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Effectiveness of composite resin polymerization using light-
emitting diodes (LEDs) or halogen-based light-curing units

Efetividade de polimerizacdao de uma resina composta
fotopolimerizada por diodos emissores de luz (LEDs) ou

luz halégena
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ABSTRACT: The clinical performance of composite resins is greatly influenced by the quality of the light-curing
unit used. The aim of this study was to compare the efficiency of a commercial light-emitting diode (LED) with that
of a halogen-based light-curing unit by means of dye penetration of a micro hybrid composite resin. The composite
resin evaluated was Filtek Z250 (3M Dental). The composite was filled into acrylic moulds that were randomly po-
lymerized for 40 seconds by each of the light-emitting systems: light-emitting diode Ultraled (Dabi Atlante) or halo-
gen light Degulux (Degussa Hils) curing units. Immediately after polymerization, each specimen was individually
immersed in 1 ml of 2% methylene blue solution at 37°C + 2°C. After 24 hours, the specimens were rinsed under
running distilled water for 1 minute and stored at 37°C £ 2°C at relative humidity for 24 hours. The composite res-
ins were removed from the moulds and individually triturated before being immersed in new test tubes containing
1 ml of absolute alcohol for 24 hours. The solutions were filtered and centrifuged for 3 minutes at 4,000 rpm and
the supernatant was used to determine absorbance in a spectrophotometer at 590 nm. To verify the differences
between groups polymerized by LED or halogen light t-test was applied. No significant differences were found be-
tween composite resins light-cured by LED or halogen light-curing unit (p > 0.05). The commercially LED-based
light-curing unit is as effective to polymerize hybrid composite resins as the halogen-based unit.

DESCRIPTORS: Composite resins; Spectrophotometry.

RESUMO: A longevidade clinica das resinas compostas é grandemente influenciada pela qualidade do aparelho
fotopolimerizador utilizado. O objetivo deste trabalho foi comparar a eficacia de um aparelho fotopolimerizador de
diodos emissores de luz e a de um de luz halégena através do grau de penetracdo de um corante em uma resina
composta micro-hibrida. A resina composta utilizada (Filtek Z250/3M Dental) foi inserida em matrizes acrilicas e
fotopolimerizada por 40 segundos por um aparelho fotopolimerizador de diodos emissores de luz (Ultraled/Dabi
Atlante) ou de luz halégena (Degulux/Degussa Hiils). Imediatamente depois, os corpos-de-prova foram imersos em
1 ml de solucao de azul de metileno a 2% e mantidos em estufa a 37°C + 2°C. Apds 24 horas, foram lavados com
agua corrente destilada por 1 minuto e armazenados em estufa a 37°C £ 2°C em umidade relativa por 24 horas. As
resinas compostas foram removidas das matrizes, individualmente trituradas e imersas em 1 ml de alcool absoluto
por 24 horas. As solucodes foram filtradas e centrifugadas por 3 minutos a 4.000 rpm, e o sobrenadante foi utilizado
para determinar a absorbancia em um espectrofotometro a 590 nm. O teste t foi aplicado para verificar as dife-
rencas entre os grupos. Nao houve diferencas estatisticas entre os grupos fotopolimerizados por diodos emissores
de luz ou luz halégena (p > 0,05). O aparelho fotopolimerizador de diodos emissores de luz apresentou a mesma
efetividade em polimerizar uma resina composta micro-hibrida quanto o de luz halégena.

DESCRITORES: Resinas compostas; Espectrofotometria.

INTRODUCTION

Dental composites are important materials
employed in restorative procedures. However,
composite resins still present some limitations,
such as polymerization shrinkage, the necessity
for procedures to avoid contact with humidity, low
abrasion strength and color instability?3.

