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A P P L I E D R E S E A R C H

The photoinitiators used in most light-cured dental
resins are activated by visible light of wavelengths
between 400 and 515 nm.1 Dentists can choose

from a variety of light-curing units (LCUs) for photopoly-
merization of light-activated dental resins, such as conven-
tional quartz–tungsten–halogen (QTH), light-emitting
diode (LED), plasma arc or laser. The most common LCU
is the QTH light.2 Its bulb produces a broad spectrum of
wavelengths, and an internal filter removes most of those
that are not useful.1,3 However, several surveys have shown
that most QTH curing lights used in dental offices deliver
inadequate light intensity.4,5 This problem has been attrib-
uted to several factors, including fluctuations in line volt-

age, deterioration of the QTH light bulb, deterioration of
the reflector or filter, contamination of the light guide,
effects of disinfection procedures on the transmission of
light through the light guide and malfunction of the 
photoconductive fibres in the light guide.6–8 LCUs that use
blue LEDs produce a narrow band of wavelengths, specifi-
cally chosen to excite the photoinitiators commonly used
in dental resins.3,9 LEDs last for thousands of hours,
whereas a conventional QTH light bulb lasts for only 30 to
50 hours; in addition, LEDs convert electricity into light
more efficiently, and they produce less heat.1,3,8–11 These
features may overcome some of the reported drawbacks 
of QTH curing lights,4,5,7,12 and the potential of LED
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technology in this area is considered promising.3,8,11,13–15

Nonetheless, the first generation of LED curing lights,
which often contained multiple LEDs, had a relatively low
power output, and they did not perform as well as conven-
tional QTH lights,9,16,17 especially when used to polymerize
resins containing certain co-initiators in addition to
camphorquinone.18,19 Second-generation LED lights are
now readily available. Figure 1 shows the spectral output
from the Freelight (3M ESPE, St. Paul, Minnesota) first-
generation LED curing light, which uses 19 first-generation
LEDs. In contrast, a second-generation LED curing light
(UltraLume 2, Ultradent Products Inc., South Jordan,
Utah) uses only 2 high-power second-generation LEDs.
The second-generation light delivers a different spectral
distribution with a greater power output (the area under the
spectral curve) than the first-generation light and may
therefore offer better performance and shorter curing times.

If a light-activated resin restoration does not receive
sufficient total energy at the correct wavelengths from the
LCU, the effects of wear may be increased,20,21 there may be
greater breakdown at the margins of the restoration,20

decreased bond strength between the tooth and the restora-
tion,22 greater cytotoxicity,23–26 reduced hardness27–29 and
lower dynamic elastic modulus.30 Consequently, the dentist
must use an LCU that delivers sufficient total energy at the
correct wavelengths.31–34

The amount of light energy received at the top and the
bottom of a resin composite restoration is affected by many
variables, such as power density from the curing light, 
duration of exposure, design of the light guide, distance
from the tip of the light guide to the restoration, and the
composition, thickness, shade and opacity of the compos-
ite.27,30,33,35–40 Consequently, the measured hardness at the
top surface of a restoration is a poor indicator of the hard-
ness at the bottom of the restoration.4,34,41 However, the
hardness values at the top and the bottom of a clinically
representative thickness of resin composite can be used to
compare the efficacy of different lights in curing a known
thickness of resin composite.

Ideally, new types of dental curing lights should perform
as well as, or better than, a conventional QTH light. It has
been reported that a QTH light should deliver a minimum
power density of 300 to 400 mW/cm2 to adequately cure a
1.5- to 2-mm thickness of resin composite in the manufac-
turer’s recommended curing time,34,42,43 but this recom-
mendation does not take into account the effects of the
different spectral characteristics of QTH, LED, plasma arc
and laser curing lights. Although the International
Organization for Standardization depth-of-cure test #4049
could be used to compare the efficacy of different lights,44

