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Second-Generation LED Ligbt-Curing
In Restorative Procedures
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DESCRIPTION

In the following article, an LED lamp
and its operation are described
(including emission spectra, the vari-
ous generations, power and light
intensity). The effectiveness of second-
generation LED lamps is shown
through studies of microhardness and
clinical cases.

INTRODUCTION

A new type of polymerization lamp
appeared on the market at the begin-
ning of this millennium. These are
called LED lamps: lamps which, as the
light emitter, use an electronic semi-
conductor component related to
diodes, replacing halogen or plasma
lamps @19 It was the Japanese workers
Iwakura and Ken who first had the idea
of using LEDs in dentistry. The first
experimental studies were performed
by Kennedy and then the Englishman,
Mills 19,

The manufacturers guarantee a life of
between 50,000 and 100.000 hours. ¢V

a. Emission specira of LEDs
Compared to halogen lamps or plasma
lamps, the emission spectrum of an
LED is sufficiently narrow (a few tens
of nanometers), making filters
unnecessary. There is, moreover, con-
siderable similarity between the sensi-
tivity spectra of photo initiators
(benzophenone, acetophenone,
thioxanthen-9-one, diketones, and dl
camphorquinone) in dental compos-
ites and the emission spectra of an LED
emitting in the blue-violet range. @+ 1%
* The less powerful (first-generation)
LEDs width of sensitivity spectrum did
not cover all the photo initiators, re-
quiring it to have two types of LED, one
centering on 440nm and the other on
470nm.

The spectrum of a halogen lamp
Figure 1) has a steady increase in
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1. Description and operation of
a light-emitting diode (LED)
The diodes used in dentistry are com-
posed of a specific light-emitting mate-
rial or component sandwiched
between two electrodes, the whole ar-
rangement being enclosed in a plastic
covering. The main advantages of
LEDs are that they operate at low
temperature, are mechanically stable,
have a very long life, and a very narrow
emission spectrum.

Unlike other light sources, LEDs are
affected little by time. Light-emitting
diodes show reliability comparable to
that of other semiconductor devices.

the photo initiators are sensitive only In
the blue and violet range, it is neces-
sary to eliminate a large proportion of
the spectrum emitted by these lamps,
by using low-pass filters; everything
beyond blue — from green to infrared
— has to be eliminated. The only radia-
tion allowed to pass is the blue and
violet, i.e. short wavelengths in the
range 400-500nm.

The spectrum of a plasma lamp
(Figure 2) is still wider, ranging from
ultraviolet to infrared. In order to keep
only the 400-500nm part, a “low pass”
filter and a “high-pass” filter for every-
thing below 400nm must be used.
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Figure 3a, 3b, 3¢
Comparison of various spectra
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As radiation has high heat level, halogen and
plasma lamps are figed with cooling fans to dissipate
heat from the filters.

In the case of an LED lamp, the spectrum of LED
selected is narrow and appears only in the area of the
component material. As we do not need to reduce it
the use of filters is not nNecessary, so there is no need
for a fan.

If we compare the energy of an LED lamp with
that of a plasma or halogen lamp (Figure 3), all of the
energy of the LED lamp can be used, whereas only
50-60% of that produced by the other two types is
useful. People therefore often say that an LED lamp is
twice as effective as another lamp of equal power.,
Claims are made that a 250mW LED lamp was as effec-
tive as a halogen or plasma lamp of 500mw. In fact,
experience has shown this factor of 2 (and some authors
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It goes without saying that a radiometer in a halogen

lamp does not work for an LED lamp, in particular

because the latter emits cold light. There is also the fact

that it would be necessary to multiply by 1.5 to 2 the
value displayed.

