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Clinical Relevance

Photo-polymerization using second generation LED and halogen light in the soft-start
mode of curing was able to produce an adequate degree of conversion in resin composites.
The lower degree of conversion produced by low power LED in the soft-start mode could
lead to restoration failure, degradation of the organic matrix and recurrent caries.

SUMMARY

Fourier-Transform (FT)—Raman spectroscopy
was used to evaluate in vitro the degree of conver-
sion (DC) of Charisma dental composite cured by
three different light curing units (LCUs) using
soft-start and normal protocols. Eighty circular
blocks of resin (7 mm in diameter x 2.5 mm thick)
were prepared and cured using the following

sources: halogen light (Degulux soft-start, n=20,
G1-G2), low power light emitting diode (LED) with
transparent polymer tip (LD13, n=20, G3-G4) and
fiber optic tip (LD13, n=20, G5-G6) and, finally,
high power LED (Radii, n=20, G7-G8). The top and
bottom surfaces of the blocks were analyzed by
FT-Raman spectroscopy. The respective DCs were
estimated calculating the peak height ratio of the
aliphatic C=C (1640 cm-1) and aromatic C=C (1610
cm-1) Raman modes. The DC at the surfaces ranged
between 50% and 60% for the top and 46% and 58%
for the bottom. The halogen light and high power
LED LCUs with the soft-start and normal proto-
cols produced the highest DC values of dental
composite at both surfaces (p<0.001). Curing by
low power LED in the soft-start protocol did not
produce adequate DC at the depth of 2.5 mm. The
type of LCU light guide tip did not present a sig-
nificant statistical difference in the final DC of the
dental composite (p>0.05).

INTRODUCTION

Currently, the halogen lamp is the most common light
source used for composite photopolymerization in light
curing units (LCUs). However, heat generation is the
major disadvantage of using the halogen lamp as a light

Luís Eduardo Silva Soares, DDS, MS, PhD, assistant professor,
Discipline of Restorative and Operative Dentistry, School of
Dentistry, UNIVAP and Laboratory of Biomedical Vibrational
Spectroscopy, Research and Development Institute, IP&D,
University of Vale do Paraíba, São José dos Campos, SP,
Brazil

Priscila Christiane Suzy Liporoni, DDS, MS, PhD, professor,
Discipline of Restorative and Operative Dentistry, School of
Dentistry, University of Vale do Paraíba, São José dos
Campos, SP, Brazil and Unitav, Tavbate, SP, Brazil

*Airton Abrahão Martin, Phys, PhD, professor, Laboratory of
Biomedical Vibrational Spectroscopy, Research and
Development Institute, IP&D, University of Vale do Paraíba,
Univap, São José dos Campos, SP, Brazil

*Reprint request: UNIVAP, IPD, LEVB, Av Shishima Hifumi, 2911,
Urbanova, 12.244-000, São José dos Campos, SP, Brazil; e-mail:
amartin@univap.br@univap.br

DOI: 10.2341/06-45

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-02 via free access



161

source.1-4 Moreover, the bulb, reflector and filter can
degrade over time due to high operating temperatures
caused by a large quantity of heat, which is produced
during cycles. This effect leads to a reduction in curing
effectiveness of the light source over time, inadequate
physical properties and an increased risk of premature
failure of the restorations.2,5-9

To overcome inherent problems of the halogen LCU,
solid-state light emitting diodes (LEDs) have been pur-
posed for curing light activated dental materials.2,6-7,10-11

Over the last few years, the LED polymerization of oral
biomaterials has become a field of intensive scientific
research and has assisted in commercial product devel-
opment.

A number of studies have addressed the application of
blue LED technology to cure dental materials.1,6 LEDs
have an expected lifetime of more than 10,000 hours
without significant degradation of light intensity over
time.9 Also, they do not require filters to produce blue
light and have low power consumption.2,10

Studies have shown that LEDs are potential light
sources for replacing conventional halogen lamps in
LCUs.12 LED LCUs with relatively low irradiances are
cheap and easily available on the market. However,
their use in photopolymerization may result in insuffi-
ciently cured composites and, consequently, the inferior
mechanical properties of restorations.12 Another prob-
lem that should be pointed out is that light guide tips,
which are available for LED LCUs, have a variety of
diameters and materials, for example, polymer or fiber
optic. The polymer tip scatters the guided light, thus
reducing the light intensity at the end of the tip.