Knoop hardness (KHN) is reportedly better at discriminat-
ing between the efficacy of different light sources.19 A good
correlation has also been reported between KHN and the

degree of conversion of the monomer within the resin.45,46

As a guideline to determine if the bottom of a resin
composite is adequately cured, it has been suggested that
there should be no more than a 20% difference between the
maximum hardness at the top of the composite and that at
the bottom.9,16,17,42,47–50 In addition, a bottom-to-top KHN
ratio of 80% has been reported to correspond to a bottom-
to-top degree-of-conversion ratio of 90%.49 Therefore, the
efficacy of curing lights might also be compared on the basis
of bottom-to-top hardness ratios. Clinically equivalent
lights would have no more than a 20% difference 
between the maximum hardness values achieved for each
resin composite.

This study was undertaken to compare a second-
generation LED curing light with a conventional QTH
light (both in general clinical use), to determine which light
was better at photopolymerizing a selection of 10 different
resin composites. To determine whether the second-
generation LED light could photopolymerize resin compos-
ites in less time than a conventional QTH light, the perfor-
mance of the LED light was tested on the basis of 20 and
40 seconds of irradiation. The KHN at the top and the
bottom of 1.6-mm thick composite specimens was used to
compare the ability of the lights to cure resin composites at
clinically relevant distances to a depth of 1.6 mm. The
hypothesis was that, 24 hours after irradiation, the combined
hardness at the top and bottom of resin composites irradiated
by the LED light for 20 or 40 seconds at 2 and 9 mm
distance would be greater than 80% of the hardness
produced by a conventional QTH light used for 40 seconds.

Materials and Methods
The ability of a second-generation LED curing light

(UltraLume 2, Ultradent Products Inc., South Jordan,
Utah) to cure a selection of 10 multipurpose, flowable and
posterior resin composites (Table 1) was compared with
that of a conventional QTH light with an 11-mm diameter
standard light guide (Optilux 401, Kerr Corp., Orange,
California). The UltraLume 2 does not have a fibre optic
light guide but instead has 2 LEDs covered by a disposable
clear plastic lens at the end of the curing light (Fig. 2).
Three UltraLume 2 units and three Optilux 401 units were
used to provide a representative sample of each type of light.
Each composite was placed into a 7-mm diameter hole in a
steel washer, which was 1.6-mm thick. The washers were
placed on a Mylar strip on a block of human dentin to
simulate the floor of a preparation in a tooth (Fig. 3). To
prevent the formation of an air-inhibited layer on the
surface of the composite, another Mylar strip was placed on
top of the composite. The specimens were irradiated (for
20 or 40 seconds with the LED units, and for 40 seconds
with the QTH units) at distances of 2 and 9 mm from the
light guide. The 2-mm distance was estimated as the shortest
distance from the cusp tip to the composite at the bottom
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of a Class I restoration. It has previously been reported that
the distance from the cusp tip to the gingival floor of a
proximal box of a molar tooth can exceed 7 mm.36,51

Therefore, the 9-mm distance represented a clinical situa-
tion with a 7-mm-deep proximal box and the tip of the
light guide 2 mm away from the tooth. The curing light
guide was positioned directly above the composite speci-
men, with the tip of the light guide parallel to the sample.
The resin composites were irradiated in a random sequence
of curing lights and distances. Each LCU was used to cure
one specimen of each composite for each test condition:
3 light–time combinations × 3 units of each light type
× 2 distances × 10 composites for a total of 180 specimens. 

Power density was measured after every 10 samples with
a Cure Rite radiometer (Dentsply Caulk, Milford,
Delaware). Spectral output and characteristics were
recorded 5 times for each LCU with an Ocean Optics 
spectroradiometer (model USB 2000, Ocean Optics,

Dunedin, Florida) attached to an integrating sphere
(FOIS-1, Ocean Optics) and analyzed with OOIIrrad soft-
ware (Ocean Optics). The spectrometer was calibrated
according to a National Institute of Standards and
Technology (Gaithersburg, Maryland) traceable light
source (LS-1-CAL, Ocean Optics) before the spectral
output from the LCUs was recorded. The mean spectral
characteristics of each light are shown in Fig. 1, together
with the mean peak output and the mean full-width-half-
maximum (FWHM) values. 

