

Graph 3: Comparison of shear bond strength between the sub groups of Experimental group 1
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COMPARISON OF SHEAR BOND STRENGTH WITHIN THE
EXPERIMENTAL GROUP 2

Results

GRAPH 4- EXPERIMENTAL GROUP 2
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Graph 4: Comparison of shear bond strength between the sub groups of Experimental group 2
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COMPARISON OF ARI SCORES

GRAPH 5- ARI SCORE
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Graph 5 :comparison of ARI scores
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DISCUSSION

Bracket bonding is one of the most time-consuming procedure in orthodontic practice.
Reducing the time required for light curing of orthodontic brackets would increase the
treatment efficiency and improve patient comfort.2*With the advent of photosensitive
(light-cured) restorative materials in dentistry, various methods were suggested to
enhance their polymerization and thereby to shorten the curing time, including the use
of high intensity light-curing devices.®’Several studies reported the use of high intensity
light curing unit to shorten the curing time of orthodontic brackets®? 885 Curing time
can also be reduced ,by using light cure units that can cure multiple teeth
simultaneously ,but only limited number of studies 128 were spotted in the scientific
literature in this field. The purpose of this study was to cure multiple teeth at a shot
using a cluster LED unit and to compare the shear bond strength of the metallic brackets
so cured with the shear bond strength of brackets cured using a standard single tip LED

unit of same wave length and of comparable intensity of light.

The samples of the control group cured with the single tip LED unit for 15 seconds had
greater shear bond strength than that of the samples of experimental group, in which
cluster LED unit was used to cure the samples for 15 seconds. The mean shear bond
strength of different types of teeth in the control group were (table 6); incisors(13.23+/-
2.863Mpa), canine(13.73+/-2.062Mpa), premolars (13.99+/-3.109Mpa), and molars
(13.35+/-2.936Mpa). The teeth cured with the cluster LED unit for 15 seconds had
shear bond strength of (table7) 9.385 +/-1.699 Mpa for incisor group, 9.784+/-
0.768Mpa for canines, 9.993+/-1.826Mpa for Premolars and 8.843+/-1.712Mpa for
molars. This is in accordance with the results of the study by Mariana Marquezan where
in the shear bond strength of the brackets cured with standard LED unit for 20 seconds

was greater than the samples cured with cluster LED unit for 20 seconds.4

The shear bond strength of those samples cured with cluster LED unit for 30 seconds
had a comparable bond strength as that of control group. The incisors had a bond
strength of(11.440+/-1.143Mpa), canines (12.028+/-2.221Mpa), premolars (12.023+/-
2.121Mpa) and molars (11.549+/-1.249Mpa) (table 8) respectively and the difference
was not statistically significant in any of the sub groups, that is, incisor (p value =0.05)
(table 17), canine (p value =0.06) (table 19), premolar (p value =0.05) (table 21) and
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molar groups (p value =0.05) (table 23) when compared to the corresponding sub

groups of control group.

The average values of shear bond strength in the experimental group in which
orthodontic brackets were cured for a longer time (30 sec) was higher than the
experimental group where in the samples were cured for 15 sec. These results were in
agreement with that of the results of the study by Peutzfeldt and Asmussen in which
they found an increase in shear bond strength with an increase in light-curing time®,
Carine Maccarini also reported that with increasing exposure of time (5, 10 or 15
seconds) with the same LED unit there was a gradual increase in shear bond
strength.%3This relationship between time and bond strength may be due to the higher
rates of monomer/polymer conversion that occur with the increase in light-curing time.

Other authors have also reported similar findings?®3’

This in vitro study also found that the shear bond strength of brackets bonded to teeth
samples using the LED cluster light satisfied the optimal bond strength range of 5.8-
7.8 Mpa as reported by Reynolds®® and 8 to 9 Mpa as suggested by Di Nicold R¥'.

In a clinically innovative study by Akshatha Vasudevamurthy®, a prototype light-
curing unit was developed with multiple LED units which allows multiple teeth to be
cured at a shot, reducing the curing time by an additional one-third. Similarly, in this
study, the cluster LED unit reduced the time required for curing and at the same time
satisfied the mean shear bond strength. The equipment cured four teeth in an arch
simultaneously for 15 sec and attained a mean bond strength in the range of 9 Mpa
(table 7) and for 30 sec curing a mean shear bond strength in the range of 11 Mpa(table
8) respectively compared to the mean bond strength of 13 Mpa in the control
group(table 6) , which took 15 sec to cure single tooth, and a total of 60 sec to cure four
teeth. Hence experimental group 1 took only one-fourth of the time and experiment

group 2 took half of the time for curing compared to the curing time for control group.

