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ABSTRACT

Objectives: The aim of this study was to compare the shear bond strength (SBS] of two different
light sources under different thermal cycle frequencies.

Methods: Ninety human premolar teeth were divided into six groups, in which three groups con-
sisted of halogen groups - Group | was cured with halogen without thermocycle, Group Il cured with
halogen with 500 thermocycles, and Group Ill cured with halogen with 10,000 thermocycles. The other
three groups consisted of Plasma arc (PAC) group - Group IV was cured with PAC without thermo-
cycle, Group V cured with PAC thermocycled 500 cycles, and Group VI cured with PAC thermocycled
10,000 cycles. Two way ANOVA was used to compare the SBS between the groups, and chi square-
test was used to compare the bond failure of ARl scores among the groups.

Results: A significant difference was found for curing lights (P<.001) and thermocycling (P<.01).
However, there was no interaction between light curing and thermocycling (P=.177). The halogen
groups demonstrated higher mean SBS than the PAC groups. Both groups showed a significant re-
duction between no cycles and 10,000 cycles (P<.05).

Conclusions: Both light sources showed favorable SBS performance without the thermocycle pro-
cedure. Thermocycling significantly decreased the SBS values of both groups. (Eur J Dent 2010;4:257-
262)
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et, reduces the risk of contamination, and helps in
easy removal of excess material after bonding.?

Most sources of visible blue light applied in
dentistry use tungsten-filament halogen lamps
that incorporate a blue filter to produce light of
400-500 nm. The basic principle of light conver-
sion by the halogen technique is inherently ineffi-
cient.* The disadvantages of conventional halogen
units are the degradation of the lamp, the filter,
and the reflector, leading to reduced curing ef-
fectiveness.® They have a limited lifetime of 100
hours. Filters can undergo blistering, and reflec-
tors can discolor. The prolonged curing time with
halogen bulbs can be uncomfortable to the pa-
tient, impractical with children, and inconvenient
for the clinician.5

In the 1990s, rapid light-curing alternatives to
the conventional halogen units, such as quartz-
tungsten halogen (QTH), plasma arc curing light
(PAC), and light-emitting diode (LED) were intro-
duced in orthodontics.’

The reduced curing achieved when the PAC
light is used to bond the orthodontic bracket is
advantageous for both the patient and the clini-
cian.®* Manufacturers have declared that the PAC
lamp in restorative dentistry reduces the time
needed to cure the composite resin filling materi-
als from 30-40 seconds to as little as 1-3 seconds.
However, conventional halogen lamps emit white
light, which is filtered to produce blue light with
a wavelength of 400-500 nm at an energy level of
approximately 300 mW. The PAC lamp has a much
higher peak energy level of 900 mW with a nar-
rower spectrum of 430-490 nm.®

Studies performed under ideal laboratory con-
ditions do not describe how the materials might
act in the oral cavity. Clinically, intraoral contami-
nation, moisture, and temperature can influence
the bond strength. Therefore, thermocycling is
used to simulate clinical conditions and enhance
the human applicability of bonding agents.” Pre-
vious studies have evaluated the effect of ther-
mal cycling.’®"" However, the various numbers of
cycles under different light sources has not been
evaluated in detail.

The aim of this study was to compare the shear
bond strength (SBS) of two different light sources
under different thermal cycle frequencies.

MATERIALS AND METHODS

Two different light units for curing an orth-
odontic bracket adhesive were compared: a PAC
light-curing system [(Apollo 95E Dental Medical
Diagnostics, Woodland Hills, California, USA] and
a conventional halogen light-curing system (Hilux
dental, Ankara, Turkey). Apollo 95E is a PAC that
emits light in a narrow band between 440 nm and
495 nm, according to the manufacturer’s instruc-
tions for use. With the standard light guide (8 mm
in diameter), an intensity of 980 mW cm? was mea-
sured with an Optilux radiometer when the light
guide was placed directly on the detector. The
Hilux dental is a halogen light cure with a wave-
length between 400 nm and 515 nm. The standard
light guide (8 mm in diameter) with an intensity of
500 mW cm? was measured through checking the
Optilux radiometer.

