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Effect of Light Curing Mode and Type on Conversion of Resin Composites

C Kucukesmen!, A Usumez?, BC Uludag?, B Gunduz*, CH Kucukesmen®, O Acar®

ABSTRACT

Objective: To determine the efficacy of polymerization for two different curing units by examin-
ing the degree of conversion (DC) of seven different composite materials.

Methods: Conventional halogen light (40 seconds) and a light-emitting diode (LED) curing
unit (20 seconds) were used to polymerize seven different composite brands. A total number of
70 specimens were evaluated (n = 5). To determine the DC, Fourier transformation infrared
spectroscopy was used. For statistical analysis, two-way analysis of variance and Tukeys hon-
estly significant difference post hoc test were applied (o = 0.05).

Results: Degree of conversion varied with both the light unit and type of composite, with sig-
nificant interactions. Charisma (67.0 = 6.0) and Z-250 (65.2 + 3.3) showed the highest DC
when cured using the LED, whereas Grandio (38.2 £ 3.5) showed the lowest when exposed to
the conventional halogen light.

Conclusion: Degree of conversion was affected by the type of light curing units, and results
varied greatly with respect to composite brand and type (nanofilled, macrofilled, hybrid, micro-

hybrid and organically modified ceramics).
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INTRODUCTION
Advances in adhesive materials lead a great increase in
use of light-cured composite over their self-cured version
(1). Freedom to time for the initiation of polymerization
gives the opportunity to restore and shape with ease (2).
There are several classifications according to filler content
and particle size (3—5). Posterior-macrofilled composites
have higher content of larger filler sizes (2-20 um) (6).
Although they are known as technique sensitive result-
ing from the need for incremental layering (7), some
manufacturers propose bulk placement (8, 9). Microfilled
composites have smaller filler sizes (0.01-0.1 um) and
good wear strength; however, their flexural and tensile
bond strengths are lower than hybrid ones (10, 11).

For the synthesis of inorganic—organic copolymer
organically modified ceramics (ormocer) composites,
multifunctional urethane and thioether (meth) acrylate

alkoxysilanes have been developed as sol—gel precursors
(12). Ormocers that qualified with this new inorganic—
organic copolymer formulation allows modification of
mechanical parameters in a wide range depending on
composition. These composites can be manipulated like
the hybrid ones (12).

Hybrid-type composites contain different filler sizes
(0.04-0.1 pm) (11). The advantages of having effi-
cient and higher filler loading make hybrids—stronger,
stiffer, harder and more wear resistant than microfilled
products (13). Nonofiller composites have the smallest
particle dimensions (75 nm) and high-filler proportions
in volume. They have lower polymerization stress and
provide good polished surfaces (11, 14).

For optimum physical properties and a favourable
clinical performance, adequate polymerization is a
key factor. Inadequate polymerization affects strength,
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stiffness, water sorption and colour stability (15-18).
Additionally, it may also cause the release of toxic
substances. Ideally, the polymerization process should
provide conversion of all monomers to polymers. In
circumstances of conventional irradiations, degree of
conversion (DC) may range 55%—75% (18, 19). Ambient
conditions, including temperature, polymerization con-
ditions, photoinitator concentration, dimethacrylate
monomer’s chemical structure and light intensity affect
the final DC (18, 20).

A visible light emitted from a halogen light source
has been widely used. Their light intensity is usually
between 400 and 800 mW/cm? and polymerize com-
posite within 20—40 seconds at depths of up to 2 mm.
However, deep restorations require incremental layer-
ing, which results in longer placement time (18, 21). The
solid-state light-emitting diode (LED) that is the latest
advancement in polymerizing technology overcomes
the halogen visible light-polymerization units’ short-
comings (22). This LED device polymerizes compatible
materials faster than manufacturers’ recommended irra-
diation times. The second generation of these types of
light units has a power density of approximately 1000
mW/cm? (23-26). With a high-power light unit, more
photons are available for absorption by photosensitizers
(25, 27). The advantage of increased photon number is
that more camphorquinone molecules are raised to the
excited state to react with the amine and form free radi-
cals for polymerization (28). However, this high light
intensity produces higher contraction stresses, which
may contribute to poor mechanical properties (24, 25).
To solve this problem and improve marginal adaptation,
“soft-start polymerization” was recommended (17, 18,
29-31). The aim of the present study was to evaluate the
hypothesis that the DC of different composite materials
cured with LED at ramping mode during 20 seconds is
equivalent to a continuous 40 seconds exposure to a con-
ventional halogen light.

