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Abstract

This study aimed to understand the use of low level laser in the regeneration
of injured tissues. Also to design our own opinion on the subject, as chemists.
Laser is nothing more than a light with very special characteristics that grant
it therapeutic properties. We can observe the existence of three different types
of laser, being one of them the therapeutic laser, which is used in substitution
for medications or along with them. Another type of laser is the surgical one
and, in addition to these, there is a diagnostic type. A great advantage is that,
instead of taking the medicine, the patient’s own body can be activated by the
laser to produce certain substances that can often replace the drugs. This is a
literature review emphasizing the use of low level laser. Thus, the reflections
from this study can contribute to the amplification of the production of
knowledge that aims at the resignification of the use of laser in therapy.
Greater attention was given to two types of laser radiation: He-Ne and As-Ga,
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both presenting a high therapeutic potential in superficial and deep injures.
However, the He-Ne laser excels in superficial lesions, whereas the As-Ga la-
ser does so in deep injures, such as articular, muscular, etc.
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1. Introduction

As science has advanced over the last decades, laser has become a great pioneer
and ally of medicine, since it has a great effectiveness in most treatments it is
used, with an emphasis on regeneration of injured tissues [1] [2].

One of its major advantages is that, instead of taking the medicine, the pa-
tient’s own body can be activated by the laser to produce certain substances that
can often replace the drugs [3] [4] [5]. The main objective of this paper is to
demonstrate the low level laser performance in injured tissue regeneration em-
phasizing the chemical properties and the differences between the different types
of laser. We’ll present the device properties, the kinds of radiation, the interac-
tion between this radiation and molecular and cell structures and of the human
body and the physiological effects that occur in these tissues, so that the reader
can understand how laser operates in injured tissues [4] [6].

This paper is the result of a literature research that indicates to the reader the
scientific treatment for the investigated phenomenon, according to the various
theoretical frameworks [5]. It includes the definition and contrast of concepts,
the mention of other papers already done on the subject and the theory that
supports it. We point, throughout the text, the theoretical limitations of scientif-
ic knowledge developed so far on the phenomenon investigated. We hope this
study contributes beyond the reflection on concepts and theories on laser [4] [7].
It is extremely important to stir in future researchers the interest in a topic as

complex and important for humanity [8].

2. A Little Bit of History

Back in 1900, Planck found that light, or any radiation, could only be beamed in
“packages” or “quanta”—hence the name Quantum Mechanics—that is, light is
a “particle (or photon) stream”. This fact was proven by Einstein through the
theory of the photoelectric effect, in which, in 1917, he presented the physical
principles of Stimulated Emission, upon which the laser phenomenon is sup-
ported [5] [6].

In 1960, a new word, laser, an acronym for Light Amplification by Stimulated
Emission of Radiation, was added to the vocabulary. This invention was based
on a variety of ideas and facts that originated in different branches of Physics

and Engineering, but mainly in phenomena of Atomic and Molecular Physics

DOI: 10.4236/jbm.2021.93007

56 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.93007
http://creativecommons.org/licenses/by/4.0/

M. V. de Mello Pinto et al.

that can not be explained by Classical Physics. It was the application of Einstein’s
Quantum Mechanics to Electronics which allowed the blossoming of what we
call Quantum Electronics, a field that has developed after World War II and
which led to the discovery of many devices, starting with the transistor in the
‘40s, culminating in the discovery of the laser in the ‘60s [8].

In the late ‘40s, early ‘50s, Charles Townes, a professor at Columbia University
in New York at the time, was running spectroscopic studies of molecules using
microwave radiation. He intended to produce microwaves shorter than those
used in radars of World War II, and had the idea of using molecules and their
stimulated radiation (concept introduced by Einstein in 1917). He and his col-
leagues were successful, producing stimulated radiation of 1 cm wavelength,
which was named maser, referring to stimulated radiation in the microwave re-
gion. The maser was, therefore, the precursor of laser. At the end of the ‘50s, it
was realized that these studies could be extended to the spectral range that goes
from the microwave to the visible light. Again, Townes and his colleague Arthur
Schawlow were able to prove theoretically that it was possible to use atoms to
generate an optical maser, which was called Laser, that is, a maser that produces
radiation in the visible region of the electromagnetic spectrum, which we know
by light. Then, only in 1950, Townes et a/ managed to build an oscillator oper-
ating in the millimeter wave band; it was the first master [9].