Ninety human maxillary premolar teeth ex-
tracted for orthodontic reasons were cleaned of
debris and stored in distilled water. The criteria
for tooth selection were intact buccal enamel; no
pretreatment of chemical agents, such as deriva-
tives of peroxide, acid, or alcohol; no cracks from
forceps; no caries; and no restorations. The teeth
were stored in distilled water continuously after
extraction. The water was changed weekly to avoid
bacterial growth. Before bonding, the labial sur-
faces of the teeth in all groups were polished using
non-fluoride pumice, rinsed with water, and dried
with an air spray. The teeth were embedded in
phenolic rings using autopolymerizing polymethyl
methacrylate. A mounting jig was used to align the
facial surface of the tooth to be perpendicular to
the bottom of the mold and its labial surface par-
allel to the force during the SBS test.

Before bonding, the teeth were randomly divid-
ed into six groups, each containing 15 teeth. The
bonding surface of each tooth was pumiced for 10
seconds and rinsed for 10 seconds with distilled
water. Fifteen teeth were etched for 20 seconds
with 37% phosphoric acid, washed with a spray for
10 seconds, and dried to a chalky-white appear-
ance, and subsequently, the sealant was applied
to the etched surface. The surface was thorough-
ly dried, and a thin layer of orthodontic adhesive
primer (Transbond XT™, 3M Unitek, Monrovia,
California, USA] was applied. An orthodontic com-
posite resin (Transbond XT™ adhesive paste) was
used for all teeth.
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In this study, orthodontic premolar metal
brackets (Generus Roth, GAC, NY, USA) were used.
The average bracket surface area of the bracket
base was determined to be 12.4 mm?. Each brack-
et was placed on the tooth with a constant force by
one operator (0.S.).

Group I: Brackets were cured with the halogen
light for 20 seconds and stored in distilled water
for 24 hours.

Group Il: Brackets were cured with the halogen
light for 20 seconds and thermocycled in water be-
tween 5+2°C and 50+2°C for 500 cycles.

Group Ill: Brackets were cured with the halo-
gen light for 20 seconds and thermocycled in wa-
ter between 5+2°C and 50+2°C for 10,000 cycles.

Group IV: Brackets were cured with the PAC
light for 6 seconds (3 s mesial and 3 s distal) and
stored in distilled water for 24 hours.

Group V: Brackets were cured with the PAC
light for 6 seconds (3 s mesial and 3 s distal) and
thermocycled in water between 5+2°C and 50+2°C
for 500 cycles.

Group VI: Brackets were cured with the PAC
light for 6 seconds (3 s mesial and 3 s distal) and
thermocycled in water between 5+2°C and 50+2°C
for 10,000 cycles.

The exposure to each bath was 30 seconds and
the transfer time between the two baths was 5-10
seconds. 500 cycles between 5°C and 50°C were in
accordance with the recommendation of the Inter-
national Organization for Standardization (ISO/TS
11405)."2 The other 10,000 cycles were performed
to demonstrate long-term exposure to moisture at
oral temperature.

The PAC light was calibrated by inserting the
curing tip completely into the calibration port
and then depressing the hand switch. The halo-
gen light was calibrated by placing the fiber-optic
probe directly on the top of the built-in sensor un-
til the light indicated that the probe intensity was
adequate.

A universal testing machine (LF Plus, LLOYD
Instruments, Ametek Inc., England) was used for
the shear bond test at a crosshead speed of 1 mm/
min. Force was applied directly to the bracket-
tooth interface using the flattened end of a steel
rod. The load at failure was recorded by a personal
computer connected to the test machine. SBS val-
ues were calculated as the recorded failure load
divided by the surface area (bracket base) and

Sokucu, Siso, Ozturk, Nalcaci O

were expressed in megapascals (MPa).

After debonding, the enamel surface of each
tooth and the bracket bases were examined with
a stereomicroscope (magnification x10) by one
investigator (S.H.S.) to determine the amount of
residual adhesive remaining on each tooth. The
adhesive remnant index (ARI) was used to assess
the amount of adhesive left on the enamel sur-
faces.’® This scale ranges from 0 to 3. A score of
0 indicates no adhesive remaining on the tooth in
the bonding area, 1 indicates less than half of the
adhesive remaining on the tooth, 2 indicates more
than half of the adhesive remaining on the tooth,
and 3 indicates all adhesive remaining on the tooth
with a distinct impression of the bracket mesh.