MATERIALS AND METHODS

The composite materials used are presented in Table 1.
Composite discs (A3) were prepared in a polytetrafluor-
oethylene mould (5 mm in diameter and 2 mm in height)
using mylar strips to attain flat surfaces. A 2-mm-thick
white silicone mould (Speedex; Colténe/Whaledent Inc,
Cuyahoga Falls, OH, USA) was used to support the
composite structure. To cure composite specimens, a
conventional halogen light unit (450 mW/cm? x 40 s) and
LED light with the ramp mode (The initial intensity was
150 mW/cm? for 10 seconds with incremental increases

to 1130 mW/cm?; the highest intensity was maintained
for 10 seconds) were used (Table 2). Total estimated
energy density was about 18 J/cm? in both polymeriza-
tion procedures. A digital radiometer (Optilux 501; Kerr,
Danbury, CT, USA) was used to calibrate the light output
of the conventional halogen light unit. For each combi-
nation of exposure mode and composite material, five
specimens were prepared. After polymerization, they
were stored in light-proof boxes for 24 hours to avoid
further light exposure. Five milligrams of KBr powder
was mixed with 55 pg of the ground powder (Carlo-Erba
Reagenti, Milan, Italy), and the infrared spectrum was
obtained in absorbance using a diffuse-reflection attach-
ment in a Fourier transform infrared spectrometer (FTIR)
(1600 Series; PerkinElmer, Wellesley, MA, USA) (17).
Spectra were also gained from unpolymerized adhesives,
while unpolymerized pastes were smeared onto thin KBr
discs. The amount of double vinyl bonds remaining in
the specimen exposed to irraddiation is shown by the
intensity of the peak at 1637 cm™' referring to the C=C
stretching of the vinyl group. The DC was calculated as
follows: (17,32) DC=([A,—AJ/A,) x 100 A,: absorption
of the peak at 1637 cm™ when time is equal to 0, where
A,: absorption at time. For statistical analysis, two-way
analysis of variance (factors: type of polymerizing units,

Table 1: Brands and types of composite materials and manufacturers
Brands Type of resin Manufacturers Batch number
Grandio p Nonohybrid Voco, Cuxhaven, #381395
Germany

Filtek Supreme  Nonofiller 3M ESPE, St. Paul, 1AN
MN, USA

Z-250 Hybrid 3M ESPE, St. Paul, 3MM
MN, USA

Solitaire 2 Packable, Heraeus Kulzer, #020226

macrofiller Dormagen, Germany

Clearfil Photo Posterior, Kuraray, Okayama, 00152A

Posterior macrofiller Japan

Charisma Microhybrid Heraeus Kulzer, Hanau, #010074
Germany

Admira Ormocer Voco, Cuxhaven, #22789

Germany

Table 2: Classification, power density, exposure duration and manufacturer
information for curing lights used

Light units Unit Exposure  Power Manufacturer
classification duration density
(seconds) (mW/cm?)
Hilux 550  Conventional 40 450 First Medica,
halogen Greensboro, NC,
USA
MiniLED LED 20 1100 Satelec, Merignac,
France
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type of composite materials) was applied. Tukey’s hon-
estly significant difference post hoc test was applied for
pairwise means comparisons (o = 0.05).

RESULTS

Tables 3 and 4 show conversion values. Significant vari-
ation was found within each of the major factors, and
also within the interaction term. The conversion values
varied with the light units (p < 0.05) and among com-
posite types (p < 0.05). Between the light unit types, the
rank order of conversion values was differed with respect
to composite type (p < 0.05). Charisma (67.0 £ 6.0)
and Z-250 (65.2 + 3.3) showed the highest conversion
values when cured with LED unit, whereas the Grandio
(38.2 £3.5) showed the lowest when cured with conven-
tional halogen light (p < 0.05).

