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Abstract

The aim of this study was to compare the micro-shear bond strength of composite resin cured with halogen visible light
and blue light emitting diode curing units. Flat enamel surfaces of 50 segments of teeth were prepared. 50 cylindrical com-
posite resin specimens were bonded to the prepared teeth segments. Specimens were divided into 5 groups, three groups
were cured for 10, 20 and 40 seconds using blue light emitting diode and 2 groups were cured for 20 and 40 seconds using
halogen light. Specimens were submitted to micro-shear bond test at Imm / min cross-head speed. Mean micro-shear bond
strengths were analyzed by analysis of variance (One-way ANOVA) and Tukey's test at P<0.05. At 40 seconds curing, the
halogen light produced significantly higher bond strength than that of blue light emitting diode. No significant difference
was found between both lights at 20 seconds. There were no significant differences in bond strength ratios between 10 and
20 seconds blue light emitting diode, and 20 seconds halogen light. At 40 seconds, the blue light emitting diode produced
significantly higher bond strength than that of blue light emitting diode at10 and 20 seconds, and halogen light at 20 sec-
onds. It was concluded that despite the higher micro-shear bond strength of halogen light at 40 seconds, blue light emitting
diode curing unit provided sufficient output to exceed minimum requirements in terms of composites” micro-shear bond
strength according to ISO 11405, 1994. During incremental application of composite resin, 10 seconds blue light emitting

diode curing time is sufficient to produce acceptable micro-shear bond strength values.
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Introduction

In the last few years, curing light technology has advanced with
the introductions of high intensity halogen lights, light emitting
diode lights(LED) and plasma arc lights for resin composite po-
lymerization [1-3]. Despite their popularity, halogen technology
light curing units (LCUs) have several drawbacks. For example,
halogen bulbs have a limited effective lifetime of approximately
40-100 h [4,5]. In addition, the halogen LCU’s bulb, reflector and

filter degrade over time due to the high operating temperatures
and the large quantity of heat which is produced during the duty
cycles. This result in a reduction of the halogen LCU’s curing ef-
fectiveness over time [4].

The argon laser curing provided better microshear bond strength
than that of the halogen lights [1]. On the other hand, although
the light source presented no significant influence, the use of
high-intensity units is still recommended to ensure effectiveness
of polymerization of the bonding resin [6]. Polymerization with
both halogen and LED resulted in shear bond strength values
which were above the clinically acceptable range given by Reyn-
olds. The LED light curing units produced comparable shear
bond strength to that of halogen curing units [7].

To overcome the problems inherent to halogen LCUs, solid state
light emitting diode (LED) technology has been proposed for
curing light activated dental materials [8]. The spectral output of
gallium nitride blue LEDs falls conveniently within the absorp-
tion spectrum of camphorquinone photoinitiator (400-500 nm)
present in light activated dental materials, so that no filters are re-
quired in LED LCUs. Furthermore, LEDs have an expected life-
time of several thousand hours without significant degradation of
light flux over time [9]. The development of 470 nm wavelength
LED-curing units offers an alternative to conventional halogen
curing units. A number of studies have addressed the application
of blue LED technology to curing of dental materials by meas-
uring the depths of cure or by examining the irradiances of the
units [8,10].
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The LED-LLCUs had an energy-efficient spectral output for con-
ventional composite curing but had a lower irradiance compared
with the quartz-tungsten-halogen light-curing unit (QTH-LCU,
leading to reduced performance in depths of cure [11]. Curing
light with an intensity of 300 milliwatts per square centimeter will
effectively cure most composite shades in the 400-nanometer to
515-nm wavelength bandwidth at the curing-light tip within the
manufacturers’ recommended times [3,12]. The light output of
commercially available diodes for resin-based composite polym-
erization still requires improvement and additional studies are
necessary to rival the adequacy of cure of halogen-based LCUs

[13].

Tensile and shear bond tests have long been the most common
laboratory tests to evaluate adhesive strength of bonding systems
to the tooth substrate. Unfortunately, studies have shown that
tensile and shear testing is significantly influenced by the variabil-
ity in specimen geometry, loading conditions and materials prop-
erties [14,15].