The results of this study hence suggests that the cluster LED curing light may be a
useful adjunct to reduce the time necessary to bond an orthodontic appliance to a dental

arch with light-polymerized composites.

NKkenke E reported that bond strengths over 10 MPa have been associated with enlarged
risk of enamel fracture during debonding®. And another study reported that bond

strength higher than 14 MPa can cause enamel cracks on the tooth surfacel®.In this
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study none of the samples showed enamel fracture. Both the control group and
experimental groups showed values less than 14Mpa and only experimental group 1

had bond strength less than the range suggested by Nkenke.

Hobson in a previous study has reported, that in the upper arch, bond strength was
greater on the anterior teeth than the posterior teeth?*. Another study by Linklater and
Gordon found that, upper incisors demonstrated a significantly lower mean shear bond
strength than all the other teeth. &

But in the present study no significant difference in the mean shear bond strength was
noted within the control group, experiment groupl and experiment group 2

respectively.

In control group, group 1(incisors) had a mean shear bond strength of 13.23+/-
2.863Mpa, which was comparable to that of canine(13.73+/-2.062Mpa), premolars
(13.99+/-3.109Mpa), and molars (13.35+/-2.936Mpa) (table 6).

Similarly, experiment group 1 also did not show much variation in mean shear bond
strength within the group. Mean shear bond strength of incisor group was 9.385 +/-
1.699 Mpa, canines 9.784+/-0.768Mpa, Premolars 9.993+/-1.826Mpa and molars
8.843+/-1.712Mpa (table 7).

The difference in mean shear bond strength of samples with in the experimental group
2 were also not statistically significant, with incisors having 11.440+/-1.143Mpa,
canines 12.028+/-2.221Mpa, premolars 12.023+/-2.121Mpa and molars 11.549+/-
1.249Mpa (table 8).

In this study, Adhesive Remnant Index (ARI) system by Artun and Bergland was used

to evaluate the amount of adhesive left on the tooth after debonding.
The criteria used for scoring was:

score 0 = no adhesive remaining on the tooth;

score 1 = less than half of the adhesive remaining on the tooth;
score 2 = more than half of the adhesive remaining on the tooth; and

score 3 = all adhesive remaining on the tooth with a distinct impression of the bracket

mesh.%

78



Discussion

The ARI scores of this study differed between the groups that used different LED
sources and different polymerization timings. This did not match the findings of studies
by Usumez et al.?° and Swanson *in which they reported no difference in the ARI
scores when varying time-polymerization and LED sources. Thind et al**tested an LED
source with a 10 s polymerization time and found that the ARI scores of mainly 2 and
3. In the present study ARI score evaluation showed that scores of 1 and 2 were more
in all the 3 groups. Compared to the experimental groups, control group samples had
more of ARI score 3 which indicated higher bond strength compared to other two
groups which is in accordance with results of Faria-JGnior EM which reports that high
ARI scores have been associated with higher bond strengths.®* Experimental Group 1
had more of lower ARI scores of 0 compared to the other two groups. These low ARI
scores (0 and 1) have been considered favourable by some authors.?%% Since there is
less adhesive to remove from the tooth surface and, thus less risk of iatrogenic damage
during enamel polishing. Studies have been conducted over this matter, since the

literature contains conflicting reports of whether low ARI scores are desirable or not. %

Bond failures at the enamel-adhesive interface has been considered desirable by some
authors,?692 as this would result in less amount of adhesive to remove from the surface
of enamel after debonding. In addition to longer chair side time, adhesive remnant
removal from surface of the tooth may also cause surface scratches, cracking and loss
of sound enamel®2. Experiment group 1 and experiment group 2 had less ARI scores of
3 in this study, indicating that less amount of time is required in these two groups to
remove the remnants compared to the control group which had more samples with ARI
score 3. Hence experimental group 2, apart from having comparable bond strength to
control group, makes the adhesive remanent removal easier and contributes in saving

the chair side time for adhesive removal.

