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Ithough halogen light-curing units are the

most common type used to cure orthodontic
adhesives, this technology has several draw-
backs. Halogen bulbs have a limited effective
lifetime of approximately 40-100 hours.! In addi-
tion, high temperatures cause a gradual degrada-
tion of the halogen bulb, reflector, and filter,
reducing the intensity of the light output and thus
the unit's effectiveness in curing composite
resins.2 The clinical implication is that with an
aging light-curing unit, adhesives will be less
well cured, with poorer physical properties and
an increased risk of bond failure.

In addition, several studies have demon-
strated that many dental halogen light-curing
units do not reach the minimum power output
specified by the manufacturers.24 This can be a
result of improper maintenance, including failure
to make a critical check of the light irradiance
and to replace the filter and the halogen bulb on
aregular basis.

Recently, high-intensity light-curing units
such as xenon-arc sources have been introduced
in clinical practice, with the advantage of
reduced curing times. These devices, however,
are more complex and more costly compared
with halogen sources.

As another aternative to halogen light-cur-
ing units, light-emitting diode (LED) technology

has recently been proposed for curing dental
composites.s LEDs are semiconducting materials
that transform current into light of a specific
wavelength. They are much smaller and lighter
than conventional bulbs. They offer high shock
resistance, asthereis no filament to be damaged,
and their relatively low power consumption
makes them suitable for portable use in cordless
devices. LEDs have lifetimes of more than
10,000 hours and experience little degradation of
light output over this time—a distinct advantage
over halogen bulbs.t In addition, LEDs require
no filters to produce blue light. The spectral out-
put of these LEDs falls mainly within the absorp-
tion spectrum of the camphoroguinone photoini-
tiator (400-500nm) of most dental composites.
LED sources have been found to produce a
depth of cure significantly greater than that
achieved with a conventional halogen light.”8 No
significant differences in compressive strength,?
flexural strength, or modulust® were found be-
tween composites polymerized with halogen
units and those cured with LED units. To date,
however, the curing efficacy of LEDsin bonding
orthodontic brackets has not been fully investi-
gated. The purpose of this article isto describe a
new LED curing source and to compare the
effects of halogen and LED curing units on the
shear bond strength of a composite resin used for
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direct bonding of stainless steel brackets.

GC E-Light
The GC E-Light* containsan array of 64 F-

grade LEDs that produce an intensity as high as
1,500mW/cmz (calculated by dividing the power
of the unit by the area of the light guide). The
unit is manufactured as a cordless handpiece,
incorporating the diode array, the battery holder,

Fig. 1 GC E-Light.

/. .III""J-

Fig. 2 LCD screen, keyboard, and memory com-
partment.
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Fig. 3 Scanning bar codes supplied by manufac-
turers of orthodontic adhesives.
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and a compartment housing the interchangeable
memory module and a socket for Internet con-
nection (Fig. 1).

Just above this compartment are the key-
board for menu selection and the LCD display
(Fig. 2). The top line of the LCD screen displays
the menus and selected programs, while the bot-
tom line shows a battery-charge indicator, an
indicator for Internet connection, and a count-
down timer. The keyboard has four buttons: the
two navigation buttons are used to switch from
one menu to ancther and to select programs, the
validation button to confirm the selected menu,
and the return button to go back to the main
menu.

The E-Light offers awide variety of menus
and curing programs (Table 1). With the “Favor-
ites” menu, it is possible to consult the 15 previ-
ously used curing modes or adhesives. The fast-
curing menu has three different modes (six, nine,
and 12 seconds), each with the unit at an intensi-
ty of about 1,500 mW/cmz2. The pulse-curing
menu produces full power in a pulsating mode—
in other words, an emission of flashes at different

TABLE 1
MENUS AND CURING PROGRAMS
OF THE GC E-LIGHT

Menu Curing Programs
Fast cure 6 seconds

9 seconds

12 seconds
Pulse cure 6 x 1 second

10 x 1 second
10 x 2 seconds

Traditional Medium (40 seconds)
Standard (40 seconds)
Turbo (10 seconds)
Soft cure A (40 seconds)
Soft cure B (40 seconds)

Download

Bar code

Favorites

Library
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intervals, with a relaxation period of 250 mil-
liseconds between light exposures. The intensity
of the unit in this mode is aso around
1,500mW/cmz2. The traditional curing menu con-
tains five different programs, simulating a halo-
gen unit:

1. Medium (40 seconds at 450mW/cm?)

2. Standard (40 seconds at 750mW/cm?)

3. Turbo (10 seconds at 1,200mW/cm?)

4. Soft-start curing A (20 seconds from O-
1,200mW/cm?z and 20 seconds at 1,200mW/cm?)
5. Soft-start curing B (20 seconds from O-
600mW/cm? and 20 seconds at 600mW/cmg2)

The library menu contains the names of
visible-light-cured materials that have been
stored in the memory of the unit. If the desired
adhesive is not listed, the list can be updated by
changing the memory module, downloading the
information from the Internet, or using the hand-
piece to scan a bar code supplied by the manu-
facturer (Fig. 3). The download menu is used to
upgrade the system software, the curing profiles,
and the materials library by connecting a serial
cable between the unit and the nine-point serial
port of a computer. The bar-code menu automat-
icaly programs the unit in the appropriate poly-
merization mode.