The general belief is that the micro-tensile and micro-shear bond
tests are the most suitable methods available to evaluate bond
strength of dental adhesive. However, there is a lack of published
evidence concerning the most accurate methodology when test-
ing bond strength to enamel. Micro-shear bond strength test ap-
pears to be more accurate in differentiating among the stronger
adhesives (micro-shear is better than micro-tensile) [16]. Mainly
because of its overall simplicity, several variations of shear bond
testing have been widely used. Among the advantages are ease
of specimen preparation, simple test protocol, and the ability, at
least qualitatively, to rank different products according to bond
strength values [17]. The small size test specimens permits many
tests to be performed on the same substrate. Thus, it can pro-
vide accurate and reliable shear bond strength data. Shear bond
strength testing with bonded cross-sectional areas of 1mm? ot
less is also referred to as micro-shear (SBS) [18].

The null hypotheses of this study was the micro-shear bond
strength of dental composite cured with either a LED based LCU
or a conventional halogen LCU does not differ significantly. The
primary objective of this study was to test the micro-shear bond
strength of dental composite cured with either a LED based LCU
or a conventional halogen LCU.

Materials and Methods

Fifteen caries-free freshly extracted human third molar teeth were
debrided using a scalpel to remove attached soft tissues, cleaned
with pumice and water, and stored in a reftigerator at 4° C, for up
to 3 months ina 1 % Chloramine-T solution (pH 9.3) prior to use
in this 7z vitro study. All the teeth used belonged to subjects aged in-
between 20 and 40 years. Roots were cut and separated just below
the cemento-enamel junction. The crown of each tooth was cut
parallel to the long axis of the tooth mesio-distally and buccolin-
gually to give four sections using a slowly rotating diamond blade
(Isomet, Buehler, Lake Bluff, IL., USA) under a flowing water.
Each segment was stored separately in distilled water at 4° C for
not more than 4 days. A total of 50 sections were obtained. In
order to standardize the enamel reduction, 0.5 mm depth orienta-
tion pits were prepared with air-rotor bur and superficial enamel
was removed initially using a superfine diamond bur (SF# 145,
Shofu, Inc., Kyoto Japan) on a high speed hand piece followed
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by grinding with #600-gtit (Resista, OMEGNA Nia Filli DiDa /
Italy) under water cooling on a polishing machine (Tegrapol-25,
Struers, Ballerup, Denmark) until a flat enamel surface was ob-
tained. Each section was mounted in cold-curing acrylic resin
(IMI cryl, Turkey), in polyvinylchloride molds, such that the flat-
tened enamel surface was flush with the upper edge of the mold.
Teeth segments were then ultrasonically cleaned in distilled water
for 5 min prior to the bonding procedure to remove any remain-
ing Silicone Carbide dust particles. Finally, the enamel surfaces
were dried with oil-free air and inspected under binocular magni-
fication to ensure that the enamel was grossly intact.

The teeth specimens were divided at random into five groups of
ten each. Fach group was assigned to a curing technique as fol-
lows: Three groups were cured with LED LCU for 10 s, 20 s,
and 40 s. groups 4 and 5 were cured with halogen LCU for 20 s
and 40 s. The enamel was then etched with 37% phosphoric acid
gel (Super Etch, SDI, Australia) for 30 s [19,20]. After etching
the enamel surfaces were washed with water for 20 s and dried
with oil-free air until the typical chalk-like appearance of etched
enamel was observed [19,21]. The bonding procedures were done
under ambient laboratory temperature according to the manu-
facturer’s instructions and the specification TR 11405 of the In-
ternational Organization for Standardization [22]. Thoroughly
saturated brush tip was generously applied as one uniform layer
of the adhesive (Alpha-dent bonding resin, Dental Technologies,
Lincolnwood, USA) onto the prepared enamel surface with dis-
posable brush and left undisturbed for 20 s. The solvent was re-
moved by blowing gently with air (with the tip of the air syringe
approximately 2 cm from the surface) for 20 seconds and then
light-polymerized for 20 s using either the halogen LCU or LED
LCU at zero distance and vertical direction.