On the other hand, high intensity lights may provide
higher values of the degree of conversion (DC) and bet-
ter physical properties, but they also produce higher
contraction strain rates during the polymerization
process of the composite. This effect increases internal
stress and microleakage. An equivalent DC may be
achieved by applying lower intensity light for a longer
time, or by using variable light intensities over a given
time, since the polymerization process depends on total
energy rather than on light intensity.13 Recently, the so
called “soft-start” light activation in LCUs has been
shown to be an alternative polymerization method. The
soft-start protocol has the option of operating with an
initial period of low intensity illumination followed by
high intensity illumination, which should control stress
growth during composite cure.3,14

To determine the DC of C=C bonds of the methacry-
late group in resin composites, mechanical (dilatomet-
ric), calorimetric and spectroscopy techniques can be
used.15 In principle, the latter method provides more
reliable results. Spectroscopy methods provide direct
measurements of the DC value, because specific vibra-
tional bands can be used as internal standards.16

Some molecular vibrational techniques, such as
Infrared spectroscopy and Raman spectroscopy, have
been used to evaluate the DC produced on dental com-
posites.14,17-18 Fourier-transform Infrared spectroscopy
(FT-IR) has been used to evaluate the DC of dental com-
posites cured by LED and halogen lamp LCUs, detect-
ing the C=C stretching vibrations before and after cur-
ing the materials.2-3,14,19 However, to measure the DC of
bulk composite by FT-IR, polymerized samples need to
be powdered in a matrix.20

Raman spectroscopy has also been used to study the
DC of resin composites photo-activated by traditional
halogen lamp sources and by argon laser beam.
Although this technique is known as non-destructive, it
has a high fluorescence signal.18,21

While different from the FT-IR technique, no specific
sample preparation is required in the Fourier-trans-
form (FT) Raman analysis and, therefore, the measure-
ments are fairly simple and are obtained faster. The
FT-Raman technique has been used to evaluate the DC
of dental composites produced by LED curing units.17

Based on the authors’ knowledge, the influence of
dental composites produced by the soft-start mode of
curing on DC and high power LED LCU has not yet
been reported. There are also no reports in the litera-
ture regarding the influence of light guide tip material
on the DC of dental composites. Thus, this study evalu-
ated the DC in a given composite material by FT-
Raman spectroscopy when cured by three different
light sources using soft-start and normal protocols: a
conventional halogen lamp with optical fiber light
guide tip, a high power LED unit and a low power LED
with two different light guide tips (polymer and optical
fiber).

METHODS AND MATERIALS

A halogen lamp and two LED LCUs in the normal and
soft-start mode of operation were used to prepare 80
samples of dental composite. The experimental groups
are shown in Table 1.

The dental composite samples were prepared from
the universal microhybrid dental composite Charisma
(Heraeus Kulzer, Hanau, Germany) shade A3. Each
specimen was prepared as follows: 200 mg of uncured
composite was placed in a white circular Teflon mold (7
mm in diameter x 2.5 mm thick), compressed, fit to the
mold using a condenser and flattened. A mylar strip
(Dentart, Polidental, São Paulo, Brazil; dimensions =
10 x 120 x 0.05 mm) was placed over the top of the mold
and pressed flat to extrude the excess resin composite.17

According to Table 1, the samples were then cured by
using one of the following LCUs: (a) the halogen light
(Degulux soft-start, Degussa–Hüls AG, Hanau,
Germany), (b) the LED 1 unit (LD13, GGDent,
Campinas, Brazil) with polymer light guide tip, (c) the
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LED 1 unit (LD13) with a fiber optic light guide tip and
(d) LED 2 LCU (Radii, SDI Limited, Victoria,
Australia). The light intensity of each LCU was meas-
ured by means of a radiometer (Field Master GS,
Coherent Inc, Auburn, CA, USA). The power density
and total energy for each method of light activation
were calculated. The technical specifications and meas-
uring results are shown in Table 2.

The curing time recommended by the manufacturer
for Charisma dental resin is 20 seconds. The normal
mode of each light-curing unit was used as its control
(Table 1). The halogen light was used for 20 seconds to
cure the G1 and G2 specimens in soft-start and normal
protocols, respectively. The soft-start mode was
employed for 20 seconds of the 20-second irradiation
period. The LD13 unit was used to cure G3, G4, G5 and
G6 specimens. The soft-start protocol was employed for
10 seconds of the 20-second irradiation period for the
LD13 unit in G3 and G5 specimens. The normal proto-
col was employed for 20 seconds of the LD13 unit in the
G4 and G6 specimens. The soft-start mode was
employed for five seconds of the 25 second-irradiation
period for the Radii unit in G7 specimens. The Radii
unit cured the G8 specimens group for 25 seconds in
normal mode.