The lithium-ion battery provides sufficient
power for 300 light-ups of three seconds each on
full power or 15 minutes each in soft-start curing
mode.

Experimental Investigation

We performed an in vitro study to evaluate
the shear bond strengths of a composite resin
(Transbond XT**) cured with two different light
sources. a halogen unit (Astralis 10***) and an
LED unit (GC E-Light).

Thirty freshly extracted bovine permanent
mandibular incisors were randomly divided into
two groups of 15 specimens each. The teeth were
*Trademark of GC America, Inc., 3737 W. 127th St., Alsip, IL
60803.

**Trademark of 3M Unitek, 2724 S. Peck Road, Monrovia, CA
91016.

***Registered trademark of Ivoclar Vivadent, Inc., 175 Pineview
Drive, Amherst, NY 14228.
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cleansed of soft tissue and then embedded in
cold-curing, fast-setting acrylic, with each tooth
oriented so that itslabia surface would be paral-
lel to the force during the shear bond test. Before
bonding, the facial surface of each incisor was
cleaned with amixture of water and fluoride-free
pumice, using a rubber polishing cup for 10 sec-
onds. The enamel surface was then thoroughly
rinsed with water and dried with an oil-free air
stream.

Maxillary central incisor brackets with
.018" dots (Victory Series**) were bonded to
each tooth by the same operator, using a conven-
tional orthodontic light-cured adhesive (Trans-
bond XT**) according to the manufacturer’s
directions. Each enamel surface was etched with
37% phosphoric acid gel for 30 seconds, fol-
lowed by thorough rinsing and drying. After
application of the primer, the bracket was bond-
ed near the center of the facial surface of the
tooth with sufficient pressure to express excess
adhesive, which was removed with a scaler
before polymerization.

The halogen light-curing unit was set to the
high-power program (HIP, light intensity:
1,200mW/cm?), and the LED source to the fast-
curing mode (light intensity: 1,500mW/cm?). Al-
though the Transbond X T manufacturer’s recom-
mended curing time for metal brackets with a
conventional halogen light is 20 seconds, the
high intensity of the Astralis 10 allows curing
time to be reduced to 10 seconds. Therefore, the
curing protocols were as follows:

Group A: Cured with the halogen light for 10

**Trademark of 3M Unitek, 2724 S. Peck Road, Monrovia, CA
91016.

TAMETEK Precision Instruments, Meerbusch, Germany.
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Fig. 4 Shear bond strengths (MPa) of two groups
tested.

TABLE 2
SHEAR BOND STRENGTHS (MPA)

No. Mean + S.D. Median Range

Astralis 10 15 23.7+7.3 26.2 9.1-34.2
GC E-Light 15 199+5.7 20.3 10.0-28.0

seconds (five seconds each from the mesial and
the distal).

Group B: Cured with the LED light for six sec-
onds (three seconds each from the mesial and the
distal).

With each source, the light tip was inclined
at a45° angleto the buccal enamel and placed as
close as possible to the bracket base.

After bonding, the samples were stored for
24 hours in distilled water at room temperature.
Shear testing was then conducted with an Erich-
sen-Wuppertal Testing Machine.t The speci-
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mens were stressed in an occlusogingival direc-
tion at a crosshead speed of Imm/minute. The
maximum load necessary to debond or initiate
bracket fracture was recorded in Newtons and
converted to megapascals (MPa) as a ratio of
Newtons to the surface area of the bracket.
According to Student’s t-test, no statistical-
ly significant difference (p = .12) was found be-
tween the mean shear bond strength of the group
cured with the halogen light and that of the group
cured with the LED source (Fig. 4, Table 2).

Discussion

Asthis study demonstrates, the GC E-Light
can cure orthodontic brackets more rapidly (six
seconds) than the Astralis 10 light (10 seconds),
with no significant reduction in bond strength.
Both devices produced shear bond strengths
above the clinically acceptable limits suggested
by Reynolds.t Therefore, LEDs can be recom-
mended as a viable aternative for curing com-
posite resins in orthodontic bonding.

LEDs offer a number of advantages over
conventional halogen light-curing units. The rise
in temperature during polymerization of com-
posite resins with a halogen light is twice that
with an LED unit.22 In addition, because no
wavelengths outside the 450-490nm range are
emitted by LEDs, there is no need for filters, and
the energy input-to-output efficiency is higher.
This has alowed manufacturers to produce port-
able, cordless units with rechargeabl e batteries.

Further clinical investigations comparing
the failure rate of direct-bonded brackets cured
with the GC E-Light to that of brackets cured
with conventional halogen units are currently in
progress.
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