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Objective: The aim of this study was to assess the influence of adding a second wavelength peak (400 nm)
to a light-emitting diode (LED) unit on the degree of conversion (DC) of two commercial orthodontic
composites, as well as comparing the DC of those two composites.

Methods: Transbond XT and Opal Bond MV were the composites used for the tests, cured either with
second- or third-generation LED units adjusted to produce the same power density on a given time.
Analysis of DC was performed by using the Fourier-transformed infrared spectroscopy in four groups of 5
Keywords: specimens each divided according to the composites and LED curing units being used. The results, which
Composite resins were normally distributed, were analyzed using a two-way ANOVA test.

FTIR Results: The composites showed very similar degrees of conversion when light-cured with second-
Orthodontics generation (74.3%) and third-generation (73.2%) LED light-curing units. The Opal Bond MV composite
Dual-peak had a higher degree of conversion (81.9%) than the Transbond XT composite (65.7%). No interaction was
found (P = 0.56) between the composites and the LED curing units, regardless of their wavelength, on the
degree of conversion.

Conclusion: There was no influence of either a second- or third-generation LED curing unit on orthodontic
composites.

© 2016 World Federation of Orthodontists.

1. Introduction The second generation of LED units emerged some years later,

producing higher power compared with the first-generation units.

The light-emitting diode (LED) is currently the most used
light source for light-curing photosensitive materials due to its
efficiency and excellent cost-benefit [1]. The first generation of LEDs
emitted light at a short visible spectrum range (420 nm to 490 nm)
coincident with the maximum spectral absorption of
camphorquinone (468 nm), which is a photo-initiator traditionally
used in composites. Because of their low power, the first generation
of LED units produced less energy, on a given exposure time,
compared with halogen light, the light-curing unit most used until
recent times [2].
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Nonetheless, the short emission spectrum remained, and as a result,
only composites containing camphorquinone as a photo-initiator
could be effectively light-cured. This was a major drawback,
because alternative photo-initiators, such as trimethylbenzoyl-
diphenylphosphine oxide (TPO) and phenyl-propanodione, which
were developed to provide better aesthetic properties [3] and better
efficiency in the light-curing reaction [4], had a different light-
absorbing spectra. To allow restorative materials to be light-cured
with all photo-initiators available, high-power LED curing units
having two wavelength peaks (400 nm and 465 nm) gave rise to the
third generation of these devices [1].

Therefore, selecting the correct light source is important to
achieve the maximum degree of conversion (DC), or light-curing,
possible for a particular composite. Polymerization converts the
monomers present in the organic matrix of the composite into
polymers [5], and this process is normally quantified by the DC,
which is determined by the amount of carbon double bonds broken
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Table 1
Group distribution with the composites and light-emitting diode (LED) units used

Composites Light-emission Manufacturer
Transbond XT Opal bond MV peak, nm
LED unit Ortholux 5 5 463.87 3M/Unitek, Monrovia, CA
Valo Cordless 5 5 459.11 Ultradent Products Inc, South Jordan, UT
403.97
Batch number N182301 Co13

Manufacturer 3M/Unitek, Monrovia, CA

Opal Orthodontics, South Jordan, UT

during the polymerization process [6]. As the DC in a composite gets
higher, the physical-chemical properties are improved [7—13], such
as greater hardness [10—13], lower solubility and degradation over
time [7], smaller rate of residual monomer, which has been related
to adverse biological effects [8,9,11,12], and possibly increased shear
bond strength of orthodontic brackets [14]. Because it has been
established that the use of third-generation LED light-curing units
improves the DC of composites containing TPO, and that the
presence of TPO may not be indicated by the manufacturer [13], it
would be a good idea to use these devices whenever possible.
However, there is controversy in the literature about whether third-
generation LED curing units could compromise the light-curing
process of composites containing camphorquinone only as photo-
initiators [13,15]. Even though there are studies comparing the use
of second- and third-generation LED light-curing units in restorative
composites, the optimal energy density has not yet been deter-
mined for these devices in terms of effect of light-emission peaks,
and most importantly, there is only one report on orthodontic
composites being cured with these lights [16].

There are several photo-activated orthodontic composites
commercially available, all having different chemical compositions
in which the photo-initiator is not always revealed by the manu-
facturer. For this reason, the light-curing kinetics of a composite do
not necessarily apply to another. Therefore, the objective of this
study was to assess the influence of second- and third-generation
LED light-curing units, operating at the same energy level, on the
DC of two orthodontic composites.