Towards the end of specimen preparation, the dental
composite specimens were stored in the dark for 24
hours.10

The top and bottom surfaces were analyzed by FT-
Raman spectroscopy in order to evaluate the DC. The
spectra of the uncured and cured resins were obtained
by an FT-Raman Spectrometer (RFS 100/S, Bruker Inc,
Karlsruhe, Germany) using 100 scans. The spectrum
resolution was set to 4 cm-1. The samples were excited
by the defocused line of an Nd:YAG laser source at
λ=1064.1 nm with maximum laser power of approxi-
mately 90 mW at the sample.

The uncured resin was positioned on an aluminum
rod in a sample holder mounted on an optical rail for
spectrum collection. For the 80 cured specimens, three
spectra of the top surface and another three spectra of
the bottom surface were collected, resulting in a total of
480 spectra. Based on the measurements, one average
spectra for each surface was obtained, ensuing in 160
spectra.

The average FT-Raman spectra were analyzed by
selecting a range between 1590 and 1660 cm-1. The
Raman peaks corresponding to the vibrational stretch-
ing modes at 1610 and 1640 cm-1 were fitted in
Gaussian shapes to obtain the height of the peaks by
Microcal Origin software (Microcal Software Inc,
Northampton, MA, USA).

A comparison of the height ratio of the aliphatic car-
bon-carbon double bond (C=C) at 1640 cm-1 with that of
the aromatic component at 1610 cm-1 for the cured and
uncured conditions was performed in order to estimate

the DC using the equation (1). The aromatic
C=C peak at 1610 cm-1 originated from the
aromatic bonds of the benzene rings in the
monomer molecules, and its intensity
remains unchanged during the polymeriza-
tion reaction. The percentage of DC is then
calculated by:

DC (%) = 100*[1 – R] (1)

where R = the percentage of uncured resin
that is determined by band height at 1640cm-1/
band height at 1610cm-1.14,22-23

The mean value and standard deviation of
the DC were calculated for each
series. The DC obtained in the spe-
cific soft-start protocol was compared
to the data generated by using the
respective LCU without the soft-
start protocol (in the normal mode).

The FT-Raman results were statis-
tically analyzed by one-way ANOVA
at a 95% confidence level. The
Kolmorogov and Smirnov tests veri-
fied the normal distribution of the
sample data. The standard devia-
tions were tested by Bartlet statis-
tics. The Tukey-Kramer multi com-

Group Light Curing Unit Light Curing Mode

G1 Halogen lamp (Degulux soft-start) Soft-start

G2 Halogen lamp (Degulux soft-start) Normal

G3 LED 1 (LD13–polymer tip) Soft-start

G4 LED 1 (LD13–polymer tip) Normal

G5 LED 1 (LD13–optical fiber tip) Soft-start

G6 LED 1 (LD13–optical fiber tip) Normal

G7 LED 2 (Radii) Soft-start

G8 LED 2 (Radii) Normal

Table 1: Division of Experimental Groups

Parameters G1 and G2 G3 and G4 G5 and G6 G7 and G8

Power density 420/745 45/140 40/130 600/800
(mW/cm2)

Wavelength (nm) 400-500 470 470 460

Tip diameter (mm) 8 8 8 8

Total time of curing 20 20 20 25
(seconds)

Time of light in 20 10 10 5
reduced irradiance
(seconds)

Total energy density 8.36/14.73 0.87/2.78 0.795/2.56 14.93/19.90
(J/cm2)

Table 2: Technical Specifications of the Light Curing Units Used to Prepare the 
Dental Composite Specimens
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parisons post-hoc test was also performed to test the
significance of DC between the experimental groups.
All statistical analyses were performed by Instat soft-
ware (GraphPad Software, San Diego, CA, USA).

RESULTS

Figure 1 shows the FT-Raman spectrum of uncured
resin. The main vibrational modes have been previ-
ously identified and are assigned to the C=C stretching
mode of the aromatic group at 1583 and 1610 cm-1, the
Methacrylate C=C stretching mode at 1640 cm-1 and
the C=O stretching mode at 1718 cm-1.17

The calculated DC (by the Equation 1) on the dental
composite Charisma ranged from 46 ± 2.0 to 60 ± 1.1%
for the bottom and top surfaces, respectively. The DC
values calculated for the groups are shown in the Table
3. The highest DC values for top and bottom surfaces
were found in the G7 and G8 specimens.