PROLUX 570 (Peng Lime, Enterprise Co., LTD, Taiwan) halo-
gen light-curing unite based on halogen technology and a cus-
tom made LED LCU were used in our study. The PROLUX
570 uses a fan cooled halogen bulb with a light intensity of 500
mW /cm? and wavelength range of 400-510 nm. The light intensi-
ty was measured with Demtron Radiometer (Kerr curing Radiom-
eter, Model 100, CT, Danbury, USA). The LED LCU used in this
study was bluephase C5 (Ivoclar, Vivadent, Liechtenstein, Aus-
tria). It has wavelength range 430 — 490 nm and light output was
500 mW/cm? The light intensity of the LED LCU was measured
by the light-meter which integrated in the hand piece holder.

Translucent polyvinylchloride micro-tube of 0.8 mm internal di-
ameter and 1.5 mm high was mounted on the adhesive-covered
enamel surface to restrict the bonding area (Figure-1). The iris
was held firmly on the surface using a double-sided tape to pre-
vent the resin from seeping away from the defined area at the
base. A resin composite (Valux Plus, 3M ESPE, Dental Products,
St. Paul, MN, US.A shade A2) was filled into the cylinder and a
plastic matrix strip was placed over the resin composite and gently
pressed flat and light-cured for the tested curing times using the
light-curing units. Because the tube was clear, the resin could be
thoroughly cured through the iris.

The shear bond strength was measured by micro-shear testing.
Before testing, all samples were checked under an optical mi-
croscope with magnification of 30 (Olympus SZX-ILLB100,
Olympus Optical, Tokyo, Japan) for bonding defects. The sam-
ples showing formation of apparent interfacial gaps, air bubble
inclusions or any other defects were excluded from the study
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Figure 1. Tube used for composite resin application.

and replaced with new specimens. The samples were subjected
to thermal cycling (1500 cycles) in water baths at 5°C and 55°C
for a dwell time of 30 seconds per bath as recommended by the
International Organization for Standardization (ISO TR 11405)
[22,23]. The embedded enamel specimens were placed in the jig
of the universal testing machine (Lloyd instrument LTD, West
Fareham, England) such that the enamel surface was flush with
the edge of the jig, a thin stainless steel wire loop (diameter 0.2
mm) placed around the resin composite cylinder at the enamel—
composite interface, and a load applied at a crosshead speed of
1.0 mm/min until bond failure occurred. The maximum load
applied (N) at failure for each enamel-composite bond was ob-
tained, converted to MPa by dividing by the bonded surface area
(mm?), and recorded as the micro-shear bond strength (MSBS).

After micro-shear bond testing, enamel surfaces were observed
under a SEM (JEOL, JSM-5300, Japan). Bond failure was char-
acterized according to the area of resin remaining on the enamel
surface and then classified into adhesive, cohesive, or mixed mode
of failure. Adhesive mode of failure was recorded if the restora-
tive material was completely detached from the tooth structure
(bonded area between enamel, hybrid like enamel layer or overly-
ing adhesive resin). Cohesive failure if the bond failure was en-
tirely within the restorative material or in enamel. Mixed failure
if the bond failure was a combination of adhesive and cohesive
modes of failure.

Statistical Analysis

Mean shear bond strengths were analyzed by analysis of variance
(One-way ANOVA) and Tukey's test at P<0.05.

Results

The bond strength data are given in Table-1. One-way ANOVA
showed significant differences in microshear bond strengths be-

tween curing lights at different times (Table-2, P< 0.001). At 40
s, the halogen VLC produced significantly higher bond strength
ratio than that of LED LCU. No significant difference was found
between lights at 20 s. There were no significant differences in
bond strength ratios between 10 s and 20 s LED light and 20
s halogen VLC. At 40 s, the LED LCU produced significantly
higher bond strength than that of LED at10 s and 20 s and halo-
gen VLC at 20 s.

SEM indicated different patterns of bond failures. Most of speci-
mens exhibited cohesive failures after fracture for LED light.
However, some specimens of LED showed adhesive failures.
Most of specimens exhibited mixed cohesive/adhesive failures
after the fracture for halogen VLC. However, some specimens
of halogen VLC showed adhesive and cohesive failures. Figure-2
represents the different patterns of failures.