b. Different generations of LED

First generation LEDs used a number of LEDs and the
power rarely exceeded 250mW. The second genera-
tion appeared in early 2003; these generally use a
single LED and are much more powerful, at 600mW.
The large increase in power suggests that in four or
five years time LED lamps may replace halogen lamps,
This observation should, however, be qualified by
considering the low energy of radiation from an LED
(i.e. “cold light" at the short wavelengths), and this
factor could make them unsuitable for some thermo-
reactive treatment processes, such as those using
bleaching products. The leading first-generation
products were 3M’s Freelight (190mW), Dentsply’s
NRG (220mW) and — most powerful of the three — GC
Corporation’s e-light (250-280mW).
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A second generation of LED lamps appeared early
in 2003 such as, 3M Espe’s Freelight 2, Medical
Universal's LeDeLight, Kerr's L.E.Demetron, Satelec’s
Mini LED and Ultradent’s Ultra Lume. As the power
of the current LED lamps is between 400mW and
600mW, we can - in the absence of more rigorous
studies — consider them to be equal to any of the
halogen lamps on the market (Figures 4a, b, c).

c¢. Power and density of power

A lamp, of whatever type, has a power rating that
relates to emission of light by the bulb, expressed in
mW. As an example, the MiniLED™ — the lamp used
in our experiments — power is approximately 550mW,
though the power rating is rarely quoted in any
literature. People prefer to consider the figure for
intensity of light falling on the composite. This means
power per surface area, measured as mW/cm?,

In our example, the lamp produces 550mW, mea-
sured at the far point (or tip) of the light guide, which
is 7.5mm in diameter. The circle of 7.5mm implies an area
of about half a square centimeter (A = nr?). This means,
per ey, the light intensity of this lamp would be 550 x
2 = 1100mW/cm?. Using a smaller light guide, of 5.5mm
diameter (with a corresponding area of 0.25 cm?), the
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intensity of light received, and concentrated on that small
area, would be four times as great, giving 550 x 4 =
2200mW/cm?.

In fact, this is not altogether accurate, because
the smaller the tip and more concentrated the light,
the greater the losses. It is, therefore, more reason-
able to talk of the intensity being in the region of
1700-1800mW/cm?* Y

Very often, the tips of LED lamps are smaller
(7.5 or 8mm) than those of halogen lamps (10-12mm).
This is because LED lamps use what are called turbo
tips that are wider at the entrance than at the exit; this
makes the light diverge more. At 2mm, at the level of
a cusp, the diameter of the beam projected by the light
conductor in the LED lamp is close to that of a halogen
or plasma lamp, where the divergence is less.

Itis, in principle, undesirable to use a wide light
guide tip in an LED lamp. In clinical use, an LED
lamp is a good choice, as its power is stable over
time, ergonomically it is practical (noiseless,
cordless) and there is virtually no rise in pulp
temperature. A study that Palmer ‘¥ presented to
the TADR at San Diego in 2002, compared the rise
in temperature caused by three types of lamps and
showed the effectiveness of LEDs:
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0.9°C after 40 seconds with an LED

3.6'C after 40 seconds with a conventional halogen lamp
- 1.9°C after 10 seconds with a fast halogen lamp

- 6.4°C after 10 seconds with a plasma lamp

i

2. Microhardness and exposure time

Studies investigating microhardness using second-
generation LED technology have shown good results
7:8:20 Tt was possible to measure polymerization of
the materials employed clinically by using
microhardness “ 17, Two studies showed that — with
LED technology — the results are satisfactory and
exposure times are more compatible with general
practitioners’ everyday work.
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a. Time and microhardness
Light curing of composite materials or polymers using
halogen lamps requires an exposure time of 2040 seconds
. Clinicians must, however, be prepared to extend the
time, especially when having to effect polymerization
through the enamel o 4 mould, or when using composites
that are opaque or dark-colored . A Ccomposite material
must be completely polymerized in order to be
biocompatible and avoid the possibility of side effects, The
degree of polymerization for 4 composite also depends on
the nature and composition of the material. In addition,
the degree of polymerization depends on the composite’s
curing reaction, i.e. on the wavelength at which its com-
ponents react, 1619, 20, 24)

Does polymerization using LED technology
enable the irradiation time to be reduced? A study and

depth hardness was performed.