The capital letters featured in columns two and three
of Table 3 show the statistical comparisons of the DC
produced between the top and bottom surfaces of each
group. Very low DC values were obtained for the bot-
tom surface of the G3 and G5 specimens (p<0.001).
Significantly higher DC values were obtained for the
top surface of the G2 specimens (p<0.05). For the G1,
G4, G6, G7 and G8 specimens, no statistically signifi-
cant differences were observed between the top and
bottom surfaces (p>0.05).

Statistical comparisons among the LCU groups for
normal and soft-start protocols on the top and bottom
surfaces are shown in small letters in Table 3. No sig-
nificant statistical differences were observed for the
top surface between the G1-G2 and G7-G8 specimens

(p>0.05). However, in the G4 and G6 specimens, the
DC was statistically higher than in the G3 and G5
specimens (p<0.05).

At the bottom surface, the same statistical differ-
ences were observed between the G1-G2 and the G7-
G8 specimens. In the G4 and G6 specimens, the DCs

were lower than in the G3-G5 specimens with statisti-
cal difference (p<0.001). At the top and bottom sur-
faces, non-significant statistical differences were
observed between the G3-G5 specimens and the G4-G6
specimens (p>0.05)

DISCUSSION

A higher DC, which is primarily related to curing light
intensity and exposure time, conflicts with the objective
of achieving optimal marginal integrity, because of
increased contraction.3 To minimize shrinkage stress,
“soft cure” or “soft-start” LCUs were developed. These
LCUs have the option of operating with an initial peri-
od of low intensity illumination, which should reduce
stress development during composite curing.3,14

However, soft-start polymerization systems have
demonstrated no significant reduction in polymeriza-
tion shrinkage, no differences in hardness and no bet-
ter marginal adaptation of resin composite restorations
bonded to dentinal cavities.24

In this study, FT-Raman spectroscopy was used to
evaluate a possible interference in the DC of resin com-
posites produced by the type of LCUs, by light irradi-
ance, by soft-start mode and by LCU light guide tip.

In a previous study, Pianelli and others reported that
the DC (gel point) of Z100 dental composite measured
by Raman spectroscopy was close to 50% when cured
for 40 seconds by a halogen lamp.22 In this study, the
DC of Charisma dental resin cured by halogen lamp in
soft-start and normal modes was 56% and 58%, respec-
tively, at the top surface. This result can be explained,
because DC would vary to a given composite due to its
unique combination of filler, resin characteristics and

Figure 1. FT-Raman spectra of uncured Charisma dental composite
showing the C=C aromatic, C=C and C=O vibrational bands at 1583,
1610, 1640 and 1718 cm-1.

Groups DC% (top) SD DC% (bottom) SD

G1 56 ± 1.8a A 55 ± 3.2a A

G2 58 ± 1.3a A 55 ± 0.9a B

G3 50 ± 1.6b A 46 ± 2.0b B

G4 53 ± 1.1c A 51 ± 2.3c A

G5 52 ± 1.6bd A 47 ± 2.1bd B

G6 54 ± 2.6 ce A 52 ± 2.9ce A

G7 60 ± 1.1f A 58 ± 1.3f A

G8 59 ± 1.5 A 57 ± 0.9f A

Means followed by the same small letter in the column and capital letter in the row indicate
no statistical differences at p=0.05.

Table 3: Mean and Standard Deviation (SD) of the Degree 
of Conversion (%) Measured at the Top (t) and 
Bottom (b) Surfaces from Dental Composite of the 
Experimental Groups (n=10)
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formulation.25 This difference in DC is also probably due
to differences in light permeability to filler, monomer
composition and type, concentration of the initiator,
inhibitor and accelerator in composite materials. The
ratio of filler relative to resin is also important, since
penetration of light into the composite is more difficult
as the proportion of filler is higher.2

Several studies reported that the DC of resin compos-
ite produced by the halogen lamp was higher than that
produced by LED LCUs due to higher light intensi-
ties.3,8 Similar results on DC produced by a halogen
LCU with a light intensity of 600 mW/cm2 and an LED
with a light intensity of 12 mW/cm2 was found by
Knezevic and others.19 Other studies reported that LED
LCU cured better than did the halogen light.1,6

However, those studies did not investigate DC in the
soft-start mode produced by high powered LED LCUs.