Discussion

Recently, the micro-shear bond test was introduced as an alter-
native to the micro-tensile bond test [17] and as a substitute for
the conventional shear test. The micro-shear bond test involves
the application of a loading force by means of a blade from a
universal testing machine to a resin composite cylinder bonded
to a substrate disc. The micro-shear bond strength was measured
by applying an axial load on the bonded interface using a univer-
sal testing machine [24]. The micro-shear bond test method for
measuring bond strength was introduced [17]. Compared with the

conventional shear bond test, the stress distribution is mote con-
centrated at the interface in the micro-shear bond test [25] which
reduces the chance of cohesive failure in the material that does
not represent the “true” interfacial bond strength.

Advantages of the micro-shear bond test include less demand-
ing specimen collection and easier control of the bond test area
by means of microbore (tygon) tubes |[24]. Shimida et al. [20]

Table 1. Mean micro-shear bond strength and standard deviation of composite resin cured with LED and halogen VLC

units.
LED 10 [LED 20 LED 40 | VLC 20 VLC 40
Mean 22.1¢ 22.9¢ 25.88 23.4¢ 34.6"
SD 3.3 4.1 3.4 4.3 4.5

Table 2. One-way ANOVA results.

Sum of Squares | df Mean Square | F
Between Groups 1052.122 4 263.03 57178 |0
Within Groups 207.008 45 4.60
Total 1259.13 49
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Figure 2. Mode of failure of composite resin: A, Cohesive failure; B, Mixed failure; C, Adhesive failure.

modified the micro-shear bond test by replacing the blade with a
looped orthodontic wire. In a study by Foong et al. [24] on bond
strength to enamel, the wire micro-shear test was shown to be
easier and more reliable compared to the blade micro-tensile test.
It can provide accurate and reliable shear bond strength data. The
bonding diameters of the specimens have been as small as pos-
sible. The smaller diameters give researchers the ability to test sev-
eral bonded specimens on one flat dentin or enamel surface, thus
allowing both for the regional mapping of the mineralized surface
and the conservation of extracted teeth needed to provide the
necessary substrates. The micro-shear test offers the advantages
of facile bond testing for rapid screening of adhesive systems,
regional and depth profiling of a variety of substrates for their
relative adhesiveness, and conservation of teeth. The micro-shear
test also lends itself to in vitro durability studies and may aid in
elucidating adhesion mechanisms [17]. Micro-shear bond strength
allows for straightforward sample preparation giving precise re-
sults preserving the uniformity of the testing area [27].

During the past few years, new generations of lamps— i.e. light-
emitting diode (LED) lamps—have been developed. These lamps
have irradiance values often in the range of 400-500 mW/cm?
Despite the lower irradiance compared with halogen lamps, the
narrow wavelength range of LED lamps have made them more
efficient than the wider wavelength range of halogen lamps. The
most efficient wavelength for the degree of polymerization con-
version of the resin when camphorquinone is used as initiator has
been reported to be 470 nm [28,29]. It has been previously re-
ported that the composite-dentin bond strength decreases as the
amount of light energy decreases. Consequently, if insufficient
light passes through the composite, then the composite-dentin
bond may be reduced [30,31].

Conflicting results are often reported in the literature when the
effects of different LCUs on dental restorative materials are stud-
ied [7,32]. This may be explained by the differences between irra-
diation protocols used, especially regarding the intensities. It was
concluded that the LED source is more efficient for a comparable
overall power output [33]. Rueggeberg et al., [34] observed that
the current blue LED visible light curing units are comparable or
even superior to high power quartz-tungsten-halogen (QTH) cur-
ing devices, due to an enormous increase of power output of high
power blue LEDs. The results of the present study indicated that
bond strength after curing for 40s with QTH LCU was superior
to LED LCU. On the other hand, blue LED LCU was compara-
ble to halogen LCU at 20s. Jandt et al., [35] stated that light acti-
vated dental materials will be less well cured with poorer physical
properties and an increased risk of premature failure of restora-

tions assuming no compensation for decreased LCU irradiance.

