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Knowledge of the physical properties and interaction of

laser with biological tissue in dentistry
Conhecimento das propriedades fisicas e da interacao do laser com os tecidos
biol6gicos na odontologia
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Abstract: The trend in dentistry is to incorporate less invasive methods to minimize pain and discom-
fort during and after dental intervention. Therefore, it is believed that laser therapy is an excellent treat-
ment option, since it has beneficial effects for the irradiated tissues, such as activation of microcircula-
tion, production of new capillaries, inflammatory and analgesic effects, in addition to stimulation of
growth and cell regeneration. The comprehension of the interaction between lasers and tissue is based
mainly on understanding the reactions that can be induced in those tissues by laser. This work intends
to show how important it is to know the physical properties of laser as well as its interactions with bio-
logical tissues, since its effects and mechanisms of action are complex and are the object of various stud-
ies to better understand its forms of application and indications.
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Resumo: A tendéncia da odontologia é a incorporagio de métodos menos invasivos com a finalidade
de minimizar a dor e o desconforto durante e apés as intervengoes odontolégicas. Por isso, acredita-se
que a laserterapia seja uma excelente opc¢ao de tratamento, ja que apresenta efeitos benéficos para os
tecidos irradiados, como ativagio da microcirculacio, producao de novos capilares, efeitos anti-infla-
matoérios e analgésicos, além de estimulo ao crescimento e a regeneracao celular. O entendimento da
interagao entre os lasers e os tecidos baseia-se principalmente no entendimento das reacoes que podem
ser induzidas nesses tecidos pela luz laser. Este trabalho se propoe a mostrar a relevincia do conheci-
mento das propriedades fisicas do laser, bem como sua interagao com os tecidos biolégicos, consideran-
do que os efeitos e 0s mecanismos de a¢ao da luz laser sio complexos e alvos de inimeras pesquisas
com vistas a um melhor delineamento de suas formas de aplicagio e indicacoes.
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INTRODUCTION

Laser is an acronym of the English language:
Light Amplification by Stimulated Emission of
Radiation, which precisely expresses how light is pro-
duced. It is electromagnetic radiation that differs from
ordinary light for having a single wavelength, with its
waves propagating coherently in space and time, car-
rying high concentrations of energy in a collimated
and directional manner. '

The amount of interaction between lasers and
tissue is generally determined by factors related to
the laser and the optical characteristics of each tis-
sue. However, the literature is very conflicting
regarding the effects of lasers in these processes,
making it difficult to identify specific effects of laser
light because many factors and variables modify its
effect on tissues. ***

These factors are related to the optical
(reflectance, absorption and scattering) and thermal
(thermal conductivity and heat capacity) properties of
the tissue, and to the wavelength, applied power,
peak power, focus area (energy density and power)
and exposure time of laser light. *

Laser radiation interacts with living matter
through the processes of optical reflection, transmis-
sion, scattering and absorption. That is, upon reach-
ing biological tissue, part of the light does not pene-
trate it, being thus reflected. The portion of light that
penetrates the tissue will be divided into one part that
will be absorbed, another that will be scattered and
yet another that will be transmitted. ’

Laser light, with its respective wavelengths, has
been studied in various areas of dentistry, such as in
cavity preparations, periodontics, bacterial reduction
in root canal, biostimulation of soft tissue, and enam-
el conditioning. Several research studies have been
conducted to establish the best parameters and irradi-
ation techniques to enable the use of laser light in dif-
ferent dental procedures. *

Lasers can be broadly classified into high-
power lasers or surgical lasers or HILT (High
Intensity Laser Treatment) which have, for exam-
ple, indications for surgery (cutting, coagulation,
cauterization) and ablation effects (cavity prepara-
tions, prevention.), and into low power lasers or
therapeutic lasers or LILT (Low Intensity Laser
Therapy), widely used for therapeutic and biostim-
ulating purposes, mainly acting as accelerators of
healing processes. "

The different types of lasers are an important
aid to professional practice in association with almost
all dental specialties. Increasing interest in laser ther-
apy by the scientific community has been noted due to
the significant number of satisfactory results obtained
with this kind of treatment.”
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LITERATURE REVIEW

