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Shear bond strength of orthodontic brackets: a comparigy

of self-cure techniques using various light sources

Valiollah Arash ®, Shaghayegh Bozorgzadeh i

Abstract: .
Aim: Light curc composites arc routinely used to attach orthodontic brackets, so bond strength and cure

time must be considered. However, the disadvantages of the conventional halogen apparatus include heat
and lengthy composite curing. Therefore, the purpose of this study was to compare shear bond strength of
orthodontic brackets composite cured by plasma arc (PAC), conventional halogen (QTH), light- emitting
diode (LED) and sclf-cure.

Materials and Methods: In this in vitro study, sixty premolar tecth extracted for orthodontic purposes
from patients under 18 years of age were collected and divided into four equal groups. In the first group,
the brackets were bonded by sclf-cure composite. In the second, third, and fourth groups, they were
bonded by halogen, LED and plasma are, respectively. The samples were thermocycled and finally the
force required for brackt failure was mcasured. Shear bond strength was obtained by dividing the exerted
force by the bracket basc surface. ARI (Adhesive Remnant Index) and EDI(Enamel Detachment index)
were also evaluated. Data werce analyzed by ANOVA followed by TUKEY test.

Results: Average shear bond strengths were 14.7+£5.4 MPa in the sclf—cure group, 14.6+5.3 MPa in the
halogen group, 14.744.5 MPa in the LED group, and 14.2+5 MPa in the plasma group. There were no
significant differences among the groups. EDI and ARI did not differ between the light-cure and self-cure
groups.

Conclusion: No significant difference was observed in shear bond strength among different methods of
composite curing. Thercfore, despite the high cost of plasma arc, it is recommended in order to reduce
opcration time.
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important requirements is correct bracket

positioning." The use of light-cured
adhesives has become popular since they
provide increased working time’ and aid in
correct bracket positioning. The use of light-
curcd adhesives in orthodontics was first
reported by Tavas and Watts.?

In fixed appliance trcatment, one of the most
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Unfortunately, as a result of conflicting reports
comparing thc bond strengths of light- and
chemically-cured adhesives," > the usc of light-
cured products is not as widespread in
orthodontics as in restorative dentistry.
However, the disadvantage of the conventional
halogen apparatus is that only 1% of the total
energy input is converted into light, while the
remaining cnergy is given off as heat. The short
life of halogen bulbs and noisy cooling fan arc
other disadvantages.” The main advantage of
light-cured adhesives is the ‘command setting’.
However, this is also a disadvantage since the
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time required to initiate polymerization with a
licht source may seem inconvenient to
cl}nicians. To reduce the bonding time, pre-
coated brackets have been developed. These
brackets have been shown to perform
satisfactorily in clinical situations.® Also, to this
end, new curing light technologies have been
developed, which manufacturers claim reduce
the curing time by one third to one half relative
to conventional tungsten-quartz-halogen bulb
light-curing sources. However, bond strength
depends on factors such as appropriate technique
and high-quality materials and apparatus.’

In a study by Penido '°, The type of light-

curing unit did not interfere with the results of
the mechanical tests in vivo or in vitro. Jaundt''
found the same curing depth and pressure
strength in composites cured by LED and
conventional halogen. Turkkahraman.'? did not
find any difference in failure between brackets
bonded by LED or halogen in an in vivo study.
Sfondrini '*", Kloche' and Thind'® did not
report any difference in bond failure between
groups bonded by LED (20 s) and plasma arch
(5s).
The main aim of this study was to compare the
debonding stress for brackets bonded with the
same light-cured adhesive system but cured with
light sources that utilize different technologies
for light production and self-cure composite.
The second aim was to evaluate the bond failure
site.

Materials and Methods

Sixty first upper premolars without cracks or
decay were pulled out through orthodontics, then
divided into four groups with 15 samples. After
being gathered and washed with water and soap,
samples were stocked in physiologic serum. A
standard edgewise premolar steel bracket (018
standard, Germany Dentarum Company) was
used, in combination with representative
examples of conventional tungsten-quartz-
halogen (QHT), plasma arc (PAC) and light-
emitting diode (LED) bulbs:

Astralis7, a QHT bulb source with an irradiance
of 400 mWcm-2,emitting light in the range of
400-500 nm.
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Ortho lite, a plasma arc source with an
irradiance of 2000 mWem-2, emitting light in
the range of 400-500 nm.