In a study by Kimberly Gronberg on the distance and time effect on Shear Bond
Strength of Brackets, no statistically significant difference was noted between mean
shear bond strength at 1 or 10 mm of source to specimen distance*?. In another study,
Meyer GR , analysed the decrease in power output of a new light emitting diode curing
devices with increasing distance to filling surface and concluded that LED lights
showed significant decrease in power output at 10mm from light tip compared with
Quartz tungsten halogen units.®!In the current study, intensity of cluster LED unit was

checked using a photometer placed at the maximum closest distance (within the range
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of 10 mm) from the LED units, same as where the teeth samples were placed for curing
and a reduction in intensity was noted to 800mW/cm? compared to manufacturer value
of 2000mW/cm?. This decrease in intensity is not so less to cure the brackets, as
Rueggeberg has recommended an intensity of at least 400 mW/cm? to achieve an
optimal bond strength.* Distance between composite and light sources could affect
composite polymerization because the irradiance of a point light source decreases as an
inverse square function of distance.*> So much of reduction in intensity has not
happened with the cluster LED unit. This could be because the source of light was not

a point source.

A study conducted by Yoav Shapinko on the bond Strength of Orthodontic Bracket
cement cured using bleaching light, concluded that simultaneous full-arch curing of
orthodontic bracket cement using a bleaching light is clinically acceptable in all, except
the most posterior locations along the dental arch?.. In their study the curing of
orthodontic brackets was done from the front region, so the amount of light reaching
the posterior region was less compared to that reached on the anterior teeth.

The present study had the advantage of comparable shear bond strength with in the
control and experimental groups as in this study half-arch curing was done by blocking
the light penetration in the contralateral side, ensuring equal amount of light reaching
in the anterior and the posterior regions. Therefore the resultant bond strength was

comparable within the control and experimental groups samples.

Many studies used bovine teeth as a substitute for human teeth for testing the shear
bond strength. Stefan Rittermann concludes that solely conducted shear bond strength
studies on bovine substrate are not sufficient to judge the performance of adhesives,
thus bovine teeth are questionable as a substrate for shear bond testing.®” Another study
by L J Oesterle found that the bond strength to bovine enamel was 21% to 44% weaker
than to human enamel.?3Taking this in to consideration, this study included only natural

human teeth.

In this study, bonded brackets were stored in distilled water for 24 hours before testing
as it has been reported in the literature that a latency period of 24 hours after bonding
increases the setting time of the light-cured adhesives 4. Allowing setting for 24

hours % to 7 days ®increases the shear bond strength.
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This study was also an invitro study. To obtain clinically relevant results from in
vitro studies, it is essential to stimulate precise clinical condition. However, this is a
difficult and an unrealistic goal considering the numerous variables involved on in
vivo environment®’,%8991%0  Hence the majority of studies over dental adhesives

remain in vitro®

K L Pickett conducted a study to compare in-vivo and in-vitro orthodontic bond
strengths. The results indicated that mean bond strengths recorded in vivo following
comprehensive orthodontic treatment were significantly lower than bond strengths
recorded in vitro.’®* Another study conducted by Stephen to compare in vivo and in
vitro shear bond strength also indicated differences between bond strength testing in

vitro and in vivo®’.

Eliades T reported that most bond strength studies fit into the invitro study category
because performing in-vitro tests are much easier and there is also reasonably good

control on the study design®

The present study was conducted in an in-vitro set up similar to what has been
recommended for in vitro bond strength studies in Orthodontics.%? Distilled water at
37 °C for 24 hours was used to store all the samples after bracket bonding. The shear
bond strength test was then performed with crosshead speed of 0.5 mm/min and the

results were expressed in MPa and ARI as proposed by Artun and Bergland was used.

In vitro results of some authors suggested that the use of light curing units with higher

irradiance values than 1,200 mW/cm? may harm the pulp tissue.1%

In a recently conducted study by Alexandra Vinagre on Pulp temperature rise induced
by Light-Emitting Diode light-curing units using an ex vivo Model in different curing
modes reported that, pulp temperature rise was higher than 5.0 °C for the high-energy
curing modes. The low-intensity modes induced approximately a 2.5 °C rise. A strong
positive correlation was found between the energy density and pulp temperature

increase .1%4

In this study the light intensity of the single tip LED unit and cluster LED unit were
checked using a photometer and a reading of 850mW/cm? and 800mW/cm? were

obtained. Both these values were lesser compared to the intensity of light mentioned in
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the literature that can cause pulpal damage, but the study did not include any direct

method to check the pulpal damage if any.

