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Abstract

The use of light sources is a constant in dental practice. Many technical and instrumental
materials base their properties on applying light at intensities superior to healthy ones for
our ocular organ. 5 out of 10 work absences in the health sector is due to visual pathology.
One of the main consequences of the technological advance achieved and the engineering
of biomaterials was the achievement of lighting parameters that allow us to reduce time,
techniques and improve the quality of our work. Thus, with the light of polymerizing in
dentistry, the great disadvantages of the 30s and 60s on acrylic resins and their contraction
in the cavitary walls were solved, thus heading towards one of the main milestones of
contemporary dentistry, as were the discoveries of Bouncore and Bowen. For this and more,
we must bear in mind the risk of exposure to which the health population, and especially the
dental one, are exposed by routinely using light sources that exceed intensity and time of
exposure to normal or healthy or at least, for which our eye has intrinsic defense methods.
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Introduction

Light as a form of electromagnetic energy has a dual wave -
particle nature. When describing the effects of light absorbed by a
photoreceptor, the behavior of light particles is more important.
The portion of the electromagnetic spectrum that interacts with the
eye is wider than the portion that is used for phototransduction. It
includes wavelengths of ultraviolet light (100-400nm), visible light
(400-460nm) and infrared (760-10000nm). Several subgroups of
wavelengths can be classified for ultraviolet light: UVA (315-400nm),
UVB (260-315nm) and UVC (100-260nm). In the same way three
groups are described for infrared light. The visible light is called short
length (blue), length (green) and long wavelength (red) according
to the spectra of maximum absorption of the visual pigments of
ocular knowings.!'? Recent studies have evaluated the risk of
constant exposure to light environmental irradiation, particularly
dangerous for individuals over 40 years of age. UVA and UVB,
which are not necessary for sight, induce the formation of cataracts.
More importantly, short wavelength blue visible light (400-440nm)
also represents a risk factor for the adult human retina and is also
not essential for sight; concluding, according to these studies, that
it would be important to be able to eliminate these wavelengths to
reduce the risk of age-related macular degeneration. Relating the
wavelengths with the multiple polymerization lamps, we have to know
that they have different emission spectra, most of them remaining
at wavelengths of 350 - 550 nm and with different light intensity.
Halogen quartz-tungsten lamps, used and studied during the 1980s,
had an intensity of around 300mW/cm?, while current high-voltage
plasma (PAC) lamps and LED lamps have a much higher intensity
higher, 3000mW/cm? or more.

The greatest ocular risk associated with blue light occurs at
approximately 440 nm (near the peak wavelength of many LED
polymerization lamps), while the maximum risk in UV lengths is
reached at 270 nm. The blue light is absorbed by the retina. The use
of polymerization lamps in conservative dentistry involves a total of

several hours of exposure to said light throughout the day. On the
other hand we must not ignore how depending on the angle of the light
beam, the distance to the light source and the spectrum of the lamp,
part of the radiation is absorbed by the target organ, part is dispersed
to the neighboring structures and the rest is reflected. It is assumed
that 10-30% of the emitted light is reflected towards the operator.'*3

Potential risks of exposure to polymerization
light

Cell viability: The non-irradiated RPE cells grew adequately, however,
irradiation inhibited growth. The difference between the nucleus of
irradiated EPR cells with blue, green or white LED illumination and
the non-irradiated ones was, statistically, very significant (p <0.01).
The damage was highest in cells exposed to blue LED illumination,
among which 99% of them became non-viable after exposure to blue
light, although it is true that the decrease in cell viability did not It
was presented in studies of exposure to blue light of shorter times (20
minutes) or it was presented to a lesser extent, demonstrating a factor
to take into account as it is the time of exposure to radiation.’'=3

Intracellular production of reactive oxygen species (ERO):
Photochemical damage occurs when the incident radiation has
a wavelength in the high energy range of the visible spectrum.
An electron in an excited state can return to the inhibited state by
dissipating the extra energy. One way to dissipate this energy is to
break a bond in another molecule through a direct exchange of
electrons or direct hydrogen exchange producing reactive oxygen
species (ROS). A mechanism of cellular damage induced by light is,
therefore, this oxidative process. The formation of ERO at the level
of the EPR leads to cellular damage with the subsequent degeneration
of the photoreceptors. A low production of reactive oxygen species
was observed in EPR cells maintained in the dark. However, there
is a significant increase in the ROS level after three light-dark cycles
(12h/12h) with blue light.3¢+
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Potential for mitochondrial membrane damage: No significant
effect on the mitochondrial membrane potential was detected compared
to the control cells for any of the different LED illuminations.

Damage to DNA: Significant DNA damage was observed for EPR
cells exposed to light. The data in the fluorescence microscopes for all
the irradiated EPR cells show an increased degradation of the nucleic
acids compared to the control cells. The damage was shown to be
maximum for cells exposed to blue LED illumination.

