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Comparison of Shear Bond Strength at Various Curing
Times with a High-power Light Emitting Diode Curing
Unit for bonding Orthodontic Brackets
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Abstract

The aim of this study was to compare shear
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bond strength of adhesives cured by a high-
power Light Emitting Diode (LED) curing unit at
various curing times. Adhesive pre-coated
stainless steel brackets were bonded on 140
human upper premolars with a high-power LED
curing unit at 1,250 Mw/ cm? for 2, 4, 6, 8, 10 or
12 seconds. A conventional halogen lamp with
light intensity at 300 Mw/ cm” was used for 40
seconds to cure the adhesive in a control group.

Shear bond strength was measured on de-
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Introduction

At present, the bonding technique using
brackets is commonly used in fixed orthodontic
treatment. Adhesives, both self-cured and light-
cured, are used to bond orthodontic brackets. The
‘time-control’ feature of light-cured adhesives
makes them better and more widely used than self-
cured adhesives. This feature provides more time
for dentists to accurately position the brackets, and
makes removing uncured excess adhesive easier.
However, because of the low power density of
conventional halogen lamps, a minimum curing
time of 20 seconds per side from this light is
needed for light-cured adhesives to reach adequate
bond strength for bonding orthodontic brackets."
This causes a long working time for full arch
bracket placement. Curing time reduction improves
the efficacy of bracket placement by reducing the
risks of bracket failure from saliva contamination
and bracket displacement.® There are many ways
to reduce the bonding time, for example, the use of
self-etching primers, the use of adhesive-coated
brackets, and the use of high-power light

sources.(l’3'5)
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bonding. Statistical analysis revealed that the
mean shear bond strength values recorded for the
2-, 4- and 6-second groups were significantly
less than the control group. The values for the 8-,
10- and 12-second groups were not significantly
different from those for the control group. In
conclusion, a minimum of 8 seconds curing time
per tooth using a high-power LED curing unit
provides shear bond strength comparable to that
for adhesives cured with a conventional halogen

lamp for 40 seconds.

Keywords: high-power curing unit, curing time

A light-emitting diode (LED) is a semi-
conductor device that generates and emits blue
light without using a filter. It reaches a peak
wavelength of 460 nm,® which is matched to the
peak absorption wavelength of camphorquinone
initiator used in most visible-light-cured
adhesives.® An LED has more advantages than a
halogen lamp.!:*®) The LED light has a narrower
spectrum (440 to 480 nm) than the halogen lamp
(400 to 500 nm).(*? The peak wavelength of the
LED is closer to the peak absorption wavelength of
camphorquinone than is that of the halogen lamp.
The LED can achieve the same effectiveness in
polymerization as the halogen lamp at the same
intensity level.!""® The low power consumption of
LEDs makes the LED usable as a cordless
handpiece.®” Moreover, the LED has a longer
lifetime (approximately 10,000 hours) than the
halogen lamp (approximately 100 hours), because
of little degradation and no heat generation. -6

The high-power light sources can reduce the
curing time because the efficiency of photo-
polymerization depends on the light intensity and

the curing time. The curing time can be reduced if



PN, YUREIT TN 32 2N 1 W.A-N.81. 2554

a higher intensity is applied.’® According to ISO
standards (ISO: 10650, 1999), a light intensity of
300 Mw/cm? is minimally required to achieve
adequate polymerization of a 2 mm thickness of
composite resin.!® However, since the thickness
of orthodontic adhesives is less than 2 mm, shorter
polymerization time for bonding brackets may be
adequate.!" A curing time of 10 seconds with a
high-power LED curing unit (intensity 800 and
1,000 Mw/cm?) has been suggested to provide
shear bond strength comparable to that for
adhesives cured with the conventional halogen
(1,12-13) LED

dentistry has improved with the increase in power

lamp. However, technology in
density. Curing times shorter than 10 seconds with
a higher light intensity than 1,000 Mw/cm? of LED
might be adequate for bonding orthodontic
stainless steel brackets. The purposes of this study
were: 1) to compare shear bond strength of
adhesives cured by a high-power LED curing unit
at various curing times for bonding orthodontic
stainless steel brackets, and 2) to measure the
Adhesive Remnant Index (ARI) on enamel
surfaces after de-bonding brackets bonded with

adhesives at various curing times.