Statistical analysis

Two-way analysis of variance was used to
obtain the significant differences among curing
lights, thermocycling, and their interactions. All
treatment combination means for bond strength
values were compared using the Tukey multiple
comparison test (a=.05). The chi-square test was
used to compare the bond failure of ARI scores
among the groups.

RESULTS

The two-way analysis of variance showed a
significant difference for curing lights (P<.001)
and thermocycling (P<.01). However, there was
no interaction between light curing and thermo-
cycling (P=.177). The statistical results of SBS are
presented in Tables | and Il. It was found that the
groups that did not undergo the thermocycle pro-
cess (Groups | and IV) revealed higher SBS values
than the thermocycled groups.

The comparison of both the groups indicated
that the halogen groups demonstrated higher
mean SBS than the PAC groups. Both groups
showed a significant reduction between no cycles
and 10,000 cycles (P<.05).

Table Il shows the distribution of ARI scores
expressed as the frequency of occurrence. The
halogen groups (I, II, I} and plasma groups (IV, V,
VI) predominantly had ARI scores of 1. This result
indicated that the brackets failed at the enamel-
adhesive interface. It is shown that after 10,000
cycles, the ARI scores shifted to 1 in the PAC
group. Contrary to this, the halogen group shifted
to score 0 in the same cycle. The chi square-test
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demonstrated no statistical difference between
both the groups (P>.05).

DISCUSSION

The purpose of this study was to compare the
SBS with halogen and PAC after being thermo-
cycled. Previous studies showed that thermocy-
cling and water storage affected the SBS of brack-
ets.’%" In the absence of these procedures, the
SBS testing provides only the initial bond strength
data. Therefore, it is important to include thermal
cycling of the specimens to assess the durability
of the bond.

There was no statistical difference in the SBS
values between the two light sources without
thermocycled procedure. Reynolds™ indicated
that the minimum SBS for the orthodontic treat-
ment is from 5.9 to 7.9 MPa. Furthermore, our
results showed that without thermocycling, both
light sources have acceptable SBS values (Halo-

gen light: 21.20 MPa, PAC: 19.72 MPa). Oesterle et
al" reported that PAC is four times more intense
than halogen light. The PAC exposure time of 6-9
s produces SBS equal to those produced in 40 s
by a conventional halogen curing light in vitro. In
another study, Pettemerides et al® compared the
failure rates in both PAC and halogen lights in an
in-vitro study and observed no differences. It was
shown that the PAC had acceptable SBS values
compared to those for the halogen light with the
advantage of reducing chair time.

After 500 thermocycles, a decrease in SBS was
observed in both groups. The decrease in SBS
was around 6 percent in the halogen group and 28
percent in the PAC group. Daub et al” observed
a 16.7 percent decrease after 500 thermocycles
with the halogen-light procedure. However, Arici
and Arici’ found only a 5.7 percent reduction in
the bond strength after 200 thermocycles.

The theories of the reduction after thermocy-

Table 1. Two-way analysis of variance of force (MPa) required in debonding metal brackets.

Type 11 SS df MS F sig.

Type of curing 507.38 2 253.6 7.6 001

Thermocycling 256.7 1 256.7 7.7 .007
A

Curing light 116.6 2 58.3 1.7 290

thermocycling

Table 2. Mean and standard deviations (SD) for each group.

Thermocycling status

No cycles 500 cycles 10,000 cycles

Mean (SD) Mean (SD) Mean (SD)
Halogen group 21.2 (£5.1) A 19.72 (+5.7) B 14.92 (+5.8) C
Plasma group 18.88 (+6.3) B 13.64 (£6.9) C 13.18 (+3.8) C

* Groups shown with different letters were significant at P=.05, according to Tukey’s HSD test.

Table 3. Frequency and percentage occurrence of the adhesive remnant index (ARI) for each group. A score of 0 indicates no adhesive remaining on the tooth in the bonding
area, 1 indicates less than half of the adhesive remaining on the tooth, 2 indicates more than half of the adhesive remaining on the tooth, and 3 indicates all adhesive remaining

on the tooth with a distinct impression of the bracket mesh.