Table 3: Degree of conversion values (%) of a wide variety of composite
types using two different curing units
Conventional halogen LED unit
Mean + SD Mean + SD
Grandio 382+3.5° 458 £2.7°
Filtek Supreme 52.7 £2.0bd 56.4 £5.1«
Z-250 49.2 £2.9% 65.2 £3.3¢
Solitaire 2 47.7+4.0° 52.1 4 5.0b
Clearfil Photo Posterior 47.0 £3.4° 46.9 +1.3°
Charisma 52.9 4 4.3b 67.0 +£6.0°
Admira 449 £4.8° 59.8 £3.7%
Groups with different letters are statistically different.
Table 4: Two-way analyses of variance
Unit df MS F p
Light unit 1308.7 85.6  0.000
Types of composites 6 378 24.7  0.000
Light unit X Types of composites 1009 6.6 0.000

DISCUSSION

The hypothesis that conversion of composites cured
with LED unit is equivalent to that of conventional halo-
gen unit exposure was rejected. The differences between
curing unit groups and the differences among composite
types are significant for DC values.

The polymerization of microhybrid composite
(Charisma) was greater than the others for both polym-
erizing units. Nanofilled (Filtek Supreme; 3M ESPE, St.
Paul, MN, USA) and hybrid (Z-250; 3M ESPE, St. Paul,
MN, USA) composites also showed high conversion
values with both polymerizing units, and Ormocer-type
(Admira; Voco, Cuxhaven, Germany) composite mate-
rial achieved a high conversion level with the LED unit.

Two ‘macrofilled’ products (Solitaire 2; Heraeus
Kulzer, Dormagen, Germany, Clearfil Photo Posterior;
Kuraray, Okayama, Japan) demonstrated lower mean
polymerization values than the others. Interestingly,
another nanohybrid composite (Grandio) showed the
lowest DC values with both polymerizing units. This
may be due to the contents or manufacturing properties
of this resin.

Other factors affecting the polymerization of light-
activated composites may have overshadowed the
composite resin’s light transmission coefficient, shade
and thickness of the material, light intensity and
exposure time (1, 5). Light shades have more light
transmission and easy polymerization (1, 5). In the cur-
rent study, the light shades of specimens were similar in
all composite groups.

The polymerization process induces strain in resto-
rations, but high conversion values result in elevated
levels of hardness and strength (30). Therefore, to obtain
a desirable polymerization, a reduction in remaining
double bonds to the lowest possible level is essential.
Energy density applied during the exposure influences
the conversion of composite material (18, 33). Recent
studies showed that composite can be irradiated at
a significantly higher light intensity for about 20 sec-
onds (26). Generally, the light intensity recommended
is about 250 mW/cm?. Recent recommendations suggest
that the light intensity should range approximately from
650 to 1000 mW/cm? (30). Some of the current light
units provide two distinct modes of radiation: producing
a lower level of light followed by a gradual increase (or
ramping) to a higher level of intensity, and this polym-
erization technique was termed soft-start polymerization
(31). Studies reported that soft-start polymerization
techniques significantly reduce polymerization strains
and improve material properties as well (25, 29).

Soft-start polymerization (150-1100 mW/cm?) for
20 seconds by using LED unit and conventional polym-
erization (450 mW/cm?) by using a continuous light
application for 40 seconds were compared in the pre-
sent study. The total estimated energy density was about
18 J/em? in both polymerization procedures; however,
the conversion efficiency of LED curing light was better
in almost all composite brands. This may be due to the
narrow emission spectrum of LED.

In the present study, FTIR was used to determine
DC; however, there are some limitations. This method
only provides a general, average bulk value of the extent
of conversion because the entire 2-mm-thick specimen
was ground to provide the infrared specimen. Thus,
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differences in conversion values at the top, irradiated sur-
face and at 2-mm depth are not determined, but instead
were averaged with those of all materials between them.

CONCLUSION
Within the limitations of this study, the following con-
clusions were drawn:

1.

The DC values varied according to the type of resin
(nanofilled, macrofilled, hybrid, microhybrid, and
ormocer), brand and light polymerizing unit. The
highest DC values were achieved with soft-start
polymerization by LED unit in microhybrid type
(67.0 £ 6.0%) and hybrid (65.2 + 3.3%) composite
materials.

The rank order for conversion using the halo-
gen light was: Charisma, Filtek, Z250, Solitare,
Clearfil, Admire, and Grandio. For the LED unit,
it was Charisma, Z250, Admira, Filtek, Solitare,
Clearfil, and Grandio. The only two materials
that have no similar rankings were Charisma and
Grandio for all others, even though the LED light
may have provided equivalent or better conver-
sion; the rank orders were different. This finding
supports the concept that the choice of composite
itself is just as important as selecting a curing light.
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