In addition to technological improvements
in composite resins, light-curing units have also
attained better properties for complete restora-
tion polymerization®. Halogen or quartz tungsten
halogen lamps have been more widely employed
than any other device as a practical alternative
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method for polymerizing resins, bonding systems,
bases and liners, luting agents, and some provi-
sional restorative materials. These units operate
with a white halogen bulb, filtered to remove the
undesirable wavelengths. However, a considerable
number of other wavelengths are still emitted and
absorbed by composite resins, inducing heating
of material and tooth during the polymerization
process. The decline of irradiance due to bulb’s
and filter’s ageing over time by generated heat has
also been reported!?!®. The camphorquinone em-
ployed as a photoinitiator is sensitive to light of the
blue region of the visible spectrum and the most
adequate wavelength is within the 450-490 nm
wavelength range!¢. Thus, any source of light with
a reasonable irradiance within this range can be
employed as a curing device. However, to obtain
the correct irradiance of blue light to polymerize
resins, a reasonable interval of time of around 40
seconds and a powerful light intensity emitted by
the halogen lamp will be necessary (depending on
the brand of the material), both related to the light
density that reaches the resin.

A varied range of light unit systems have been
introduced in the marketplace, like plasma arc
lights (which are high intensity light units), argon
ion laser, pulse delay, and ramped or stepped (soft-
start polymerization) output systems?° to decrease
the time spent with polymerization procedures or
to avoid gap formation, polymerization shrinkage
and pulp damage??232527.28, However, light-emit-
ting diodes (LED), specifically LEDs with gallium
nitride blue as a semiconductor, demonstrated
advantages in preventing overheating due to spec-
tral purity, achieving highly efficient dental com-
posite polymerization. The energy range between
450-490 nm is ideal for activating materials that
use camphorquinone as initiator and less power
is required to operate these devices, eliminating
the need for filters and a cooling fan, since heat-
producing infrared wavelengths are eliminated.
LEDs do not degrade over time and the light they
produce has constant intensity**2°.

Some studies have reported that LED curing
units show efficiency in hybrid composite resin
polymerization!®131421.24 " induce less polymeriza-
tion shrinkage® and do not cause thermal changes
in pulp tissues®?%. Leonard et al.!! (2002) showed
that LED-based curing-lights require considerably
longer exposure durations than the quartz tung-
sten halogen curing-light to adequately polymer-
ize hybrid and microfill composite resins. Some
studies used experimental LED units rather than

commercial products and halogen light intensity,
which the LED unit was compared with, was re-
duced to coincide with the reduced power density
output of the LED unit®!32124, Thus, composite
resins polymerized by ineffective equipment may
present low mechanical strengths and stains on
the outer surface of the material, or even in the
bulk of the material, which harms the physical
properties of the restoration.

This study aimed to compare the efficiency of
a commercial LED to a halogen-based curing-light
unit by means of dye penetration of a micro hybrid
composite resin.

MATERIALS AND METHODS
Experimental design

Two light-curing units were under study: light-
emitting diode (LED) Ultraled (Dabi Atlante, Ri-
beirdo Preto, SP, Brazil) and halogen light Degulux
(Degussa Htuls, Postfach, Hanau, Germany). The
experimental units consisted of 40 composite resin
specimens, randomly and evenly assigned to be
polymerized by both light-curing devices (n = 20).
Dye penetration variable response was evaluated
by quantitative methods obtained by spectropho-
tometer tests.

Specification of the materials

A micro hybrid composite resin was evalu-
ated: Filtek Z250 (3M Dental Products, St. Paul,
MN, USA). Filtek Z250 is a composite resin that
contains zircon glass and colloidal silica as inor-
ganic fillers (batch number 1 LU, shade A2). The
light-curing unit specifications are presented in
Table 1.

Specimen preparation and
spectrophotometer tests

Shade A2 of the micro hybrid composite was
used in this study. The composite was filled into
acrylic moulds, 4 mm in internal diameter and
2 mm in depth. A transparent Mylar strip (3M, SP,
Brazil), a glass microscope slide and a load of 500
grams were placed on the top of the mould for a pe-
riod of 30 seconds to extravasate excess material,
avoid porosities and allow parallel planar surfaces.
The slide and load were removed and the mould
was randomly polymerized for 40 seconds with
either the LED or the halogen light-curing units
placed against the Mylar strip. The intensity of the
light-curing units was monitored by a radiometer
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TABLE 1 - Light-curing units’ specifications and manufacturers.