Materials and methods

One hundred and forty human upper premolar
teeth, extracted for orthodontic reasons, were
collected and stored in a 0.1% thymol solution.
Only teeth with a sound buccal enamel surface
were included. Teeth were categorized randomly

into seven groups of 20 specimens each. Each
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specimen was polished with fluoride-free pumice
for 10 seconds, washed with oil free water, and the
excess water was removed with an oil-free air
stream. The buccal enamel surface was etched and
primed with a self-etching primer (Transbond™
Plus Self Etching Primer, 3M Unitek, Monrovia,
California, USA). Pre-coated maxillary premolar
stainless steel brackets were used (APC™ ]I
Gemini Twin brackets, 3M Unitek, Monrovia,
California, USA). Brackets used in Groups 1 to 6
were light-cured with a high-intensity LED light.
Those in Group 7, a control group, were light-
cured with a conventional halogen light. Light
sources used and curing times in each group are
given in Table 1. The curing times were divided
equally for mesial and distal surfaces. According to
the manufacturers, a mini-LED™ (Satelec® Acteon
Group, Merignac, France) generated visible blue
light with intensity of 1,250 Mw/cm?.!% And a
Spectrum 800 halogen lamp (Dentsply/Caulk,
Milford, Delaware, USA) was set to provide
visible blue light with intensity of 300 Mw/cm?.(19
The light intensity was checked before each
activation using the light units’ built-in radio-
meters. After bonding, the teeth were incubated in
distilled water at 37°C for 24 hours,
thermocycled at 5° and 55°C for 1,000 cycles. A

universal testing machine (Model number 5566,

and

Instron Calibration Laboratory, Norwood, Mas-
sachusetts, USA) was used to measure the de-
bonding force in units of megapascals (MPa). A
de-bonding stainless steel plate applied the shear

force to the bracket in an occluso-gingival

Table 1 Light sources and curing times for each group.
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LED
(Intensity = 1,250 Mw/cm?)

Halogen
(Intensity = 300 Mw/cm?)

Group 1 2 3

4 5 6 7 (control)

seconds/tooth 2 4 6

8 10 | 12 40

Curing time

seconds/surface 1 2 3

4 5 6 20
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direction at a crosshead speed of 0.5 mm/min.

After de-bonding, adhesive remnant on each
bracket base was measured using photographs
captured with a digital single-lens reflex camera
(Canon 300D, Canon Incorporated, Tokyo, Japan)
with a Canon macro lens (Canon EF 100 mm £/2.8
MACRO USM) at 1 x magnification. The adhesive
remnant was scored according to the adhesive
remnant index (ARI) scores'® as follows:

*0’ = No adhesive left on the tooth

‘1’ = Less than half of the adhesive left on
the tooth

©2> = More than half of the adhesive left on
the tooth

©3” = All the adhesive left on the tooth, with
a distinct impression of the bracket mesh

The differences in shear bond strength values
among the groups were analyzed using a one-way
analysis of variance (ANOVA) followed by a
multiple comparisons (Tukey’s) test. Both tests
were determined at a significance level of p < 0.05.
Descriptive analysis was used to determine the

frequency of ARI scores.

Results

The mean shear bond strength values for
Groups 1 to 7 increased as the curing time was
extended (Table 2). The control group had the
highest shear bond strength value. The one-way
ANOVA revealed significant differences in mean
shear bond strength values among the seven groups
(Table 3). Tukey’s test revealed significant
differences in mean shear bond strength between
groups (Table 4). The mean shear bond strength in
the control group was significantly different from
those in Groups 1, 2 and 3.