Ultralume2, a blue LED source with an
irradiance of 1000 mWem-2, emitting light in
the range of 430480 nm.

A single clinically experienced operator carried
out all bonding. The matenals were used
according to the manufacturer’s instructions: the
teeth were pumiced using fluoride-free pumice
and water for 15 seconds applied with a rubber
cup, then rinsed with water and dried in a stream
of compressed air. The teeth were then etched
for 15 seconds with 37% phosphoric acid,
washed with water for 20 seconds and dned
using compressed air. A thin layer of primer was
applied to the etched tooth surface with a
microbrush. The bracket was loaded with
adhesive and placed on the buccal surface with
light pressure (~250 g force) to extrude any
excess adhesive, which was removed with a
probe. The adhesive was cured using the times
recommended by the manufacturer for each light
source. In the first group, brackets were bonded
using self-cure composites of Resilience; in the
second, third and fourth groups, they were
bonded using Resilience light-cure composite.
Halogen-group samples were cured for 20
seconds; LED samples were cured for 10
seconds; PAC samples were cured for 3 seconds.
For tooth fixation, we created a cylinder with
23-mm internal diameter, 25-mm height and
edges parallel with the horizon(figurel).
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Then, a 17x 25 wire was placed in the slot of
cach bracket and fixed by soft wire. Next,
bracket and tooth were placed in the cylinder.
Soon after the wire was tangent with the
cylinder edge, semi-liquid acryl was injected
around the tooth(figure2).

The samples were thermo-cycled after one day
between 5 and 55° C as follows: 30-second
warm bathing, 55°C; 20-second interval; and 30-
second cool bathing (5°C). The brackets were
separated from the tooth surface by Hounsfield
mechanical testing machine, HI0KS model,
made in England with 0.5 mm/min velocity. The
force required for their separation was measured

(figure3).
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By dividing this force by bracket surface area
(10.87 m), shecar bond strength (SBS) was
determined. Then, samples, tooth, and Separateqd
bracket were studied by light microscopy with a
magnification of 10X. ARI (Adhesive Remnan
Index) was recorded with regard to Bishara’s

suggested index.'”
Scale 1: all the composite remained on the tooth
Scale 2: more than 90% of the composite

remained on the tooth
Scale 3: more than 10% but less than 90%

remained on the tooth

Scale 4: less than 10% remained on the tooth
Scale 5: no composite remained on the tooth
EDI (Enamecl Detachment index) was also
studied. In the PAC and LED groups, each had
lost onc sample before strength was measured,
Statistical analyses were performed with the

ANOVA and TUKEY tests.

Results

The mean SBS and force for samples in different
groups were not significantly in different groups
(table 1), and the Tukey test also didn’t
significantly differ between groups (P>0.05).
Table 2 shows that ARI in the light-cure and
self-cure groups had no statistical significant
difference .Among the LED, PAC and QTH
groups, the third scale of ARI was most
frequent. EDI did not differ between the light-
cure and self-cure groups.
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Variable Force (N) SBS (MPa)
Groups Min-Max Mean+ SD  P-value Min-Max  Mean+SD  P-value
LED (n=14) 94.7-2534 167.1+484 0962 8.6-23.2 153+44 0.962
QTH (n=15) 823-253.3 159.2+58.,6 7.5-23.1 14.5+5.3
PAC (n=14) 83.1-248.1 156.2 4+ 55.7 7.6-22.7 143+ 5.1
SELF 81.2-260.3 160.4+59.2 7.4-23.8 14.6+54
(n=15)

Table 1: The mean (+SD), maximum and minimum of strength and bond strength in the different groups

SELF (n=15) PAC (n=14) QTH (n=15) LED (n=14) Group
Frequency (%) Frequency (%) Frequency (%) Frequency (%) Scale
3 (20) 2(14.3) 1(6.7) 0(0) |
7 (46.7) 0(0) 2(13.3) 4 (28.6) 2
4 (26.7) 9(64.3) 9 (60) 9(64.3) 3
1(6.7) 3(21.4) 3 (20) 1(7.1) 4
0 (0) 0 (0) 0(0) 0(0) 5

Table2: The distribution of ARl in the different groups.

