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Abstract

While composites have continued to be refined, significant differences between the available systems in
physical and mechanical properties, and clinical performance have minimized. Nevertheless, with all the
changes, there is one constant: it is necessary to light-cure direct composites. Clinicians need to understand
the importance of light curing principles because unbound monomers are cytotoxic and poorly cured
composites are less biocompatible. Four techniques are currently available for light-curing composites.
The clinician will consider multiple factors once the light source is chosen to ensure that the composite is
satisfactorily cured. This article analyses the various current technologies, their strengths and weaknesses,
and the importance to ensuring proper polymerization by following such protocols.
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Introduction

When composite materials were first introduced,
their field of application was very limited compared
to that of amalgam. Early composite materials were
suitable only for restoring anterior teeth because of
their weak mechanical properties. However, in the past
few decades, dental composites have developed from
an inferior resin material into the material of choice.
They are capable for use in the fabrication of highly
esthetic, durable posterior and anterior restorations in
direct restorative dentistry.! Apart from being used in the
field of restorative dentistry, composites slowly gained
entry into the field of orthodontics to bond brackets on
the teeth. Chemically activated resin composites were
widely used in Orthodontics which required mixing
of two pastes, which could induce incorporation of
air bubbles into the material. Other disadvantages
included longer working time, slower polymerization
reaction and lower mechanical properties because of
the incorporation of oxygen in the mass which inhibits
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the polymerization.>* For these reasons, light-activated
orthodontic composite materials have been ever more
frequently used for bracket bonding to dental enamel.
Composite photoactivation time is particularly important
because underpolymerization may result in early bracket
debonding. Working with resin-based materials requires
a detailed understanding of the curing properties and the
factors that affect this process. Most modern composite
materials are either based on a light-curing technology
or offer a dual mechanism of light- and self-curing
technology. In the case of light-curing materials the
clinician needs to assure that enough photons reach
the bottom of the composite, or the composite will
not achieve the properties necessary for its long term
survival. This article focusses on the various light-curing
technologies and its potential drawbacks.

CONTINUOUS CURING TECHNIQUE

Polymerization shrinkage is a problem inherent
to light-cured resin composites. This process creates
contraction stress in the composite restoration, which
causes disruption of the marginal seal between the
composite and the tooth structure.'Previous reports
indicate that the magnitude of stress varies according
to the C-factor and elasticity of the structures involved
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in the bonding process, such as cavity substrate, hybrid

layer and bonding resins.>3

Reduction of polymerization shrinkage stress can
be attained in several ways. Attempts have been made
using incremental layering of the composite resinduring
packing and through use of a low elastic modulus
liner between the tooth and the restorative composite
resin.*A second alternative is the slow-curing technique.
The most recent approach aims at an initially reduced
conversion of the resin materials to allow the restoration
some freedom of movement between the cavity walls
and the centre of contraction.’

It had been previously claimed that light curing
composites shrink toward the light, because the energy
at the surface nearest the light would be higher than that
in the deeper parts of the composite.l’Thus, an energy
gradient would be created within the composite, which
would result in quicker polymerization closer to the light

source.®

Uniform Continuous Cure

In uniform continuous curing, a light of constant
intensity is applied to the composite resin for a specific
period of time. This type of continuous curing technique
is currently used. It is carried out using QTH and LED
curing units’.(Figurel)
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Figure 1
Step Cure

In the step cure technique, the composite is first
cured at low energy, then stepped up to higher intensity,

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

each for a set period of time. This is done to reduce
the polymerization stress by inducing the composite to
flow in a gel state. This technique reduces the overall
polymerization shrinkage at the margin of the final

restoration, !0:11

The first commercially available light cure unit
based on this technique was Elipar Highlight (ESPE).
It uses a 10-second exposure of light at 150 mW/cm
followed by 30-50 seconds at 700mW/ cm. However,
this technique results in an uneven cure, as the top most
layer is more saturated with light and thus more highly
cured. '2Step curing is possible only with halogen lamps.
Arc lamps and lasers cannot be used because they work
by applying large amounts of energy over a short period
of time'3. (Figure2)
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Ramp Cure

In the ramp cure, light is initially applied at low
intensity and gradually increased over time to high
intensity levels. This allows the composite to cure
slowly, thereby reducing the initial stress, as the
composite can flow during polymerization.'* Also, this
function is designed to reduce polymerisation shrinkage.
Ramp curing is done as an attempt to pass through all
of the different intensities with the hope of optimizing
a composite’s polymerization. Studies indicate that
ramp curing causes polymerization with longer chains,
resulting in a more stable composite.!’