For a long time the sun was the only source of
intense light known. ® The use of light, pure energy,
comes from ancient times, being known for some of
its therapeutic properties, especially for fighting
inflammation and painful processes. ’

In 1917 Einstein explained the physical princi-
ples of stimulated emission, on which the phenome-
non of laser is based. In 1960, Theodore H. Maiman
built the first ruby laser emitter. Around 1961, the first
laser surgery was performed, and in 1962 the first
laser semiconductor was developed. In 1965, Sinclair
and Knoll adapted this radiation to therapeutic prac-
tice; that same year, laser was used for the first time in
dentistry by Stern and Sognnaes. "

Laser is a device that operates based on the
phenomenon of population inversion, that is, absorp-
tion of energy so that most atoms become excited
(electrons “jump” to more distant layers of the atom-
ic nucleus). After population inversion, there must be
a return to ground state with release of twin photons
(coherent light). A similar process occurs with other
primary sources of light, such as a light bulb, which,
by Joule effect, has its energy converted into heat.
Thermal energy promotes population inversion, but
when electrons return to their stable configuration,
photons are released with no phase relation (in vari-
ous directions and with different frequencies). This
process is called spontaneous emission.

All laser equipment has three essential ele-
ments: (1) the laser medium, which can be of carbon
dioxide, argon, helium-neon, YAG, excimers, dye,
ruby and semiconductor diodes, such as gallium
arsenide and aluminum (AsGaAl), among others; (2)
the excitation source, which can be a flash lamp or an
electric arc, will cause the molecules or atoms in the
laser irradiation medium to transit from a resting to an
excited state; return to the ground state causes the
spontaneous emission of a photon and, finally, (3)
two mirrors set at the two ends of a resonating cham-
ber that reflect the light emitted back to the atoms or
molecules in the laser medium. Therefore, the interac-
tion of these three elements creates an emission of
light that, upon reaching other molecules or atoms in
the medium, eventually excites new electrons in
smaller orbits. When these electrons return to the
ground state, they release photons or new waves of
light, which will reach other atoms at rest creating a
chain reaction. "

The trend in dentistry is to incorporate less
invasive methods to minimize pain and discomfort
during and after dental treatment. Therefore, it is
believed that laser therapy is an excellent treatment
option, since it has beneficial effects for the irradiated
tissues, such as activation of microcirculation, produc-
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tion of new capillaries, and anti-inflammatory and
analgesic effects, in addition to stimulating growth
and cell regeneration. ’

O entendimento da interacao entre os lasers e
os tecidos, baseia-se principalmente no entendimento
das reacoes que podem ser induzidas nestes tecidos
pela luz laser. Cada tipo de laser resulta em luz de
comprimento de onda especifico, e cada comprimen-
to de onda reage de uma maneira diferente com cada
tecido. Outro fator importante é a densidade de ener-
gia, que é a quantidade de energia por unidade de
irea entregue aos tecidos. Temos também que consid-
erar os fatores temporais, tais como: a forma de emis-
sao de luz (continua ou pulsatil), a taxa de repeti¢ao
e a largura do pulso, para lasers de emissao pulsatil. '*"

The comprehension of the interaction between
lasers and tissues is based mainly on understanding
the reactions that can be induced in these tissues by
laser light. Each type of laser results in light of speci-
fic wavelength, and each wavelength reacts differently
with each tissue. Another important factor is energy
density, which is the amount of energy stored in a
given region of space per unit volume. We must also
consider temporal factors, such as the form of light
emission (continuous or pulsed), repetition rate and
pulse width for pulsed laser emission. """

Todavia, além dos fatores inerentes do laser
devemos observar as caracteristicas peculiares de cada
tecido, principalmente os que controlam as reagoes
moleculares e bioquimicas, como o coeficiente de
absorcao do tecido, coeficiente de espalhamento,
indice de refracao do tecido, tipos de célula, perfusio
sanguinea, conducao térmica, oxigena¢ao do tecido,
inflamacio, infec¢io ou necrose.