After each sample of composite had been cured, it was
stored in a light-proof container in air at room temperature.
The hardness was measured 15 minutes after irradiation.
The samples were then stored in water at 37°C for 
24 hours, at which time the hardness was measured again.
The KHN at the top and the bottom of each composite
specimen was measured at 10× magnification by means of
a Tukon hardness tester (Wilson Mechanical Instrument

Table 1 Composites used to compare different types of curing lights

Resin composite (shade) Type Manufacturer Recommended 
curing time(s)

Multipurpose composites
Vit-l-escence (TM) Microhybrid Ultradent Products Inc., South Jordan, Utah 20
Vit-l-escence (A2) Microhybrid Ultradent Products Inc., South Jordan, Utah 20
Esthet-X (A2) Microhybrid Dentsply, Milford, Delaware 20
Esthet-X (CE) Microhybrid Dentsply, Milford, Delaware 20
Herculite XRV (A2 dentin) Hybrid Kerr Corp., Orange, California 40

Flowable composites
Filtek Flow (A2) Hybrid 3M Dental Products, St. Paul, Minnesota 20
Revolution (A2) Hybrid Kerr Corp., Orange, California 20
PermaFlo (A2) Hybrid Ultradent Products Inc., South Jordan, Utah 20

Posterior composites
Heliomolar (A2) Microfill Ivoclar-Vivadent AG, Schaan, Liechtenstein 40
Prodigy Condensable (A1) Hybrid Kerr Corp., Orange, California 40

Figure 1: Mean spectral distributions of a first-generation LED curing
light (FreeLight, with 19 LEDs), a second-generation LED curing light
(UltraLume 2), and the QTH curing light (Optilux 401). Three units of
each model were tested, and the data shown are means (± standard
deviation) of 5 recordings for each unit. FWHM = full-width-half-
maximum value.

Figure 2: A second-generation LED-curing light (UltraLume 2) and a
magnified view of the 2 LEDs at the end of this light.
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Division, American Chain and Cable Company Inc.,
Bridgeport, Connecticut) with a Knoop diamond indenter
that applied a 100-g load for 15 seconds.9,16,46 The hardness
measurements were repeated 3 times on each side of the
composite, all within 1 mm of the centre. The Knoop 
hardness data were compared using a general linear 
model analysis with Sidak’s adjustment for multiple
comparisons.52

New designs of curing lights should perform as well as or
better than the curing lights they are to replace. Therefore,
p < 0.01 was chosen as the level of significance in this study,
to ensure that conclusions regarding the choice of curing
light and curing times could be made with a 99% level of
confidence.

Results
The mean thickness of the resin composite specimens

was 1.61 ± 0.07 mm, which was well within the 2-mm
maximum thickness recommended for adequate curing of

resin composites.4,29,34,53 The mean power densities from
the second-generation LED and QTH lights were very
similar (Table 2), although the spectral bandwidths were
quite different (Fig. 1). The area under the spectral curves
in Fig. 1 represents the total power (in milliwatts) emitted
by the 3 first-generation LED lights (FreeLight), the
3 second-generation LED lights (UltraLume 2) and the 
3 conventional QTH lights (Optilux 401). The first-
generation LED lights produced a narrow bandwidth, with
a FWHM value of 26.02 nm and a peak wavelength output
at 467.1 ± 1.1 nm. The 3 second-generation LED lights all
produced similar spectral bandwidths, ranging from 405 to
500 nm, with a mean FWHM value of 23.78 nm and a
mean peak wavelength output at 445.2 ± 0.3 nm. The
3 QTH lights had a much wider spectral bandwidth, 
ranging from 385 to 530 nm, with a mean FWHM value
of 84.56 nm and a mean peak wavelength output at 
491.3 ± 4.2 nm. The peak irradiance and areas under the
spectral curves of the second-generation LED lights were
much greater than those of the first-generation LED lights
(Fig. 1), which shows that the second-generation LED
lights had a greater power output. The peak wavelength was
also lower (445 nm) than that of the first-generation light
(467 nm). The energy density (in joules per square centime-
tre) was calculated by multiplying the power density by the
total curing time in seconds. Therefore, when the curing
time was reduced by half for the second-generation LED
unit (from 40 to 20 seconds), the energy density received by
the composite resin was also reduced by half (Table 2).