Mills et al., [8] indicated that the depths of cure of LED LCU
cured fine filled, microfilled, midifilled and hybrid composites of
medium shades significantly deeper than did the halogen LCU.
Aravamudhan and Rakowskil demonstrated that both light in-
tensity of LED LCU and depth of cure decrease with increasing
distance. Fowler et al., [36] concluded that the performance of
composites cured with different curing methods has led us to hy-
pothesize that light enetgy per unit atea (J/cm?), rather than light
irradiance (mW/cm?), is the critical vatiable to consider during
light curing, With these curing units, dentists were advised to cure
2-mm thick composite increments for 40 s. The depth of cure of
composite resins is mainly dependent on exposure time and dis-
tance of the light guide tip of the light source from the composite
resin. Furthermore, layer thickness, shade and the translucency of
the composite resin have an influence on the depth of cure [2].
Therefore, it can be concluded that the polymerization time can
be reduced, if a multiple exposures for composite increments are
taken into consideration [37].

Schattenberg et al., [38] concluded that all the blue LED-curing
devices cured composite resin sufficiently in an exposure time
of 20 s when a multiple exposure of composite increments was
taken into consideration. The post-curing through a second and
third layer of resin composite might positively influence the po-
lymerization of the first increment. The minimum exposure time
can be reduced to 20 s or 10 s with respect to the individual light
curing device/resin composite combination.

The manufacturers of LED LCU used in this study stated that
20 s is valid for light-curing adhesives and a maximum of 30 s
for composite resins with a layer thickness of up to 2 mm. In this
study 10 s curing time was suggested to test the ability of reducing
the curing time with LED LCU. This study indicted that 10s LED
curing time not differs significantly from 20 s LED and 20s QTH
lights for curing 2 mm composite resin. So, multiple 10s curing
time in incremental application of composite resin was sufficient
to get adequate bond strength.

One of the most common methods of testing adhesive systems
is the shear bond strength test and has been reported as the most
prevalent in literature [39,40]. It can provide useful information
regarding the bonding mechanism and handling characteristics of
adhesives [39,41]. Specimens were subjected to thermo-cycling as
a means of artificially ageing or weakening bonds prior to testing,
as described by the Organization for International Standardiza-
tion [22].
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The measured bond between enamel and resin serves two purpos-
es, to help to retain the restoration in place and to help to resist
the forces of polymerization shrinkage and hence micro-leakage.
It has been estimated that shear bond strength of the order of
17 to 20 MPa is required to achieve these objectives [35,42]. The
results obtained from this study fulfills the bond strength require-
ments when the composite resin was cured at 10 s LED (22 MPa).

At 40 s curing time, the conventional LCU produced higher bond
strength than that of LED LCU at 40s curing time. Both units
cured the composite deeper than required by both ISO 4049.
Price et al.,, [43] concluded that neither of the two LED lights
used was able to adequately polymerize the five resin composites
tested. The QTH light, which delivered the greatest total energy,
always produced the hardest resin composite.

Mavropoulos et al., [44] concluded that a curing time of 10 s was
found to be sufficient to bond metallic brackets to incisors using
intensive LED curing units. These new, comparatively inexpen-
sive, curing lamps seem to be an advantageous alternative to con-
ventional halogen lamps for bonding orthodontic brackets.

Higher shear bond strength is equated with enhanced perfor-
mance, and cohesive failures within tooth structure or composite
resin are considered superior to failures within the adhesive layer.
A mixed failure mode, with regions of cohesive and adhesive fail-
ures, may also occur. When shear bond strength values of adhe-
sive bonding systems exceed the reported shear bond strength of
tooth structure, the adhesive resin is assumed to no longer be the
limiting factor in bonding success [39]. A strong correlation was
found between the mean bond strength and the failure mode: the
higher the bond strength, the higher the rate of cohesive failure
[45].

Conclusions

The following conclusions were drawn from the results of this
study.

1. Sufficient statistical evidence was provided for the rejection of
the null hypotheses concerning invariance of bond strength with
curing units and irradiation time at 40 s.

2. Micro shear bond strengths of dental composites cured under
laboratory conditions with a LED LCU at 10 s and 20 s were
statistically equivalent to those cured with a conventional halogen
LCU at 20 s.

3. Both units provided sufficient output to exceed the minimum
requirements in terms of composites’ micro-shear bond strength
according to ISO 11405, 1994.

4. Although there was a clear statistical difference between the
performance of the QTH and LED LCUs, the LED LCUs’ per-
formance can be considered clinically satisfactory.
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