Cell apoptosis: The percentage of apoptotic cells increased in EPR
cells exposed to light compared to EPR cells maintained in the
dark. Cell death in the latter reached a frequency of 3.7%. However,
apoptosis occurred in 86% of the EPR cells exposed to blue light.
In addition, the vulnerability of the eye towards irradiation increases
in adult and elderly patients, due to the accumulation of endogenous
products absorbing radiation in the EPR and to a decrease in the
production of cellular antioxidants.*-5

Types of light and lamps and their comparative probability of
damage: McCuskera et al. analyzed the maximum safety time for
the ocular risks associated with 11 different polymerization lamps
whose wavelengths and power per unit area were compared. For
this, a spectroradiometer was used to measure the irradiation of the
source within the spectral range of 400 nm to 550 at 7 predetermined
distances of 2, 10, 20, 30, 40, 50 and 60cm within which are
considered most important 2 cm distance (direct exposure to light), 30
cm distance (represent the distance between light and operator’s eye)
and 60 cm distance (represent the distance between the light and the
operator’s eye)It is convenient to keep in mind two laws applicable in
the situation that we want to analyze, and that are a fundamental part
of optics as a science. The first is Beer - Lambert’s law: it states that
the totality of light that emanates from a light source can decrease
due to three phenomena of physics, which are the following. The
number of absorption materials in their trajectory, which is called
concentration. This is the reason for the use of protective filters, as we
will later study. Moreover, the distance that the light must cross from
the light source to the determined body. We call this phenomenon,
distance from the optical path, and it is part of the law that is cited
below. And we have to know that probabilities that the photon of
that particular wave amplitude can be absorbed by the material. This
is the absorbency or also the extinction coefficient.’*** The second
law or law of Lambert, determines that the illumination produced
by a light source on a surface is directly proportional to the intensity
of the source and the cosine of the angle that forms the normal to
the surface with the direction of the light rays and is inversely
proportional to the square of the distance to said source. From the
power per unit area (mW/cm?) measured at each distance and for each
type of polymerization unit, different conclusions are obtained. Like
the FusionLED lamp has the greatest intensity at all distances and in
comparison with other lamps. In addition to this, luminous intensity
of the LED lamps is greater than that produced by the halogen lamps
and this, in turn, than the radiation of the plasma lamps. We cannot
forget so important is the intensity drops significantly with distance.
For example, the Fusion lamp presents a descent of 266.68mW/
cm? (at 2cm distance) up to 0.19mW /cm? (at 60cm distance). The
maximum safety exposure time is the theoretical time that is assumed
to be minimal for lesions on the ocular retina. The maximum safety
exposure times for each of the polymerization lamps under test and
for each of the seven distances are calculated using the guidelines
published by the International Commission for the Protection against
Non-lonizing Radiation and are expressed in minutes. Checking the
results with the studies of Labrie et al. who perform a similar study for
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distances of 30cm, 50cm, and 100cm, we can see that the maximum
exposure time of safety for a distance of 30cm in high LED units
power, such as Fusion, is 22.1 +/- 3.00 minutes. This reflects the fact
that the light intensity applied by polymerization lamps in dentistry is
sufficiently powerful to cause serious damage to the transduction of
the visual signal, if the appropriate filter device is omitted. The use
of the light filter, well adapted to the emission spectrum of the lamp,
can reduce the remaining irradiation to tolerable intensities and avoid
the photochemical damage of the retina. Rassaei et al, exemplified in
their study the utility of light filters using a luxometer to measure the
light intensity of different sources emitting LED light at a distance of
30 cm, among which are polymerization lamps and whose filters are
those of their own of each brand or commercial house. In addition
to these own filters, we consider the possibility of using protective
glasses. Ordinary prescription glasses do not prevent the penetration
of blue or UV light. Most manufacturers of polymerized lamps
provide protective goggles, but this type of protection is currently
not considered as usual in clinics. Both parties, dentist and patient,
should wear protective goggles designed to filter out the damaging
wavelengths of the polymerized lamp in particular. Some of these
glasses filter the blue and UV light reducing the light transmission
below 500nm to less than 1%.

An operator wearing appropriate eye protection can safely look
at a lamp at a distance of 30cm for a total of 10 minutes a day.
Other proposed methods, of a more practical nature, when using the
polymerization lamp are avoid looking at the light completely and
we must cover the light with the reflecting face of a buccal mirror
so that the excess blue light returns to the curing zone once again. It
is recommended to verify the effectiveness of the filter, placing a
small amount of composite resin on a sheet of paper, and placing the
corresponding filter or lens on the resin. Then the polymerization unit
must be placed on the other side of the filter and activated for 30
seconds. The resin should not polymerize if it is effective. However,
with this procedure we have to take into account what we are checking,
which is not more than the specific wavelength of polymerization of
the composite used is being filtered, but we cannot know what are the
exact limits of the range of lengths that we get extinguish.®*"!

Conclusion

The negative effects of the blue light emitted by the polymerization
lamps used in dental practice are shown by several studies, although
they may be more or less probable or intense, or nonexistent,
depending on the type of lamp used (wavelength and intensity of
its radiation), time of exposure to the light emitted, type of light to
which the operator is exposed (direct or reflected), distance to the
light source, physical characteristics of the patient, technique used and
methods of barrier or protection. Among these effects, the main one of
a general nature and of concern is the increased risk of suffering age-
related macular degeneration prematurely, this being a consequence of
different phenomena produced within the retinal pigment epithelium
culture cells when These are exposed to blue light, such as: decrease
in cell viability, intracellular production of reactive oxygen species
(ROS), damage to cellular DNA and apoptosis in a certain percentage
of cells. With the limitations of this review and taking into account the
present conclusions, we should consider facing the harmful effects of
the light of polymerizing in the dental cabinet.
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