The hardness values produced by the 3 QTH light units
were very similar. The standard deviations of the differences
in the hardness values produced by any 2 of these units 
used under the same conditions were at most 2 KHN.
Similar results were obtained for the LED lights. These
small differences in hardness values produced by the

Table 2 Mean power density (± standard deviation) and energy density measured with a 
Cure Rite radiometer at 0, 2 and 9 mm from the end of the light guide 

0 mm distance 2 mm distance 9 mm distance

Power Energy Power Energy Power Energy 
Curing Curing density density density density density density
lighta time(s) (mW/cm2) (J/cm2) (mW/cm2) (J/cm2) (mW/cm2) (J/cm2)

LED 1 20 652 ± 8 13.0 552 ± 2 11.0 267 ± 2 5.3
LED 2 20 711 ± 3 14.2 652 ± 4 13.0 302 ± 4 6.0
LED 3 20 788 ± 5 15.8 634 ± 3 12.7 305 ± 1 6.1

LED 1 40 652 ± 8 26.1 552 ± 2 22.1 267 ± 2 10.7
LED 2 40 711 ± 3 28.4 652 ± 4 26.1 302 ± 4 12.1
LED 3 40 788 ± 5 31.5 634 ± 3 25.4 305 ± 1 12.2

QTH 1 40 707 ± 2 28.3 623 ± 4 24.9 274 ± 4 10.9
QTH 2 40 734 ± 2 29.4 642 ± 3 25.7 295 ± 1 11.8
QTH 3 40 707 ± 5 28.3 632 ± 3 25.3 273 ± 2 10.9

aLED = second-generation light-emitting diode curing light (UltraLume 2), QTH = conventional quartz–tungsten–halogen curing light (Optilux 401). Three units
of each type of curing light were tested.

Figure 3: Resin composite specimens were irradiated at distances of
2 and 9 mm from the light guide. Each composite was positioned in
a steel washer over a flat tooth surface covered by a Mylar strip.
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3 examples of the same type of curing light were not
considered clinically significant.

Figure 4 shows the overall mean KHN (the combined
hardness values at the top and bottom at both curing
distances for all 10 composites) after irradiation with the
QTH curing light for 40 seconds and the second-generation
LED curing light for 20 and 40 seconds. When the side
and distance  data of all the composites were combined, the
overall mean KHN values were significantly different
between the QTH light and the second-generation LED
curing light (p < 0.01) at both 15 minutes and 24 hours
after irradiation. Figure 4 also shows that the second-

generation LED curing light, used for either 20 or 
40 seconds, was able to produce overall (side, distance 
and composite data combined) mean hardness values at
15 minutes and 24 hours that were more than 80% of the
values obtained after irradiation with a QTH light for
40 seconds.

When only the side and composite data were combined,
at both 2 and 9 mm from the tip of the light guide, there
was still a significant difference in mean hardness values
obtained when the QTH light and the LED light were used
(both curing times), at both 15 minutes and 24 hours after 
irradiation (p < 0.01) (Fig. 5). However, the 24-hour

Figure 4: Overall mean Knoop hardness (KHN) values (combined
hardness values at the top and bottom at both distances for all 10
composites) for irradiation by both lights. The percent hardness values
shown within the bars are relative to the hardness values obtained
with the Optilux 401 QTH light at 15 minutes and 24 hours after
irradiation. 