Discussion

There was no statistical difference in debond
stress among the four groups. Orthodontists are
mainly concerned with minimum bond strength,
below which a bond between the tooth and
bracket is too weak to withstand forces applied
to it during treatment. This minimum level is
difficult to calculate due to the large variations
in forces (for example, from different arch wires
or from mastication) that a bracket has to endure
over the course of an average orthodontic
trcatment. It has been suggested that a minimum
bond strength of 5.9-7.8 MPa should be
adequate for most clinical orthodontic needs.'®
According to this minimum requirement, all four
light sources cured the adhesive to an equally
satisfactory level. If, in clinical practice, the
survival rate is satisfactory for brackets bonded
to enamel by adhesive that is cured using light
from a conventional tungsten-quartz-halogen
source or self cured, then the results obtained

with plasma arc and LED sources should be
equally satisfactory.

Since cnamel is a brittle material, a fracture
mechanics approach should be adopted. By
dirccting the fracturc pathway along the
cnamel/adhesive interface, the potential presence
of defects in the enamel and high force (due to
an cffective bond) will increase the risk of
cnamel fracture. It has been recommended that
the tensile bond stress should not exceed 14.5
MPa if enamel fracture is to be avoided. There
arc no cquivalent recommendations for an upper
shear bond stress limit."

In the present research, shear bond strength of
brackets bonded by different composites and
curing methods was studied. SBS (MPa) in the
first group, in which brackets were bonded by
sclf-cure composite, was 14.745.4 MPa. In the
sccond group, SBS was 14.6+5.3 MPa; in the
third group, it was 14.7+ 5.4 MPa; and in the
fourth group, it was 14.2+5 MPa. There was no
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significant differcnce between groups (p=0.96)
(Table 1). )

In the group with the sclf-curc compo§1lc, the
most frequent failure in bracket scparation was
between the surface bracket and the resin
surface. With the light-cure composite, the most
frequent failure was between the enamel surface
and resin, probably because of composite
contraction. Similarly, with the light-cure
composite, the direction of contraction was
towards the bracket, whercas with the self- cure
brackets, it was towards the tooth surface.?

The time recommended for curing the adhesive
was shortest with the plasma light and longest
with the conventional QTH curing light. a
shorter curing time may also reduce the risk of
saliva contamination and further reducc the
incidence of bond failure.'® In agreement with
our results, Signorelli found no significant
difference in shear bond strength between
brackets bonded with QTH-cured composites
cured for 30 scconds and plasma arc-cured
composites cured for 3 and 6 scconds.”
However, Tolendo found the highest SBS in
self-cure composites.

Birkam ct al. in 2005 did not report any
significant difference in strength between
brackets bonded by halogen (20 seconds), LED
(10 seconds) and plasma arc (6 scconds).
However, plasma arc was suggested to reduce
processing time.” Staudt (2006) found no
significant difference in shear bond strength
between brackets bonded by LED (20 seconds)
and QTH (40 seconds).?

In studies by others, the shortest time (3
seconds) was reported for plasma arc
curing,”'%?"?*¢ a5 in the current study. In this
study, no significant difference in bond strength
was obtained between the PAC, halogen, LED
and self-cure groups. In wusing self-cure
composites, the most frequent failure in bracket
separation occurred at the bracket-resin
interface. In light-cure composites, the most
frequent failure occurred at the resin-cnamel
interface. There was no significant difference in
the frequency of failures in the LED group.
Therefore, two kinds of composites can be used
for the purpose of cnamel health. Due to the
short processing time, plasma arc is suggested,
though it is not cost-effective. Conclusions
drawn from the results of any properly
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constructed laboratory investigation wj
a sound basis for the clinical introdyct
products and techniques. However, ;
nature of a controlled scientific expe
the number of vanables will be Minimizeq
through ex vivo design to allow 3 specific
variable to be studied. It is possible 1o simulate
conditions that arc close to those in clinical yge
but the potential for unrecognized factors 1(;
influence the outcome should always be bome in
mind.”’

I Provide
on of new
tis ip the
Timent thy,

Conclusion

The results of this ex vivo study show that a]]
three curing lights and sclf-cure techniques are
cqually cffective  .but plasma arc g
recommended in order to reduce operation time.
However, controlled clinical studies are required
for confirmation.
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