Method: The aim of this study was to obtain the
same hardness value at 2 depth (2mm) for a “reference”
halogen lamp (Kerr/Demetron Optilux 501) and for an
LED lamp (Satelec’s Minj LED™). Moulds 2mm thick
(Figure 5) were filled with nine different composites
and then irradiated following the recommendations
from the manufacturer of the halogen lamp. The
microhardness was measured with a Leica VMHT 30
microhardness tester 30 minutes after irradiation, Then,
forthe LED lamp, irradiation time was adjusted to obtain
the same hardness, at depth, with the various
composites. We thus found the time needed to get the
same result as with the halogen [amp.
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Figures 7a, 7b, 7c
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Results: With Satelec’s Mini LED™ lamp, the times
w . e required to produce the same microhardness at a depth
o were shorter. It can be seen from this study that the
.~ curing time can be reduced by up to 88% for some
composites. (See Figures 6a and 6b)

b. Study of the microhardness of various
composite materials in relation to thickness,
using two light-curing lamps”®

The aim of this second study was to assess the depth
of polymerization using two lamps, by studying Knoop
microhardness. This investigation was carried out using
two lamps — a conventional halogen lamp (Kerr/
Demetron Optilux 501%) and a new LED lamp (SEDR
LED prototype, at the time of study) —and six composite
resins (Z100MP, Herculite XRV®, Tetric Ceram®,
Admira®, Definite® and GC Unifil $*). The irradiation
time was nine seconds at full power for each lamp; six
samples of each composite were used.

The microhardness study was carried out
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showed significant differences between the materials, but
the comparisons of hardness in relation to thickness
showed similar curves for the various composites. Three
results are presented here, Within the limitations of this
in vitro study, the depth of polymerization was found to
be better with the LED lamp. (See Figures 7a, 7b, 7¢)

3. Clinical cases using Satelec’s Mini LED™ lamp
During the past decade, changes in the socio-economic
environment, a reduced prevalence of dental caries,
increased interest on the part of patients in cosmetic
dentistry, a concern to spare tissue, and controversy over
the potential toxicity of metallic restoration procedures,
have led to an in-depth reassessment of treatment meth-
ods for anterior and posterior teeth. Composites, and
direct and indirect adhesive techniques have, therefore,
become basic elements in modem restorative dentistry.
However, successful treatment depends on a whole array
of interrelated factors. The quality of the materials used,
the suitability of the instruments, and knowledge and
mastery of operating techniques are all of fundamental
importance for how long restorative procedures will last.

We carried out clinical procedures in various areas
of adhesive dentistry (orthodontics , and direct and
indirect restorative dentistry) using the LED technology -
for light curing of the materials employed in both direct
and indirect techniques.
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Figures 8a, 8b, 8¢, 8d
CLINICAL CASE 1. Posterior lay-
ering (Composite: Dentsply
DeTrey’s Estherx®)
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Figures 9a, 9b, 9¢, 9d
CLINICAL CASE 2: Ceramic veneers (Bonding composite: Ivoclar Vivadent’s Varioloink 11*)
(Carried out by Laboratories Creadent, Grabels, 34 Herault, France)

[#9a ~ 9b ~ 9¢ ~ 9d
B T 912 ¢ e Es R (BE4S &Y © Ivoclar Vivadent’s Varioloink I1%)
( H17# [ Creadent, Grabels, 34 Herault T2 52 1)

Figures: 10qa, 10b, 10c, 10d
CLINICAL CASE 3: Anterior layering
(Composite: Coltene Whaledent's Miris®)

[E#10a ~ 10b ~ 10c ~ 10d
BRI - B rRE( #E  Coltene
Whaledent’s Miris®)
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) Light-Curing

In Restorative Procedures
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DESCRIPTION

In the following article, an LED lamp
and its operation are described
(including emission spectra, the vari-
ous generations, power and light
intensity). The effectiveness of second-
generation LED lamps is shown
through studies of microhardness and
clinical cases.