Figure 5: Mean Knoop hardness (KHN) values (combined hardness
values at the top and bottom of the 10 composites) at 2 and 9 mm
from the tip of the light guide measured 15 minutes and 24 hours after
irradiation. The percent hardness values shown within the bars are
relative to the hardness values obtained with the Optilux 401 QTH
light.

Figure 6: Mean Knoop hardness (KHN) values for each composite (combined hardness values at the top and bottom at both distances from the
tip of the light guide) measured 24 hours after irradiation. The percent hardness values shown within the bars are relative to the hardness values
obtained with the Optilux 401 QTH light.
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combined top and bottom hardness values for the LED
light used for 20 and 40 seconds were greater than 80% of
the 24-hour mean hardness values achieved with the QTH
light at both 2 and 9 mm from the light guide (Fig. 5).
When the LED light was used for 40 seconds, the mean
hardness values at 15 minutes was greater than 80% of the
15-minute mean hardness values achieved with the QTH
light at both 2 mm (89%) and 9 mm (87%) from the light
guide. When the LED light was used for 20 seconds at
2 mm from the light guide, the combined top and bottom
hardness value at 15 minutes was 85% of the hardness value
achieved with the QTH light. For the same curing time of
20 seconds but at 9 mm from the light guide, the mean
hardness value obtained with the LED light was 
79% of that achieved with the QTH light, but this
increased to 88% at 24 hours after irradiation. The percent
hardness values of the LED light relative to the QTH light
were similar at 2 and 9 mm from the composite (Fig. 5),
which indicates that when the distance between the light
guide and the composite was increased from 2 to 9 mm, the
effects on hardness were similar for the 2 types of curing
lights.

The multipurpose, flowable and posterior resin compos-
ites did not all behave similarly when irradiated by the
QTH or the LED lights (p < 0.01) (Fig. 6). When used for
20 seconds, the second-generation LED curing light was
able to produce, at 24 hours after irradiation, combined top
and bottom hardness values in 5 of the 10 composites
(Herculite XRV A2 dentin, Esthet-X A2, Esthet-X CE,
Revolution A2 and PermaFlo A2) that were statistically
equivalent to the hardness produced when the QTH light
was used for 40 seconds. Seven of the composites (Herculite
XRV A2 dentin, Esthet-X A2, Esthet-X CE, Prodigy
Condensable A1, Revolution A2, Filtek Flow A2 and
PermaFlo A2) achieved greater than 80% of the combined
top and bottom hardness values obtained with the QTH
light. When used for 40 seconds, the second-generation
LED curing light produced combined top and bottom
hardness values in 6 of the 10 composites (Herculite
XRV A2 dentin, Esthet-X A2, Esthet-X CE, Revolution A2,
PermaFlo A2, and Heliomolar A2) that were statistically
equivalent to those obtained with the QTH light. By
24 hours after irradiation, all 10 composites had achieved
greater than 80% of the combined top and bottom 
hardness values obtained when the QTH light was used for
40 seconds.

The hypothesis of this study — that 24 hours after irra-
diation, the combined hardness of the top and bottom of
resin composites irradiated by the LED light for 40 seconds
at 2 and 9 mm would be greater than 80% of the hardness
produced by a conventional QTH light used for 40 seconds
— was accepted for all composites tested to a depth of
1.6 mm. When the LED light was used for 20 seconds, the

hypothesis was accepted for 7 of the 10 composites, but
rejected for the remaining 3 composites (Vit-l-escence TM,
Vit-l-escence A2, and Heliomolar A2).