In this study, DC produced by conventional halogen
light and by high power LED (Radii) between the soft-
start and normal protocols of each light source did not
show a significant statistical difference for both sur-
faces (p>0.05). However, polymerization produced by
low power LED (LD13) in the soft-start mode with poly-
mer and optical fiber light guide tips produced the low-
est DC at the bottom surface with a significant statisti-
cal difference (p<0.001) from the normal protocol.

In this case, the calculated DC of 46% and 47% for G3
and G5 specimens showed that lower irradiance of LED
1 in the soft-start mode produced inadequate polymer-
ization at the composite bottom surface.

Comparisons of DC between normal and soft-start
protocols of each LCU at the same surface showed sig-
nificant statistical differences when the low power LED
was used (p<0.05–top; p<0.001–bottom). However, it
was verified that, low irradiance in the first 10 seconds
(40-45 mW/cm2) of the soft-start mode, added to low
power of the LED 1 (130-140 mW/cm2), affects the effi-
ciency of the LCU in composite polymerization.

The influence of light guide tip material on DC was
not statistically significant (p>0.05) between the poly-
mer (G3-G5) and fiber optic tip (G4-G6) specimens
cured in soft-start and normal protocols, respectively.
However, the normal protocol produced higher DC val-
ues on resin composite.

To date, the minimum DC for a clinically satisfactory
restoration has not been precisely established.
Nevertheless, a negative correlation of in vivo abrasive
wear depth with DC has been found for values in the
range of 55%-65%. This suggests that, at least for
occlusal restorative layers, DC values below 55% may
be contraindicated.14

In this study, composite polymerization by low power
LED in the soft-start protocol produced a DC below 53%
at the top surface (50%–G3; 52%–G5) and below 48% at

the bottom surface (46%–G3; 47%–G5), with possible
influence on composite physical properties. However, in
a normal protocol, a DC below 55% at the top surface
(53%–G4; 54%–G6) and a DC below 53% at the bottom
surface (51%–G4; 52%–G6) was found.

A lower degree of conversion could affect the longevi-
ty of the composite restoration, because an incomplete
conversion may result in unreacted monomers, which
might dissolve in a wet environment. In addition, reac-
tive sites (double bonds) are susceptible to hydrolization
or oxidation and, thereby, lead to a degradation of the
material.26

Therefore, this fact could directly effect biocompatibil-
ity of the composite restoration,21 since increasing the
DC number of methacrylate pendant groups available
for hydrolytic degradation decreases.26 Hydrolytic
degradation and oxidation of composites may lead to
the leaching of different degradation products from
resin composite. Formaldehyde has been identified as
one of the degradation products. Methacrylic acid has
also been identified as an eluted species that can cause
irritation of the mucosa membrane and is cytotoxic.26

From the FT-Raman spectra, a direct influence of the
power density of LCUs on the DC of composite has been
verified. The soft-start mode of polymerization of low
power LED proved to be unnecessary, because lower
irradiance produced at the first 10 seconds of polymer-
ization reduced the total irradiance available to poly-
merization. The soft-start protocol did not influence the
DC in high power LED and halogen light cured speci-
mens.

High power LED and halogen light LCUs in both
modes of polymerization produced a higher composite
DC. The high power LED LCU is an alternative to the
halogen light LCU, because the LED is more compact,
wireless and has a working lifetime of more than 10,000
hours, which is a significantly lower thermal emission,
and LEDs have wavelength peaks of around 470 nm,
which match the absorption peak of the most common-
ly used photo initiator camphoroquinone.4-5

FT-Raman spectroscopy was shown to be an adequate
tool to measure the DC of dental composites. The meas-
urements are fairly simple, since no specific sample
preparation or conditions are required. Raman meas-
urements can be carried out in normal atmospheric con-
ditions without the need for a high vacuum. Finally,
since this technique is non-destructive, samples can be
used in multiple analyses.

CONCLUSIONS

The authors have shown that halogen light and high
power LED LCUs in soft-start and normal mode of poly-
merization produced higher DC values of dental com-
posites than other LCUs. Polymerization by low power
LED LCU in the soft-start protocol did not produce an
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adequate DC at the depth of 2.5 mm in dental compos-
ite. The type of light guide tip material did not present
a significant statistical difference on the final DC of
dental composite.
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