Theoretically, very high energy applied over a
short period tends to cause dimethacrylate monomers to
attach to themselves, resulting in short polymer chains
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and a more brittle material with higher polymerization
shrinkage and presence of more marginal gaps.'®Ramp
curing is possible only with halogen lamps. Arc and
laser lamps can generate only large and non-variable
amounts of energy.lt is possible to ramp cure composites
manually by holding a conventional curing lamp at
a distance from the tooth and then slowly bringing it
closer to the tooth to increase the intensity!”. (Figure3)

Ramp cure
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High Frequency Pulse Cure

The high-energy pulse cure technique uses a brief
(10 seconds) pulse of extremely high energy (1000-
2800 mW/cm?), which is three to six times the normal
power density.'8This type of polymerization has not yet
been adequately examined and there are a few areas of
potential concern.

1.The rapid application of energy might result in a
weaker resin restoration due to the formation of short

polymer chains. !°

2.1t is possible that rapid application of very high
energy could reduce the diametral tensile strength.

3. Higher energies would result in more brittle
resins.

This type of curing is carried out by argon laser,
plasma arc and third generation of LED. (Figure4)
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INTERMITTENT CURING TECHNIQUE

Intermittent or Discontinuous Curing Technique
is also known as soft-cure technique. A low intensity
or soft light is used to initiate slow polymerisation
that allows the composite to flow from the unbound
restoration surface to the bound tooth structure. This
helps in reducing polymerisation stress at the margins
and can reduce marginal gaps and defects. To complete
the polymerisation cycle, the intensity of the next curing
cycle is drastically increased to produce the needed

energy for optimal polymerisation. '8

Pulse Delay Cure

In this technique, a single pulse of light is applied
to a restoration, followed by a short pause, and then by
a second pulse of light which has greater intensity and
duration of exposure than the first one. This technique
is believed to be an interrupted step increase. The lower
intensity light slows the rate of polymerisation, thus
allowing shrinkage to occur until the composite becomes
rigid. Thus the margins do not show much discrepancy.
20 The second pulse of greater intensity brings the
composite to the final stage of polymerisation. Halogen
lamps are used for this technique.The VIP light from
BISCO used the pule delay cure technique, a very short
exposure time of 3 seconds at 200 mW/cm? is first used
to harden the composite resin. After a waiting period of
three minutes, a 30-second exposure time at 600 mW/

2

cm- is used. The waiting period allows stress relaxation
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and the restoration can be finished and polished at this
time. (Figure5)
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Conclusion

Dental composite polymerization is a very complex
process. The dentist must be aware of the limitations
and factors that affect this operation. Over the past few
years, the LED curing lights have been dramatically
improved, but they face a new challenge: they need to
provide the broadband spectrum required for modern
esthetic composites that use other than initiators
than camphorquinone, such as Lucirin TPO. Some
manufacturers have already started producing the third
generation of LEDs, such as polywave LEDs, and these
curing lights showed promising results. In addition,
a light guide, preferable 10mm wide and parallel, is
essential for LED lights. If the curing light contains
enough energy turbo light guides should be stopped
when the composite is healed at a distance from the
light emission window to prevent unnecessary energy
loss. It has slowly emerged over the course of several
years of study that advanced curing methods are unable
to remove shrinkage stress. Nevertheless, intermittent
techniques provide clear advantages.The soft-start
technique presents the best compromise between curing
time, mechanical properties, bond strength and reduction
of shrinkage stress.
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