Discussion
A new design of dental curing light should perform as

well as a conventional light in good working order used
under ideal conditions. This study compared the efficacy of
a second-generation LED curing light (UltraLume 2) with
that of a conventional medium-power QTH curing light
(Optilux 401). A selection of multipurpose, flowable and
posterior resin composites were irradiated at clinically
representative distances of 2 and 9 mm from the light
source, and hardness was measured after 15 minutes in air
and after 24 hours in water at 37°C. Instead of measuring
the hardness only at the top of the 1.6-mm-thick compos-
ite specimens, hardness was measured at both the top and
the bottom of the specimens. At 2 mm the QTH lights
delivered 623 to 642 mW/cm2, which was much more than
the power delivered by curing lights in most dental
offices.4,5 Because most composites require more than the
manufacturer’s recommended irradiation time when a
QTH light delivering 300 mW/cm2 is used for curing,43 all
the composites in this study were irradiated for 40 seconds
by the QTH lights, receiving a mean energy of 25.3 J/cm2

at 2 mm. Consequently, they should have been thoroughly
cured by the QTH light and so should provide a rigorous
comparator for specimens cured by the LED light.

The Knoop hardness value has been shown to correlate
well with the degree of conversion of the resin45,46; 
therefore, the lower hardness values at 15 minutes than at
24 hours after irradiation indicate a lesser degree of
monomer conversion within the resin composites at
15 minutes.45,46 The increase in hardness after 24 hours in
water at 37°C supports previous reports that post-
irradiation polymerization occurs within the resin,48,54–56 but
this increase in hardness occurred in the specimens irradiated
by both lights and did not compensate for inadequate initial
polymerization.

A bottom-to-top KHN ratio of 80% corresponds to a
reasonable bottom-to-top degree-of-conversion ratio of
90%.49 Therefore, although there may be statistically signif-
icant differences between different lights, a 20% difference
from the hardness of the composite specimens achieved
with the QTH light was used to assess the clinical efficacy
of the second-generation LED curing light. Unlike previous
authors, who calculated the bottom-to-top hardness ratio
on the basis of the hardness achieved at the top with the
same light,16,17,47,50 in this study the mean hardness at the
top and bottom was compared with the mean hardness
achieved using the QTH light. This allowed a comparison
against the performance of the QTH light, rather than a
comparison of bottom-to-top ratios for individual lights,
which can be misleading. For example, if the KHN was
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50 at the bottom and 60 at the top for light A, then the
bottom hardness would be an acceptable 83% of the top
hardness. If the KHN was 37.5 at the bottom and 45 at the
top for light B, the bottom hardness would also be 83% of
the top hardness, and the reader might think that lights A
and B were similar. However, light B is producing a much
softer composite at the top surface, and a better compari-
son would be the KHN of 37.5 at the bottom for light B
with the KHN of 60 at the top for light A. This compari-
son would show that light B yielded unacceptable hardness
values that were only 62.5% of the hardness achieved when
the composite was irradiated with light A.

The overall combined mean hardness values achieved in
the selection of multipurpose, flowable and posterior resin
composites cured by each light in this study were signifi-
cantly different from one another (p < 0.01). However, the
overall hardness values produced when the LED lights 
were used for 20 and 40 seconds, at both 15 minutes and
24 hours after irradiation, were greater than 80% of the
hardness values obtained when the QTH light was used for
40 seconds (Fig. 4). When the mean hardness values at the
top and bottom of each composite irradiated at distances of
2 and 9 mm were examined after 24 hours in water at
37°C, all 10 composites irradiated by the second-genera-
tion LED curing light for 40 seconds had achieved a mean
hardness that was greater than 80% of that produced by the
QTH light used for 40 seconds. The LED light also
produced hardness values greater than those obtained with
the QTH light in 3 of the 10 composites, although not
significantly so (Fig. 6). Thus, a dentist can reasonably
expect that 40 seconds of curing with the UltraLume 2 will
cure the selection of composites used in this study as well as
a QTH light delivering 623 to 642 mW/cm2.