The frequencies of the ARI scores with
percentages are shown in Table 5. The ARI scores
showed that in more than half of the samples in

Groups 3, 4, 5 and 6 and in the control group, most
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adhesives remained on the bracket bases on de-
bonding. In Groups 1 and 2, ten out of twenty
samples (50%) had an adhesive remnant index

score of 1.

Discussion

The results in this study suggest that when
high light intensity is used, the curing time can be
reduced. The longer the curing time, the higher the
shear bond strength. The results support previous
studies and confirm that the efficiency of photo-
polymerization depends on light intensity and
curing time.(® Previous studies!’:!1"13:19 about
curing time reduction for bonding orthodontic
stainless steel brackets suggested a minimum
curing time of 10 seconds using high-power LED
curing units or high-power halogen lamps
(intensity of 800-1,000 Mw/cm?). One study‘!”
suggested a 6-second curing time using a high-
power halogen lamp (intensity 3,000 Mw/cm?).
The high intensity converts a great amount of
camphorquinone to its free radical, then causes
polymerization in a short time, while low intensity
does not provide enough energy to penetrate the
adhesives and activate the camphorquinone.!'®)

The results in this study suggest that the high-
power LED (intensity = 1,250 Mw/cm?) can
reduce the curing time to a minimum of 6 seconds
per tooth (or 3 seconds per side) and achieve
adequate shear bond strength for bonding
orthodontic brackets at 6 to 8§ MPa as recom-
mended by Reynolds."” The mean shear bond
strength values for the 2- and 4-second curing
times were lower than 6 MPa. The reason might
be that the decreased curing time of the adhesive
results in lower conversion of monomer to
polymer."!) This, consequently, results in poor
physical properties of the material, including bond
strength, and leads to bracket failure.'Y However,

the mean shear bond strength value obtained for
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Table 2 Means, standard deviations and ranges of shear bond strength in each group.
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Shear bond strength (MPa)

Group Curing time (seconds/ tooth) -
Mean£SD Min - Max
1 2 4.54+2.1 1.05-8.00
2 4 5.3+2.7 1.46-11.10
3 6 6.6+2.6 3.57-12.98
4 8 7.242.7 1.58-11.90
5 10 8.4+2.7 2.80-13.24
6 12 8.8+£3.4 1.47-14.11
7 (control) 40 9.6+2.5 3.11-12.69
Table 3 Results of analysis of variance (ANOVA) of mean shear bond strength.
M3 3 WamTTIRIIALL TR TAE R AU LEas
Sum of Squares df Mean Square F Sig.
Between Groups 419.425 6 69.904 9.548 .000*
Within Groups 973.720 133 7.321
Total 1393.145 139
*Significant differences at p < 0.05
Table 4 Statistically significant differences of mean shear bond strength using Tukey's test.
s 4 @'ﬁﬁo5@@@meﬁauﬁlL@mw’voﬁuamoﬂﬁfmfvﬁ:ywNﬁﬁ@[@ﬂ%ﬂ7iwmﬁaﬂg§m§
Group 1 2 3 4 5 6 7 (control)
1
2
3
4 %
5 % *
6 % k
7 (control) * * *
*Significant differences at p < 0.05
Table 5 Frequencies of ARI scores (percentages in parentheses).
ﬁ?‘a"lﬂﬁ; 5 ﬂ?WJﬁ,ﬂ/Q\?@é’LL%% ARI (ﬁ?@&/ﬂé’él,ﬂ@ﬂ%?\ﬂgﬂ)
ARI score 0 1 2 3
Group
1 0 (0%) 10 (50%) 10 (50%) 0 (0%)
2 0 (0%) 10 (50%) 8 (40%) 2 (10%)
3 2 (10%) 12 (60%) 5 (25%) 1 (5%)
4 5(25%) 11 (55%) 4 (20%) 0 (0%)
5 3 (15%) 14 (70%) 3 (15%) 0 (0%)
6 3 (15%) 14 (70%) 3 (15%) 0 (0%)
7 (Control) 2 (10%) 14 (70%) 4 (20%) 0 (0%)
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the 6-second curing time was significantly lower
than values obtained from the conventional
halogen lamp at 40 seconds, whereas a minimum
curing time of 8 seconds per tooth provided shear
bond strength comparable to that provided by the
conventional halogen lamp. Although the recom-
mendation of the shear bond strength of 6 to 8 MPa
as being acceptable for orthodontic brackets is
widely used, the bond strength needed for
orthodontic brackets still depends on many factors,
for example, different archwires or individual
mastication forces.!'¥) If the bond strength obtained
from the conventional halogen lamp has been
acceptable in clinical practice, the value obtained
from the reduced curing time with high-power
LED that produces comparable bond strength
should be considered satisfactory.!®) In this study,
the shear bond strength values obtained from the
LED (intensity = 1,250 Mw/cm?) at 8, 10 and 12
seconds were comparable to the values obtained
from the conventional halogen lamp. This suggests
that with the high-power LED at 1,250 Mw/cm?,
the curing time can be reduced to a minimum of 8§
seconds per tooth for bonding orthodontic stainless
steel brackets. Total working time for the bonding
process can be decreased. Consequently, risks of
bracket failure from saliva contamination and
bracket displacement can be decreased.