However, in addition to the inherent factors of
laser, we must observe the peculiar characteristics of
each tissue, especially those that control molecular
and biochemical reactions, such as tissue absorption
coefficient, scattering coefficient, refractive index of
tissue, cell types, blood perfusion, thermal conducti-
vity, tissue oxygenation, inflammation, infection or
necrosis.

Laser radiation interacts with living matter thro-
ugh the processes of optical reflection, transmission,
scattering and absorption. That is, upon reaching bio-
logical tissue, part of the light does not penetrate it,
being thus reflected. The fraction of light that penet-
rates the tissue will be divided into one part that will
be absorbed, another that will be scattered and yet
another that will be transmitted. When light is absor-
bed, the resulting energy will generate photochemical
and thermal effects, effects by photoablation, plasma-
induced ablation and also photodisruption. "

In order to have clinical effect, it is necessary
that the light be absorbed by the tissue (First Law of

Photobiology - Grotthus-Draper Law). Light that is ref-
lected, transmitted or scattered has no effect. The
absorbed energy is measured in Joules/cm ° and is
known as energy density or fluence. The absorption of
laser light depends on the amount of chromophore
present in the tissue and whether the wavelength
used corresponds to the absorption characteristics of
that chromophore. Once absorbed, light can have
three basic effects: photothermal, photochemical and
photomechanical. The photothermal effect occurs
when the chromophore absorbs energy with the cor-
responding wavelength and light energy is converted
into heat capable of destroying the target that was hit.
In the photochemical effect a chemical reaction
occurs after light is absorbed by photosensitizing
agents (endogenous or exogenous). This is the basic
principle of photodynamic therapy. Thermal expan-
sion can occur extremely fast and is capable of produ-
cing acoustic waves and photomechanical destruction
of the tissue that absorbed it. ***

The depth of penetration of laser energy in the
tissues depends on absorption and dispersion. The
dispersion of laser energy is inversely proportional to
wavelength. The longer the wavelength, the deeper
the penetration of laser energy. Wavelengths between
300 and 400 nm scatter more and penetrate less.
Wavelengths between 1000 and 1200 nm disperse less
and penetrate more. However, energy with a wave-
length in the mid- and near-infrared range of the elect-
romagnetic spectrum is superficially absorbed as the
main chromophore in this wavelength is the water
present in the tissue. *

Laser radiation has been used in surgical proce-
dures to increase the surgical benefits, improving the
clinical outcome. It offers some advantages, such as
disinfection of the surgical area, no vibration, vapori-
zation of the lesions, patient comfort, anti-inflamma-
tory and biostimulating properties, accuracy in tissue
destruction, minimal damage to adjacent tissues,
hemostatic effect, reduction of pain and swelling, ste-
rilization of the surgical area and the possibility of
microscopic and endoscopic control.

When we use laser in living tissue, we seek very
specific clinical outcomes. The cell has a specific sur-
vival threshold; this depends on the tissue where it is
located and also on its physiological state. If we use
the laser considering the survival threshold of a given
cell, we offer low energy, which will be used by the
cell to stimulate its membrane and the membranes of
its mitochondria. Therefore, we induce this cell to bio-
modulation, that is, the cell works seeking to norma-
lize the affected region. In this case laser light works
at a low power density. This type of therapy came to
be called laser therapy, which uses low level laser for
therapeutic purposes, obtaining photochemical
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effects.

Some of the lasers used in dentistry are situated
in the range of visible light (argon and some “thera-
peutic lasers”) and others in the infrared range, thus
invisible to the naked eye.

The therapeutic properties of lasers have been
studied since their discovery. The effects of their anal-
gesic properties have been particularly observed in
relation to chronic pain of various etiopathogenesis,
from peripheral receptors to the stimulation of the
central nervous system. Therefore, when laser light
interacts with cells and tissue in the appropriate dosa-
ge, certain cell functions can be stimulated, such as
stimulation of lymphocytes, activation of mast cells,
increase in mitochondrial ATP production and prolife-
ration of various cell types.