Figure 6 illustrates how the multipurpose, flowable and
posterior resin composites did not behave similarly
(p < 0.01). After 40 seconds of irradiation by either light,
Vit-l-escence A2, Herculite A2, Esthet-X A2 and CE were
the hardest composites and, as expected, the flowable
composites (PermaFlo A2, Revolution A2 and Filtek Flow
A2) were the softest. The microfilled posterior composite
Heliomolar A2 produced some of the lowest hardness
values. There was little difference when Esthet-X,
Revolution, Filtek Flow and PermaFlo were irradiated for
20 or 40 seconds with the LED light. This may be because
the manufacturers’ recommended curing time for all of
these composites is 20 seconds, and irradiating them for
a further 20 seconds with the LED light was unnecessary 
since it could not increase their hardness and degree of
polymerization. For 6 of the composites (Esthet-X A2,
Esthet-X CE, Herculite A2, PermaFlo A2, Revolution A2
and Heliomar A2), the second-generation LED light
used for 40 seconds produced mean hardness values
after 24 hours that were statistically equivalent to those 

achieved with the QTH light (Fig. 6). After 40 seconds, the
mean total energy delivered by the 2 lights was similar:
24.5 J/cm2 from the LED light and 25.3 J/cm2 from the
QTH light at 2 mm, 11.7 J/cm2 from the LED light and
11.2 J/cm2 from the QTH light at 9 mm. Therefore, the
significant differences in hardness values for the remaining
4 composites irradiated by the QTH and LED lights might
have been due to a mismatch between the spectral output
of the LED lights (Fig. 1) and the spectral sensitivity of the
composites.

When the second-generation LED curing light was used
for 40 seconds and hardness was measured at 24 hours after
irradiation, all 10 composites reached an acceptable hard-
ness (i.e., at least 80% of the hardness achieved with a
QTH curing light). When used for 20 seconds, the LED
light was able to polymerize the composites to the extent
that 24 hours after irradiation 7 of the 10 composites had
reached more than 80% of the hardness value achieved 
by the QTH light (and 9 reached at least 79%). When
the irradiation time was reduced by half, the total 
energy received by the composites was also reduced by half
(Table 2). This reduction in total energy received by the
composites (from a mean of 24.5 J/cm2 to a mean of
12.2 J/cm2 at 2 mm) resulted in hardness values of less 
than 80% for Vit-l-escence A2 and TM and Heliomolar A2
(p < 0.01). These results indicate that these composites
require more than 20 seconds of irradiation with the LED
light. This conclusion was supported by the lack of a 
significant difference in the hardness of the Heliomolar
composite when it was irradiated for 40 seconds with the
QTH or the LED curing light and the improved
bottom–top hardness ratios when these composites were
irradiated for 40 seconds (Fig. 6). Heliomolar was the only
microfilled resin composite tested, and these results support
previous reports that this type of composite requires more
energy than hybrid or microhybrid composites for adequate
polymerization,16,28 perhaps because there is greater 
attenuation and scattering of light by the submicron filler
particles.2,8,9,35,42,48,57

The spectral outputs shown in Fig. 1 reveal that the
second-generation LED light tested in this study was much
more powerful than the first-generation LED light. The
spectral output was also shifted toward shorter wavelengths
(from a peak wavelength of 467 nm to a peak wavelength
of 445 nm). The increase in power and the shift in spectral
output may explain why this second-generation LED light
performed better than in studies which used first-
generation LED curing lights.9,16,17 This second-generation
LED light may therefore be able to cure composites that
use photoinitiators and co-initiators which are activated
by light at the lower wavelengths.58 However, since the
second-generation LED unit emitted very little light below
410 nm (Fig. 1), the QTH light (with a range from 385 nm
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to 530 nm) was better at curing composites containing
photoinitiators and co-initiators which are activated at
these lower wavelengths. Vit-l-escence A2 and TM, Prodigy
A1 and Filtek Flow A2 probably contain such co-initiators,
because at 24 hours after irradiation there were still signifi-
cant differences in the hardness values achieved when the
LED and QTH lights were used for 40 seconds (Fig. 6).
Third-generation LED lights may produce more light at
these lower wavelengths and so provide improved polymer-
ization for these composites.