INTRODUCTION

A new type of polymerization lamp
appeared on the market at the begin-
ning of this millennium. These are
called LED lamps: lamps which, as the
light emitter, use an electronic semi-
conductor component related to
diodes, replacing halogen or plasma
lamps® ¥ It was the Japanese workers
Iwakura and Ken who first had the idea
of using LEDs in dentistry. The first
experimental studies were performed
by Kennedy and then the Englishman,
Mills ",

1. Description and operation of
a light-emitting diode (LED)
The diodes used in dentistry are com-
posed of a specific light-emitting mate-
rial or component sandwiched
between two electrodes, the whole ar-
rangement being enclosed in a plastic
covering. The main advantages of
LEDs are that they operate at low
temperature, are mechanically stable,
have a very long life, and a very narow
emission spectrum,

Unlike other light sources, LEDs are
affected little by time. Light-emitting
diodes show reliability comparable to
that of other semiconductor devices.

The manufacturers guarantee a life of
berween 50,000 and 100.000 hours, %

a. Emission specira of LEDs
Compared to halogen lamps or plasma

lamps, the emission spectrum of an
LED is sufficiently narrow (a few tens
of nanometers), making filters
unnecessary, There is, moreover, con-
siderable similarity between the sensi-
tivity spectra of photo initiators
(benzophenone, acetophenone,
thioxanthen-9-one, diketones, and dl
camphorquinone) in dental compos-
ites and the emission spectra of an LED
emitting in the blue-violet range. 415
* The less powerful (first-generation)
LEDs width of sensitivity spectrum did
not cover all the photo initiators, re-
quiring it to have two types of LED, one
centering on 440nm and the other on
470nm,

The spectrum of a halogen lamp
(Figure 1) has a steady increase in
energy from ultraviolet to infrared. As
the photo initiators are sensitive only in
the blue and violet range, it is neces-
sary to eliminate a large proportion of
the spectrum emitted by these lamps,
by using low-pass filters; everything
beyond blue — from green to infrared
- has to be eliminated. The only radia-
tion allowed to pass is the blue and
violet, i.e. short wavelengths in the
range 400-500nm.

The spectrum of a plasma lamp
(Figure 2) is still wider, ranging from
ultraviolet to infrared. In order to keep
only the 400-500nm part, a “low pass”
filter and a “high-pass” filter for every-
thing below 400nm must be used.

Figure 1
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Emission spectrum for a halogen lamp
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Emission spectrum of a plasma lamp
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Figure 3q, 3b, 3¢
Comparison of various spectra

H3a, 3b, 3c
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As radiation has a high hear level, halogen and
plasma lamps are firted with cooling fans to dissipate
heat from the filters.

In the case of an LED lamp, the spectrum of LED
selected is narrow and appears only in the area of the
component material. As we do not need to reduce it,
the use of filters is not necessary, so there is no need
for a fan.

If we compare the energy of an LED lamp with
that of a plasma or halogen lamp (Figure 3), all of the
energy of the LED lamp can be used, whereas only
50-60% of that produced by the other two types is
useful. People therefore often say that an LED lamp is
twice as effective as another lamp of equal power.
Claims are made that 2 250mW LED lamp was as effec-
tive as a halogen or plasma lamp of 500mW. In fact,
experience has shown this factor of 2 (and some authors
referred to a factor of 4) was something of an
exaggeration. A factor of 1.5 is more accurate.

It goes without saying that a radiometer in a halogen
lamp does not work for an LED lamp, in particular
because the latter emits cold light. There is also the fact
that it would be necessary to multiply by 1.5 to 2 the
value displayed.

b. Different generations of LED

First generation LEDs used a number of LEDs and the
power rarely exceeded 250mW. The second genera-
tion appeared in early 2003; these generally use a
single LED and are much more powerful, at 600mw.
The large increase in power suggests that in four or
five years time LED lamps may replace halogen lamps.
This observation should, however, be qualified by
considering the low energy of radiation from an LED
(i.e. “cold light” at the short wavelengths), and this
factor could make them unsuitable for some thermo-
reactive treatment processes, such as those using
bleaching products. The leading first-generation
products were 3M's Freelight (190mW), Dentsply’s
NRG (220mW) and — most powerful of the three — GC
Corporation’s e-light (250-280mW).
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A second generation of LED lamps appeared early
in 2003 such as, 3M Espe's Freelight 2, Medical
Universal's LeDeLight, Kerr's L E.Demetron, Satelec’s
Mini LED and Ultradent’s Ultra Lume. As the power
of the current LED lamps is between 400mW and
600mW, we can — in the absence of more rigorous
studies — consider them to be equal to any of the
halogen lamps on the market (Figures 4a, b, c).