LIMITATIONS OF THE STUDY

1. As this study was done in an in-vitro set up , the results cannot be conclusive as
the oral environment is entirely different and the orthodontic force loading is

done immediately after the bracket bonding.

2. The cluster LED unit used in the study was not a point source of light .So
accurate measurement of light reaching on individual tooth was difficult to

measure.

3. As light is emitted from a curved surface, the accurate measurement of distance

from the tooth was difficult to assess.

4. Due to the difficulty in collecting natural human teeth only 4 type of teeth were
included in the half arch for curing instead of a full complement of normal teeth.
So a detailed analysis on a complete dental arch was not achieved.

5. Pulpal changes induced by the curing equipment was not tested.

6. A cluster LED unit of this design cannot be used for direct curing of lingual
brackets.
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FUTURE SCOPE OF THE STUDY

This study gives a ray of hope for inventing a standardized light cure unit of suitable
design with cluster of LED units having an intensity of light that does not endanger the
pulpal tissue and which can cure multiple teeth simultaneously. In addition the design
should permit the placement of the device at the maximum closest distance from the

teeth to be cured to ensure adequate bond strength.

For better and accurate measurements of shear bond strength, the study has to be
conducted in an in-vivo environment. This can evaluate the other factors influencing
the shear bond strength of the orthodontic brackets. Effect of immediate loading can

also be studied more accurately.
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Conclusion

CONCLUSION

The shear bond strength of the orthodontic brackets cured using cluster LED light
curing unit satisfied the optimal bond strength range as reported in the literature.
Brackets cured with cluster LED unit for longer curing time of 30 seconds had shear
bond strength comparable to that of the standard single tip LED unit. No difference in
shear bond strength was noted with variation in tooth type. The study used a cluster
LED unit for curing in a half arch pattern. It was noted that the shear bond strength

didn’t vary depending up on the location of tooth.

With 30 seconds of curing time using the cluster LED unit there was a reduction in the
time taken to cure the same number of teeth up to 50 % compared to a single tip LED
unit. There was also a reduction of one fourth of the time using a cluster LED with
15seconds of curing time.

Therefore the cluster LED unit can be considered as a useful adjunct for curing the

orthodontic brackets during bonding procedures.
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Annexure 1. Shear bond strength of samples of control group

ANNEXURES

Annexures

INCISO | SHEAR CANINE | SHEAR PREMOL | SHEAR MOLA | SHEAR
R BOND GROUP BOND AR BOND R BOND
GROUP | STRENGT | (GROUP | STRENG | GROUP STRENG | GROUP | STRENG
(GROU | H 2) TH (GROUP | TH (GROU | TH

P1) (Mpa) SAMPLE | (Mpa) 3) (Mpa) P4) (Mpa)
SAMPL S

ES

1 14.646 1 13.783 1 13.834 1 13.563
2 14.747 2 15.765 2 14.674 2 15.833
3 15.022 3 13.803 3 13.839 3 13.453
4 14.893 4 13.945 4 15.834 4 14.023
5 14.075 5 14.639 5 13.403 5 14.374
6 15.098 6 14.649 13.735 6 13.673
7 14.743 7 15.784 7 14.823 7 14.865
8 13.343 8 13.303 8 15.001 8 13.901
9 15.009 9 13.007 9 13.984 9 14.678
10 13.465 10 13.342 10 15.449 10 13.869
11 13.509 11 14.709 11 13.409 11 14.638
12 14.836 12 13.934 12 15.037 12 13.749
13 13.745 13 15.135 13 14.473 13 15.011
15 14.954 15 14.734 15 13.901 15 14.089
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Annexure 2.Shear bond strength of samples of control group

Annexures

INCISO | SHEAR CANINE | SHEAR PREMOL | SHEAR MOLAR | SHEAR
R BOND GROUP | BOND AR BOND GROUP | BOND
GROUP | STRENGT | (GROUP | STRENG | GROUP STRENG | (GROU | STRENG
(GROU | H 6) TH (GROUP | TH P8) TH
P5) (Mpa) SAMPLE | (Mpa) 7) (Mpa) (Mpa)
SAMPL S