Curing light guides can have a focusing effect on the
light output.57 Depending on the design of the light guide,
changes in the diameter of the light guide or increasing the
distance from the light guide can have different effects on
the power density.42,51,57,59 The UltraLume 2 does not use a
fibre optic light guide but instead has an oval lens to focus
the light onto the tooth (Fig. 2). This lens may disperse
light over a greater area than light from a standard light
guide and may compromise the performance of the
UltraLume 2 as the distance from the light guide increases.
However, the power density from the QTH and LED
curing lights was very similar at 0, 2 and 9 mm (Table 2).
Even at 9 mm, the power density from both lights was close
to 300 mW/cm2, greater than the power density from many
curing lights in dental offices measured at 0 mm.4,5,7 Also,
the percent hardness values achieved by the LED light rela-
tive to the QTH light were similar at 2 and 9 mm (Fig. 5).
These results indicate that between 2 and 9 mm from the
light guide, the lens on the UltraLume 2 had an effect on
power density and the resultant composite hardness 
similar to that of the 11-mm standard light guide on the
Optilux 401.

LED curing lights are relatively new, and it is not known
how individual units will perform after several years of use
in a dental office. Conversely, the performance of QTH
curing lights is known to be adversely affected by years of
use, and therefore the curing lights in many dental offices
do not produce a power density as high as that delivered by
the QTH light used in this study (in one study,4 55% of the
units delivered less than 300 mW/cm2, and in another,5

52% delivered less than 400 mW/cm2). Therefore, the
second-generation LED light tested here should outper-
form most QTH lights currently in use. If, as promised,
LED curing lights last longer and maintain their power
output longer than QTH lights, then the UltraLume 2
curing light (used for 40 seconds) would be a good curing
light for a dental office. However, the 2 LEDs are located at
the end of a hand-held wand (Fig. 2) that cannot by steril-
ized. Although disposable sleeves that cover the end of the
wand can be used, infection control may be an issue with
this light. Unlike other LED curing lights, the UltraLume 2
is not battery operated. This feature may be beneficial since
battery-operated QTH and LED curing lights have been

reported to lose some of their power output after repeated
light exposures.57,60

If clinicians use this second-generation LED light for
20 seconds (delivering 12.2 J/cm2 at 2 mm), they should be
aware that not all composites will be cured as well as if they
had been thoroughly cured by a conventional QTH curing
light used for 40 seconds (receiving 25.3 J/cm2 at 2 mm).
However, because the combined top and bottom hardness
value of each composite irradiated by the LED light for
40 seconds was greater than 80% of the hardness value
achieved with a QTH light at both 15 minutes and
24 hours after irradiation, using this second-generation
LED light for 40 seconds should ensure adequate polymer-
ization of most composites to a depth of 1.6 mm. The
manufacturer’s product information does state that the
UltraLume 2 cannot cure all resins, and this study did not
test all resin composites currently available. Therefore, to be
prudent, the dentist should always check that the curing
light and the irradiation time used are adequate to poly-
merize the particular brand of resin used.

Conclusions
On the basis of the hardness measured at the top and the

bottom of 1.6-mm thick specimens of 10 resin composites
irradiated at clinically relevant distances of 2 and 9 mm
from the light guide, the following conclusions were
reached:

1. The second-generation LED curing light used for
40 seconds could polymerize 10 resin composites such
that by 24 hours after irradiation all had reached an
acceptable hardness (greater than 80% of the hardness
achieved with the QTH curing light).

2. The LED light used for 20 seconds cured 5 of the
composites as well as when the QTH light was used for
40 seconds (p > 0.01). 

3. The LED light used for 40 seconds cured 6 of the
composites as well as when the QTH light was used
(p > 0.01). 

4. Because the LED light did not polymerize all of the
composites as well as the QTH light (p < 0.01), the
dentist should check that the curing light and the irradi-
ation time used are sufficient to adequately polymerize
the resin used. C
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