The site of adhesive failure in this study was
mostly at the tooth/adhesive interface, since most
adhesives were removed with the brackets. One
possible reason is that the self-etching primer
produces a reduced etched pattern compared with
that of the conventional total etching system.?
The resin tags with the self-etching primer are thin
and less uniform than those etched with the
conventional etching system. This results in a
reduction of the micromechanical bond of the
primers to the etched enamel surfaces.?" Thus,

less adhesives remain on the tooth than on the

CM Dent J Vol. 32 No. 1 January-June 2011

bracket at the time of de-bonding.*” However,
there was a tendency for adhesives to be left on the
tooth surface after de-bonding when the curing
time was decreased. The reason might be
inadequate polymerization of adhesive in the mesh
bracket base, due to enamel transillumination
allowing light to reach the tooth/adhesive interface
more than the bracket/adhesive interface.'? In
other words, with an increased curing time, there is
a greater tendency of adhesives to be removed
along with brackets at de-bonding. This possible
reason supports the notion that the greater
polymerization of adhesives, particularly the
adhesive in the bracket mesh provides stronger
interlocking of composite in the bracket base.(!?
There has been a controversy regarding bond
failure with adhesives. One theory is that failure at
the tooth/adhesive interface is preferable to failure
at the bracket/adhesive interface.?? This is
because such failure makes de-bonding and
polishing easier than with failure at the bracket/
adhesive interface. Adhesives remaining on the
tooth surface are undesirable because enamel
damage can occur during removal of adhesive
remnants from the tooth surface, and the removal
of adhesive remnants might increase chair-side
time.*> In contrast, an opposing theory is that the
tendency for enamel fracture would increase if
failure occurred at the tooth/adhesive interface.!®)
This theory holds that the risk is increased when
higher force is needed to de-bond high strength
adhesives. In order to avoid the risk of enamel
fracture, tensile bond stress should not exceed 14.5
MPa.®* Thus, an adequate bond that fails at the
tooth/adhesive

orthodontics.??

interface would be ideal in

Conclusions
The high-power light emitting diode (intensity

= 1,250 Mw/cm?) may reduce the curing time for
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bonding orthodontic stainless steel brackets to a
minimum of 8 seconds per tooth. The shear bond
strength values achieved were comparable to the
values obtained from the conventional halogen
lamp at 40 seconds per tooth. And there was a
tendency for adhesives to be left on the tooth
surface after de-bonding when the curing time was

decreased.
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