2. Materials and methods

Twenty composite discs of 6-mm diameter and 1-mm thickness
were made and divided into two groups according to their manu-
facturer: group 1 disks were produced with Transbond XT (3M
Unitek, Monrovia, CA) and group 2 disks were produced with Opal
Bond MV (Ultradent Products Inc, South Jordan, UT) (Table 1).

A metallic mold was placed over a 10-mm-thick glass slide and the
composite was inserted to it in one increment, and both upper and
lower surfaces were covered with a polyester band. A 1-mm-thick
glass slide was placed over the polyester tape, on the disc’s upper
surface, before photo-activation, so that the incidence direction of the
light beam was perpendicular to the sample, allowing the distance
from the light source and the composite to be standardized.

Each group was divided into two subgroups containing five
composite discs each, which were light-cured with a different LED
light-curing unit. In one subgroup, a second-generation LED light-
curing unit (Ortholux; 3M Unitek) was used, whereas in the other
subgroup, a third-generation LED light-curing unit (Valo Cordless;
Ultradent Products Inc) was used (Table 2).

Times and power were standardized in such a way that both
devices could yield the same energy density to the composite discs,
differing only on the wavelength emitted. When the second-
generation LED was used, exposure time was 20 seconds at a
power density of 860 mW/cm?, with the light source tip in contact

with the glass slide. The same exposure time was used for the
third-generation LED unit, but the device’s light source tip was
kept 17 mm away from the glass slide through a supporting
apparatus especially made for this article, allowing both light
sources to yield the same power density.

After curing, the composite discs were individually stored in dark
containers until the moment they were prepared for analysis of the
DC using the Fourier-transformed infrared (FTIR) spectroscopy
technique.

Five light-cured composite tablets were made for each subgroup
using a respective composite disc. Each tablet had 8 mm of
diameter and was prepared with a specific apparatus (Perkin-
Elmer, Beaconsfield Bucks, England), being compressed under 10
tons for 60 seconds. Each tablet contained 5 mg of composite,
which was ground to powder from each of the cured discs, and
mixed with 100 mg potassium bromate. For DC analysis, these
tablets were compared with other five tablets made exactly the
same from the respective composite, but not light-cured.

The light-cured and non—light-cured tablets from each
subgroup were analyzed by a spectrophotometer (Spectrum 2000;
Perkin-Elmer) for spectral acquisition. All measurements were
performed with the device operating at absorbance mode, with an
interval between 4000 and 400 cm™!, 32 scans, and resolution of
4 cm™ . Spectral analysis was conducted by using the equipment’s
dedicated software (Spectrum v 5.3.1 for Windows; Perkin-Elmer).

The DC in percentage was calculated by analyzing the spectra
obtained through the decrease in the band intensity of vinyl
methacrylate group double bonds, whose energy absorption is in
the region of 1637 cm~! compared with the band intensity of
aromatic double bonds, which is in the region of 1610 cm~. The
latter was used as an inner sample pattern, as it does not change
after a polymerization reaction.

The SPSS software (v.16,0; SPSS, Chicago, IL) was used for
statistical analysis. Because the values were found to be normally
distributed, a two-way ANOVA (P = 0.05) was used to assess the
influence of composite and LED unit on the DC, as well as to find a
possible interaction between those two factors.

3. Results
There was no difference (P = 0.60) between the DCs when

second-generation and third-generation LED light-curing units
were used (Tables 3 and 4).

Table 2
Descriptive data of the factors analyzed by the two-way ANOVA
Composites Total
Group 1 Group 2
LED unit
2nd Generation 65.8 (8.0) 80.7 (3.8) 73.2 (9.8)
3rd Generation 65.6 (2.2) 83.0(1.2) 74.3 (9.3)
Total 65.7 (5.5) 81.9(2.9)

Means and SDs of the degree of conversion are shown for the wavelength (second
and third generations) and for the composites (group 1 and group 2).
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Table 3
Two-way ANOVA for degree of conversion
Factors Type Il sum df  Mean F P
of Squares Square
LED 6.25 1 6.252 0.293 0.60
Composite 1306 1 1306 61.28 <0.001*
Composite x LED unit 7.7 1 7.705 0.362 0.56

LED, light-emitting diode.
* Significant difference.

On the other hand, a difference was found (P < 0.001) between
the DCs of the composites tested (Table 3). Group 1 showed the
lowest DC (65.7%) compared with group 2 (81.9%) (Table 5).

No interaction was found (P = 0.56) between the composites and
the LED curing units, regardless of their wavelength, on the DC
(Table 3).