Groups N ARI=0 ARI=1 ARI=2 ARI=3
Group I Halogen No cycles 15 3 (20%) 10 (66.7%] 116.7%) 116.7%)
Group Il Halogen 500 cycles 15 3 (20%] 11173.3%) 1(6.7%) 0 (0%
Group Il Halogen 10,000 cycles 15 5 (33.3%) 9 (60%) 1(6.7%) 0 (0%)
Group IV Plasma Arc No cycles 15 6 (40%) 8 (53.3%) 1(6.7%) 0 (0%)
Group V Plasma Arc 500 cycles 15 2(13.3%) 12 (80%) 1(6.7%) 0 (0%)
Group VI Plasma Arc 10,000 cycles 15 1(6.7%) 14 (93.3%) 0 (0%) 0 (0%)
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cling include the differences in the coefficient of
thermal expansion among the adhesive, metal
bracket, and enamel. The cyclical stress of ther-
mocycling at two different temperature extremes
could also cause some weakened areas within the
bond to grow progressively in size.' Another theo-
ry involves the absorption or solubility of the com-
posite after thermocycling. This procedure causes
hygroscopic expansion as well as chemical deg-
radation of the materials. It has been shown that
composites that were thermocycled absorb more
water than those that were not thermocycled."

Our findings showed that thermocycling affect-
ed the SBS of both light sources. We want to point
out the significant decline of the PAC group. In ad-
dition, it is known that rapid curing may not allow
sufficient time for the pre-gel phase of the mate-
rial to absorb polymerization/contraction stress-
es.”® This partial polymerization can increase the
water absorption, which can affect the longevity of
the restoration.'”? An adhesive layer that is very
thin in the orthodontic brackets may be more af-
fected under the thermal cycle of the PAC than the
halogen-light source. Therefore, the SBS values
may show significant reduction in the PAC group.

The 10,000 thermocycles correspond to ap-
proximately one year under humidity and tem-
perature changes.?’ However, the response to
the 10,000 thermal cycle procedure was differ-
ent for both light sources. The reduction in SBS
was decelerated by 2.5 percent in the PAC-light
group. Under the same procedure, the halogen-
light group showed a greater reduction of about
26.4 percent. The PAC group showed a significant
reduction under 10,000 thermocycles, as did the
halogen group. Interestingly, there was a regular
decrease in the SBS values in the halogen group,
while no decrease was observed in the PAC under
10,000 cycles. The negative effect of the high in-
tensity of the PAC may be normalized or adapted
after a particular amount of time. Therefore, the
response of the PAC to the humidity and tempera-
ture changes were similar to that of the halogen
light at the end of 10,000 cycles.

Similarly, Manzo et al? investigated bracket
failure in patients in halogen and PAC groups. The
follow-up occurred for approximately 406 days,
and no statistical difference was observed.

The ARI was developed to quantify the amount
of adhesive that remains on the bracket after a

Sokucu, Siso, Ozturk, Nalcaci O

bracket base is debonded. The ARI scores did
not show any statistical differences between the
light sources. Before thermocycling, failure of the
bracket was observed at enamel-adhesive (score
1). After thermocycling, the predominant scores
did not change in both groups. However, it was
observed that the halogen group shifted toward
ARl scores of 0 with the increasing the number
of cycles. Increasing the number of thermocycles
caused less adhesive to remain on the tooth. How-
ever, the bracket failure of the PAC group shifted
to scores of 1. However, mainly, the thermocycling
procedures did not affect the bracket failure in
either group. The failure of this type (adhesive-
bracket) may be advantageous for removing resid-
ual adhesives from the teeth. On the other hand,
the enamel surface can be damaged when failure
occurs in this mode.

With respect to the clinical aspect of this study,
the two methods have been successful under the
thermocycle procedures. However, the PAC seems
to be more beneficial than the halogen-light cure;
approximately 5 minutes could be saved for the
complete upper and lower arch. This chair time
saved reduces the risk of saliva contamination
and an increase in the pulpal temperature, as well
as reducing further incidences of bond failure.
The disadvantage of the PAC is that its cost is ap-
proximately six times higher than that of a halogen
light.

CONCLUSIONS

e Both light sources showed favorable SBS
performance without the thermocycle procedure.

e Thermocycling significantly decreased the
SBS values of both groups.

e After 10,000 thermocycle procedures, the re-
sponse of both the light sources, i.e. SBS values,
was similar.

e The ARI scores under the thermocycle pro-
cedures showed no differences between the two
light sources.
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