ES

1 9.009 1 7.4509 1 8.647 1 9.045
2 8.023 2 9.834 2 9.056 2 9.087
3 8.0023 3 9.659 3 9.657 3 7.994
4 9.784 4 8.984 4 8.943 4 7.823
5 9.834 5 7.0084 5 8.735 5 7.912
6 8.012 6 8.659 6 8.894 6 8.478
7 7.999 7 9.705 7 7.993 7 9.002
8 8.034 8 8.759 8 7.893 8 9.124
9 10.834 9 9.003 9 8.893 9 9.674
10 8.934 10 9.132 10 8.492 10 8.938
11 8.432 11 8.658 11 7.499 11 8.023
12 9.486 12 7.399 12 6.403 12 8.959
13 9.645 13 8.495 13 9.547 13 7.945
15 8.934 15 9.003 15 9.001 15 6.843
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Annexure 3.Shear bond strength of samples of control group

Annexures

INCISO | SHEAR CANINE | SHEAR PREMOL | SHEAR MOLAR | SHEAR
R BOND GROUP BOND AR BOND GROUP | BOND
GROUP | STRENGT | (GROUP | STRENG | GROUP STRENG | (GROUP | STRENG
(GROU | H 2) TH (GROUP | TH 4) TH

P1) (Mpa) SAMPLE | (Mpa) 3) (Mpa) (Mpa)
SAMPL S

ES

1 12.895 1 11.213 1 11.856 1 12.309
2 12.509 2 11.564 2 11.044 2 11.938
3 11.984 3 12.089 3 12.093 3 11.783
4 10.437 4 12.313 4 12.786 4 11.222
5 11.675 5 12.004 5 11.708 5 12.396
6 11.753 6 11.946 12.869 6 12.307
7 12.894 7 11.067 7 11.087 7 11.993
8 11.786 8 11.856 8 11.985 8 11.846
9 12.476 9 11.987 9 11.786 9 11.674
10 12.695 10 12.756 10 12.336 10 12.009
11 13.759 11 11.901 11 11.076 11 11.901
12 11.659 12 11.002 12 12.078 12 10.999
13 12.438 13 10.849 13 11.998 13 11.938
14 12.658 14 11.001 14 12.002 14 12.002
15 11.743 15 11.944 15 11.067 15 11.453
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Annexure 4 Adhesive Remnant Index scores

Annexures

GROUPS 0 1 2 3
(no (less than (more than (all left on
adhesive half on half on tooth)

ARI SCORES left on tooth) tooth)
tooth)
0 5 8 2

GROUP 1(con incisor)

0 5 9 1

GROUP 2(con canine)

0 6 8 1

GROUP 3(con pm)

0 6 8 1

GROUP 4(con molar)

2 7 6 0

GROUP 5(E 15 incisor)

3 7 5 0

GROUP 6(E15 canine)

3 7 5 0

GROUP 7(E15 pm)

2 4 9 0

GROUP 8(E 15 molar)

0 6 8 1

GROUP 9(E30 incisor)

0 6 9 0

GROUP 10(E30canine)

1 7 7 0

GROUP 11(E30 pm)

1 6 8 0

GROUP 12(E30molar)
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Subject: Ethics Committee Clearance Reg.

protocol- Comparison of shear bond strength of orthodontic brackets on maxillary
tecth using single tipped led curing unit and cluster led unit - An in vifro study
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study was examined and discussed. After the consideration, the committee had decided
to approve and grant clearance for the aforementioned study.
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ANN Artificial Neural Network
ARI Adhesive Remnant Index
APC Adhesive Precoated
E&R Etch and Rinse
FIG Figure
FWS Flexible Spiral Wire Retainer
GAS Generation Adhesive System
HQTH High Intensity Quartz Tungsten Halogen
IR Infra Red
KHN Knoop Hardness Number
LED Light Emitting Diode
LCU Light Curing Unit
PAC Plasma Arc Curing Unit
SBS Shear Bond Strength
SD Standard deviation
S/ SEC Seconds
SE Self etching
SGU Shade Guide Units
RBC Resin Bond Composite
QTH Quartz Tungsten Halogen
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