<. Power and density of pewer

A lamp, of whatever type, has a power rating that
relates to emission of light by the bulb, expressed in
mW, As an example, the MiniLED™ — the lamp used
in our experiments — power is approximately 550mW,
though the power rating is rarely quoted in any
literature. People prefer to consider the figure for
intensity of light falling on the composite. This means
power per surface area, measured as mW/cm?

In our example, the lamp produces 550mW, mea-
sured at the far point (or tip) of the light guide, which
is 7.5mm in diameter. The circle of 7.5mm implies an area
of about half a square centimeter (A = ). This means,
per em’, the light intensity of this lamp would be 530 x
2 = 1100mW/cm?, Using a smaller light guide, of 5.5mm
diameter (with a corresponding area of 0.25 cm?), the

intensity of light received, and concentrated on that small
area, would be four times as greal, giving 550 x 4 =
2200mW/cm?,

In fact, this is not altogether accurate, because
the smaller the tip and more concentrated the light,
the greater the losses. It is, therefore, more reason-
able to talk of the intensity being in the region of
1700-1800mW/cm? 10

Very often, the tips of LED lamps are smaller
(7.5 or 8mm) than those of halogen lamps (10-12mm).
This is because LED lamps use what are called wrbo
tips thart are wider at the entrance than at the exit; this
makes the light diverge more. At 2mm, at the level of
4 cusp, the diameter of the beam projected by the light
conductor in the LED lamp is close to that of a halogen
or plasma lamp, where the divergence is less.

Itis, in principle, undesirable (o use a wide light
guide tip in an LED lamp. In clinical use, an LED
lamp is a good choice, as its power is stable over
time, ergonomically it is practical (noiseless,
cordless) and there is virtually no rise in pulp
temperature. A study that Palmer " presented to
the [ADR at San Diego in 2002, compared the rise
in temperature caused by three types of lamps and
showed the effectiveness of LEDs:

micro-10 +
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- 0.9°C after 40 seconds with an LED

- 3.6°C after 40 seconds with a conventional halogen lamp
- 1.9°C after 10 seconds with a fast halogen lamp
- 6.4°C after 10 seconds with a plasma lamp

2. Microhardness and exposure time

Studies investigating microhardness using second-
generation LED technology have shown good resulis
.83 Tt was possible to measure polymerization of
the materials employed clinically by using
microhardness “ ™17, Two studies showed that — with
LED technology - the results are satisfactory and
GX.P()SLITC‘ fimes are more compatiblc with gem:ral
practitioners’ everyday work,
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Second-generation LED lamps
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a. Time and microhardness Figure &a
Light curing of composite materials or polymers using

halogen lamps requires an exposure time of 20-40 seconds EH6a

2. Clinicians must, however, be prepared to extend the

time, especially when having to effect polymerization Mfr 1 Composite | Shade | Time Re 'mmende'ﬂ | Time obtained
through the enamel or a mould, or when using composiies e s e i B mife o @/Mini LED™
that are opaque or dark-colored @, A composite material mme ol ﬁ.&n Sl e Eﬂﬁﬁiﬁﬁﬂ  mr—mEW
must be completely polymerized in order to be i SIS it i h smsaeps | mieepg
biocompatible and avoid the possibility of side effects. The : i ) ) e i 1 :

degree of polymerization for a composite also depends on

the nature and compoasition of the material. In addition, Cavex Quadrant Universal LC A3 20s 8 sec
gﬂgﬁmﬁaﬁmdfmﬂ?m 3 Kuraray Medical Clearfil AP-X A3 20s 8 sec
ponents react. 061220 Dentsply Detrey DEFINITE omc A3 10s 10 sec
el W ecaibno e b e A oy | e XRY Herculite enamel | 43 Not available 10 sec
analysis measuring the time needed to obtain good in- Kerr XRV Herculite prodigy A3 40s 10 sec
depth hardness was performed. ;