. . . . Mean
Type of light Light-curing unit intensity Manufacturer
Quartz tungsten halogen light | Degulux 570 mW/cm? | Degussa Huls, Postfach, Hanau, Germany
Light-emitting diodes Ultraled 110 mW/cm? | Dabi Atlante, Ribeirdo Preto, SP, Brazil

TABLE 2 - Mean values of composite resin dye concen-
tration (in micrograms per milliliter) cured by each
light-curing unit and t-test results (p > 0.05).

L1ght-0},1r1ng Mean Stapdgrd ttest®
unit deviation

Degulux 0.1798 0.053 A

Ultraled 0.2122 0.072 A

*Equal letters in column indicate mean values that are not
significantly different.

(DMC, model CL150, Sao Carlos, SP, Brazil), after
the preparation of every S specimens. The mean
intensity of the units was 110 mW /cm? for the LED
(ranging from 120 mW/cm? to 105 mW/cm?) and
570 mW /cm? for the halogen lamp (ranging from
595 mW/cm? to 560 mW /cm?).

Immediately after polymerization, each spec-
imen was individually immersed in 1 ml of 2%
methylene blue solution at 37°C + 2°C. After 24
hours, the specimens were rinsed under run-
ning deionized water for 1 minute and stored at
37°C £ 2°C at relative humidity for 24 hours.

To facilitate total dye solubility, the composite
resin specimens were removed from the moulds
and individually triturated before being immersed
in new test tubes containing 1 ml of absolute al-
cohol for 24 hours.

Standard solutions of methylene blue (Merck,
Jacarepagua, Brazil) in 1 ml of absolute alcohol
(Merck, Jacarepagua, Brazil) were prepared, con-
taining from O to 10 pg dye/ml and a triturated
composite resin specimen cured by halogen light,
prepared as previously described.

The solutions were filtered and centrifuged for
3 minutes at 4,000 rpm (Dommer CD 100, Dom-
mer Commercial and Industrial Ltd., SP, Brazil).
The supernatant was used to determine the ab-
sorbance in a spectrophotometer at 590 nm (Gene-
sys 5, Milton Ray Company, Rochester, NY, USA),
as a simple method to evaluate the curing effective-
ness of composite resins?”!7. As inadequate com-
posite resin polymerization is directly associated
with color instability, spectrophotometric analysis
is useful for this evaluation, due to easy dye and
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pigments diffusion through the resinous matrix?,
as described by Douglas, Zakariesen (1981)% and
modified by Serra et al.'® (1994). The effectiveness
of composite resin polymerization by light emitting
diodes or halogen-based light-curing units was
recorded as microgram of dye per milliliter, lower
values indicating better equipment.

RESULTS

For the statistical analysis, the average of the
values in micrograms of dye per milliliter of the
composite resin polymerized by each light-curing
unit was taken. F test was used to evaluate the
homogeneity of variance within each group. To
verify the differences between groups polymerized
by LED or halogen light t-test was applied. The
statistical analysis was performed using Microsoft
Excel (9.0) for Office 2000 Professional (Microsoft,
SP, Brazil). No significant differences were found
between composite resins light-cured by LED
or halogen light-curing units (p > 0.05). Table 2
shows the results of the statistical analysis for
composite resins photocured by LED or halogen-
based light-curing units.

DISCUSSION

Adequate polymerization depends on light
source intensity, light density, wavelength and
exposure duration. Unless these parameters are
adequate, materials will not polymerize completely
and will exhibit poor physical properties that may
lead to premature failure. One of the problems that
may affect aesthetics of restorations is presence of
stains on surface or in bulk of composite resins.