4. Discussion

Adding a light-emission peak at 400 nm but maintaining the
same energy level did not increase the DC of the composites
compared with a single peak ranging from 430 nm to 520 nm for
the experimental light-curing conditions. This addition was
expected to increase the DC of the composites if any of the
composites contained an alternative photo-initiator, such as TPO
[3,4,13] or phenyl-propanodione [4] in their composition. However,
because of the low power of the comparisons (8%), we could not
securely rule out the absence of such photo-initiators in one these
composites. In the literature, there are five studies comparing the
DCs of different composites light-cured with second- and third-
generation LED light-curing units [13,15—18]. Despite their
controversial results, none of these articles standardized the energy
density of the LEDs, isolating the effect of an additional light-
emission peak, as we have done in this article.

The standardized energy density used in this study was very
important because it is directly proportional to the DC [19,20]. If both
devices used showed different energy-density levels, this factor might
have influenced the comparison of the DC between the composites
tested, confounding the results. Moreover, different levels of energy
density might have also influenced the results in terms of comparison
between second- and third-generation LED light-curing units.

The DCs of the composites tested were different, as expected,
because they are related to the chemical composition of the composites
[21—27]. The infrared spectra analysis (Fig. 1) clearly demonstrates that
their compositions are distinct, because the spectrum of each one has
different absorption profiles. Monomer concentration, chemical
structure [24,25], and viscosity [23,26], as well the amount [22,27] and
type [13] of photo-initiators existing in the organic matrix will all have
a direct effect on the polymerization kinetics.

Given the same energy level, Opal Bond MV and Transbond XT
composites had DCs of 81.9% and 65.7%, respectively. Even though
the latter showed a lower conversion, it was still between 55% and
75%, which is the range of conversion usually considered adequate
under conventional irradiation (i.e., halogen light for 40 seconds)
[28,29]. Two important factors need to be mentioned when DC is
analyzed in orthodontic composites: first is that a positive

Table 4
Means and SDs for the values of DC for the LED light-curing units used (second and
third generations)

LED unit DC, % SD
2nd generation 73.2 8.01
3rd generation 74.3 2.23

DC, degree of conversion; LED, light-emitting diode.

Table 5

Means and SDs for the values of DC for the composites used
Composites DC, % SD
G1 65.7 3.82
G2 81.9 1.22

DC, degree of conversion; G, group.

correlation exists between DC and shear bond strength of bonded
brackets [14], and the other is that a low DC might favor the release
of bisphenol-A, a chemical that exhibits estrogenicity [30] and is
toxic [11,12]. Thus, it appears that an immediate high DC after
curing is a desirable characteristic of an orthodontic composite.

Of the two orthodontic composites analyzed, although Trans-
bond XT has been extensively evaluated by the literature on DC
[14,21,31-35], showing values ranging from 39% to 83%, the DC of
Opal Bond has been evaluated by only one report [16]. Because of
differences in the methodologies and light-curing protocols used by
all those articles, which were different from ours, as well, it is not
possible to compare the results directly. Three of these studies used
halogen light or plasma arc, which emit a different light spectrum
[31,34,35], or did not report the total energy applied to the
composites [14,21,31,35]. Three studies used second-generation
LED light-curing units [21,32,33], but one [33] used a light-curing
method and analysis of conversion different from ours, whereas
the other two [21,32] used different activation times, power levels,
and total energies. The only report that analyzed DC on Opal Bond
MV16 showed a lower result than we did (61%), but used a
completely different methodology than we did.

From the clinical point of view, the findings reported here are
important. First, one can conclude that choosing the composite is
more important than adding a light-emission peak, according to
our test conditions, and, second, by choosing the correct composite,
the orthodontist can achieve better physical-chemical properties
compared with other composites, given the same light-curing time
and same energy level.

5. Conclusion

With regard to the DC of the two orthodontic composites
evaluated, namely, Opal Bond MV and Transbond XT, both light-
cured with second- and third-generation LED light-curing units
operating at the same energy level, one can conclude the following:

Transbond XT
Opal Bond MV

Absorbance / a.u.

\]l
860 '

T T T T T T u T T T B
1800 1600 1400 1200 1000 600 400

Wavenumber / cm™
Fig. 1. Infrared spectrum of the different composites tested. The difference in chemical
compositions among the different trademarks and manufactures can be observed in

the fingerprint region (1500 cm~! and 400 cm™') of the infrared spectra of the non-
polymerized adhesives (a.u. = absorbance units).
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(1) type of LED light-curing unit had no influence on the DC of the
orthodontic composites, and (2) there was a difference in the DC of
the composites, with Opal Bond MV presenting values higher than
those of Transbond XT.
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