i Method: The aim of this study was to obtain the 3M 2100 MP A3 40s 3 sec
same hardness value at a depth (2mm) for a “reference” M Filtek 7250 A3 20s 7 sec
halogen lamp (Kerr/Demetron Optilux 501) and for an
LED lamp (Satelec's Mini LED™). Moulds 2mm thick Dentsply Detrey Spectrum TPH A3 20s T Tsec
(Figure 5) were filled with nine different composites Ivoclar Vivadent Tetric Ceram Cavifil A3 40s 10 sec
and then irradiated following the recommendations
from the manufacturer of the halogen lamp. The

microhardness was measured with a Leica VMHT 30
microhardness tester 30 minutes after irradiation. Then,
for the LED lamp, irradiation time was adjusted to obtain
the same hardness, at a depth, with the various
composites. We thus found the time needed 1o get the
same result as with the halogen lamp.
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Figure &b |
Irradiation time obtained with LED
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Knaop Hardness [K4)

Results: With Satelec’s Mini LED™ lamp, the time:
required to produce the same microhardness at a deptt
were shorter. It tan be seen from this study that the
curing time can be reduced by up to 88% for some
composites. (See Figures 6a and 6b)

b. Study of the microhardness of various

composife materials in relation to thickness, '
using two light-curing lamps™® [
The aim of this second study was to assess the depth
of polymerization using two lamps, by studying Knoop .
microhardness. This investigation was carried out using
two lamps — a conventional halogen lamp (Kerr/
Demetron Optilux 501%) and a new LED lamp (SEDR
LED prototype, at the time of study) —and six composite
resins (Z100MP, Herculite XRV®, Tetric Ceram®,
Admira®, Definite® and GC Unifil $*). The irradiation
time was nine seconds at full power for each lamp; six
samples of each composite were used.

The microhardness study was carried out using the
Leica VMHT 30 hardness tester. Five measurements were
made for each sample, every 500um. Statistical analysis
showed significant differences between the materials, bul
the comparisons of hardness in relation to thickness
showed similar curves for the various composites. Three
results are presented here. Within the limitations of this
in vitro study, the depth of polymerization was found to
be better with the LED lamp. (See Figures 7a, 7b, 7c)

3. dinical cases usi Mini LED™ 1
During the past decade, changes in the socio-economic
environment, a reduced prevalence of dental caries,
increased interest on the part of patients in cosmetic
dentisiry, a concern to spare tissue, and controversy over
the potential toxicity of metallic restoration procedures,
have led to an in-depth reassessment of treatment meth-
ods for anterior and posterior teeth. Composites, and
direct and indirect adhesive techniques have, therefore,
become basic elements in modern restorative dentistry.
However, successful treatment depends on a whole array
of interrelated factors, The quality of the materials used,
the suirability of the instruments, and knowledge and,
mastery of operating techniques are all of fundamental’
impontance for how long restorative procedures will last.

We carried out clinical procedures in various areas:
of adhesive dentistry (orthodontics @, and direct and.
indirect restorative dentistry) using the LED technology:
for light curing of the materials employed in both direct
and indirect techniques.

FiE  AWRMEMACH @ SNy ERE
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Clinicians can now depend on LED
technology, which is reliable and can be
adapted to everyday practice at reason-
able cost ™. It is therefore possible 10
provide treatment using LED curing for
adhesive techniques in many clinical
situations. The method cenainly has its
place in the current therapeutic arsenal,
even though conventional halogen
curing has shown very good results and
is still valid. [tis, nevertheless, important
to note that the shorter curing times
obtained with LED lamps are proving
of interest in dental restoration ® not
because of any time saved but because
of clinical application. The absence of
temperature increase means that the
method satisfies the three essential
considerations of Function, Physiol
and Aesthetics, % . 2310 3
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Figures 8a, 8b, 8¢, 8d
CLINICAL CASE 1: Posterior lay-
ering (Composite: Dentsply
DeTrey's Esthetk®)
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Figures 9a, 9b, 9¢, 9d : ; : :
CLINICAL CASE 2: Ceramic veneers (Bondmg campus;te Ivoc]ar Vivadem s
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