Several photopolymerization systems have
been introduced on the market. High intensity
curing light — such as plasma arc lamps or ar-
gon lasers — presents the advantages of a shorter
polymerization time and improved conversion, al-
though higher shrinkage may be expected?® due
to a higher bond formation. Stresses and strains
induced by shrinkage may be detrimental, increas-
ing interfacial gaps and inferior marginal integ-
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rity at the tooth-colored interface. However, re-
ports showed no differences in shrinkage®, degree
of double bond conversion?® and temperature at-
tained by the composite resin® after using laser
or halogen-based light-curing unit; reduction in
polymerization depth? was also observed.

Soft-start polymerization systems have dem-
onstrated no significant reduction in polymeriza-
tion shrinkage®?’, no differences in hardness® and
no better marginal adaptation of composite resin
restorations bonded to dentinal cavities!®.

Apart from these systems, commonly used
halogen light-curing units have some specific
drawbacks, such as decreasing the light output
with time, which may result in a low degree of
monomer conversion of composites over time!?1!3
and heat generated by emission of light. Unlike
conventional halogen light-curing units, LEDs use
semiconductors for blue light generation. A small
polymer lens partially collimates the light, with no
need for filters and the expected lifetime of several
thousand hours without significant degradation
of light flux over time®?° is obtained. Thus, LED
technologies seem to be promising for overcoming
the problems with photo-curing devices.

In this study, no significant differences were
found in dye penetration between composite resin
polymerized by LED or halogen light. As long as
there is sufficient energy at the appropriate wave-
length to reach the conversion of double bonds to
form the polymer, the source of photons seems
not to matter.

A variety of studies was conducted to compare
the properties of composite resins polymerized by
LED or halogen-based curing devices. Stahl et al.?
(2000) showed no differences in physical properties
of composite resins polymerized by halogen cur-
ing-light and LED. Asmussen, Peutzfeldt! (2003),
Mills et al.’* (2002), Jandt et al.®(2000), Uhl et al.?*
(2002) and Hofmann et al.’ (2002) also reported
similar comparative results when evaluating both
polymerization systems, even though these studies
used either LED devices with a relatively large num-
ber of LEDs and/or concentrating light guide tips.
Therefore, several nuances must be addressed in
these researches. In the study conducted by Mills
et al.’® (1999), the irradiance of the halogen light
was reduced to coincide with the power density
output of the LED unit. Under these conditions,
the LED unit did provide a greater polymerization
depth than the halogen lamp. Although experi-
mental devices should be developed to enable the
understanding of physical and mechanical proper-
ties of given materials photopolymerized by these

light-curing units and also to obtain more efficient
materials, comparisons should be made using the
light-curing units operating at their normal inten-
sities!?, as was done in this study. The same curing
time was also used to standardize the experimental
design of the study.

When comparing commercially available LED
and halogen-based light-curing units, Dunn, Bush*
(2002) found low mechanical properties for hybrid
and microfill composites cured by blue-emitting
diodes. Although LED performs as well as or even
better than halogen lights at the same irradiance!3,
commercially available LED units demonstrate
markedly lower irradiance values than halogen-
based units and may not adequately polymerize
resin-based composites, what can lead to restora-
tion failures and adverse pulp responses to non-
polymerized monomers*.

Irradiance is an important factor to be pointed
out because it represents the number of photons
delivered to the sample per unit of time, regard-
less the area illuminated®. Although the irradi-
ance values of the curing units used in this study
were different (about 110 mW/cm? for LED and
570 mW /cm? for the conventional unit), the results
show no significant differences in composite resin
staining after polymerization by each light-curing
unit. This data may be explained due to the LED
wavelength of 450 to 480 nm (information given
by the manufacturer) that is ideal for activating
materials with camphorquinone as photoinitiator,
although halogen light provides greater power den-
sity than LED lights!!16,

The analysis carried out in this study indi-
cates that a commercially available LED-based
curing-light unit is as effective for polymerizing a
hybrid composite resin as a halogen-based unit.
The many advantages of LED units compared with
those of halogen light make future development of
these devices promising.

CONCLUSION

Light-emitting diodes or halogen-based light-
curing units present the same efficiency in curing
a hybrid composite resin.
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