Lasers in the infra-red range, at a wavelength of
632 to 780nm, are not able to cause tissue damage
such as mutations and carcinogenesis and may be
applied to the soft tissues of the oral cavity in the fol-
lowing cases: herpes, recurrent aphthous stomatitis
(thrush), traumatic ulcers, burning mouth syndrome,
and prevention and treatment of mucositis (Figures 1
and 2). 7"

Mucositis is the most common oral complica-
tion of cancer treatment, and it may be often necessa-

FIGURE 1:
Application
of laser in
patients with
recurrent
aphthous
stomatitis

Photo courtesy
Prof.. Maria
Helena C de V
Catdao
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ry to pause or change treatment, which may influence
the prognosis of the disease. This condition is an
important cause of morbidity and even mortality in
patients undergoing antineoplastic therapy. In these
cases laser therapy provides pain relief, greater patient
comfort, control of inflammation, maintenance of
mucosal integrity and improved tissue repair. *

In herpes simplex and herpetic stomatitis, laser
is important in the viral processes that involve immu-
ne factors. Laser action in these diseases produces an
antiviral effect that is proportional to the stimulating
effect of the patient’s immune system. The best thera-
peutic response occurs in the prodromal stage and at
the time of the appearance of vesicles. Laser radiation
can weaken the microorganism, reducing symptoms,
slowing progression of the disease and preventing
recurrence of lesions in the same sites. Dosage should
not be less than 4J/cm 2 to prevent viral proliferation.
The maximum energy per session should be 20], 2 to
3 daily applications until the full healing of vesicles, as
shown in Figure 3. >

The analgesic and anti-inflammatory action of
laser light is considered an adjunct and not a definiti-
ve treatment, especially in patients with temporoman-
dibular disorders (Figure 4). The therapeutic effects of
lasers in the body are an alternative method in the tre-
atment of teeth and soft tissue trauma, providing grea-
ter comfort to the patient shortly after dental trauma. ™’

Low-level intensity lasers (LLIT) or low-power
lasers (LPL) can also be used to diagnose cavities with
a laser that identifies optical behavioral differences
between healthy and decayed tissue, to stimulate the
formation of reparative dentin, to reduce dentin sen-

FIGURE 2:
Patient with
burning mouth
syndrome

Photo courtesy
Prof.. Maria
Helena C de V
Catdo
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FIGURE 3: Application of red laser (AsGaAl) 4J/cm 2 in each of the five points (according to the scheme) in a patient with herpes labialis in

the vesicular phase, resulting in healing of the lesion after four days

Photo courtesy Prof.. Maria Helena C de V Catdao

sitivity and pain in cases of hyperemia, to aid in anest-
hesia in cases of severe pulpitis, to promote faster
bone repair in the periapical region and less bleeding
and edema in cases of gingivitis and periodontitis, and
to reduce painful symptoms in burning mouth synd-
rome, alveolitis, temporomandibular disorders
(TMD), and mucositis and pericoronitis. *'"**

The use of low intensity laser in pericoronitis
benefits the patients in terms of pain relief, reducing
their symptoms. It also helps to control inflammation
and reduce edema, often with no need for systemic
medication due to the therapeutic effects of laser (
Figure 5). *'*

Laser at a very high level of energy to the point
that this energy is transformed into heat damage and
exceeds the survival threshold of the cell, leading to
lysis and consequently cell death, is called surgical

FIGURE 4:
i Patient with
| temporo-
mandibular
disorder

Photo courtesy
Prof.. Maria
Helena C de V
Catdao

laser or HILT. °

Surgical laser acts on the target tissue. The
effects of these actions can be divided into photother-
mal (coagulates, carbonizes, and vaporizes), phooto-
mechanical acoustic (cuts with precision), photoabla-
tive (destroys to disrupt) and photoionizing (DNA
breakage). "

Laser therapy has been used for over 30 years
and over 90% of the available literature reports positi-
ve effects. However, unfavorable results can occur due

FIGURE 5:
Application
of AsGaAl
laser
(630nm) in a
patient with
pericoronitis

Photo courtesy
Prof. Maria
Helena C de V
Catdo
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to the use of low or high doses, misdiagnosis, insuf-
ficient number of sessions, and lack of standardiza-
tion of the frequency of applications. In fact, the con-
secration of laser as a therapy requires knowledge of
the energy used, investigation of the effects it produ-
ces in the body and the employment of a correct
methodology. ’
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