In 1958, Townes et al demonstrated the possibility to build a laser. This theo-
retical proof was ensured in practice in 1960 by Maiman, who was the first to
compound a ruby laser emitter (first solid laser). And Javan was the first to pro-
duce the laser gas, from a mixture of Helium and Neon. According to a data col-
lection made by Rodrigues et al, (1998), in 1961 at the Presbyterian Hospital in
New York, the first laser surgery was held successfully: the removal of a small re-
tinal tumor. Since this and other surgical experiments, it was evident that laser
stimulates accelerated healing [9] [10].

In 1962, the first semiconductor laser was developed. Two years later, it was
the time for gas laser and the first molecular carbon dioxide laser. In 1965, Sin-
clair et al adapted laser radiation to therapeutic practice [2] [11] [12]. During
their research noted that the treatment of various types of chronic ulcer was the
first application of low intensity laser tested in humans during the late ‘60s and
early 70s, when sources of He-Ne and doses up to 4j/cm’ were used. Based on
the success achieved in these first studies, in terms of faster healing and pain re-
duction, the modality grew popular in this application. Founded on the work of
Mester in animals and patients, the subsequent decade witnessed the promotion
of irradiation by He-Ne laser as the treatment of choice for a number of disord-
ers. The diffusion of small and compact laser emitting photodiodes promoted an
upsurge in the use of this therapy which is known in the Western world as low
level or low intensity laser therapy [13] [14].

Second, Rodrigues et al, 1998, Strictly with the so-called scientific-technological
revolution, it was shown that this therapeutic approach should not be applied
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without deep understanding of biophysical phenomena that enable and trigger
the effects of therapy [15].

3. What Laser Is

Laser is an acronym for Light Amplification by Stimulated Emission of Radia-
ton.

Laser consists of a coherent beam of light that focuses on a small well-defined
area. There is virtually no dispersion—scattering—in this beam, unlike a lamp,
whose light rays are spread covering a comprehensive area. Any substance with-
in that ray evaporates instantly. Briefly, laser works as follows (Figure 1): When
an atom is excited enough to reach its last valence shell (its excited state or me-
tastable level) it leaves its gap—its place of origin—empty, and in returning to
this gap (not necessarily the same electron) emits electromagnetic radiation [15].

The time frame in which the electron remains out of its gap may vary and this
is the time that determines the energy dispersion, that is, the longer the electron

is out, the lesser its dispersion will be [1].

4. Characteristics of Laser Radiation

Laser means Light Amplification by Stimulated Emission of Radiation. The laser
beams are produced by a mixture of helium/neon (6328 nm). The mixture he-
lium/neon produces a red light and the infrared mixture does not produce light.
In order to describe a laser light, we must measure the wavelength in nanome-
ters, the total pulse duration, the repetition rate and total exposure time, the in-
tensity of energy and power in joules per square centimeter and irradiation in
watts per square centimeter.

The monochromaticity causes the laser beam to be absorbed by a single color;
for instance: a red beam (He/Ne) is absorbed by red areas of the body such as
the capillaries [9]. It permeates the cutaneous and subcutaneous structure with-
out being absorbed by it and without communicating its energy, which will be
communicated only in the capillaries. In turn, the intensity of the biological
reaction depends on the wavelength reabsorption, reflection and transmission;

also on energy density, exposure time and blood flow [16].

>

Durante

Figure 1. Region of amputation of metatarsus in left lower limb, a result of using this pa-
tient was treated with the scar acceleration methodology, M.A.C, using monodoses of
lasers, photo provided by the Celulare Institute, Itaipava, Petropolis, R] Brazil.
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The radiation generated by the laser devices for therapeutic use differs from

the radiation generated by other sources (e.g., infrared lamps) in three aspects:

4.1. Monochromaticity

The light produced by a laser is monochromatic, that is, it has a single color.
Most of the radiation emitted by the therapeutic device is grouped around a sin-
gle wavelength, with a very limited range of waveband. In contrast, the light
generated by other sources is formed by a wide range of wavelengths, sometimes
ranging from the ultraviolet to the infrared, resulting in the sensation of white
light, when the light collides with the retina of a human observer. The wave-
length is a critical factor in determining the therapeutic effects produced by laser
treatments, since this parameter determines which specific biomolecules absorb
the incident radiation and, therefore, the photobiological interaction underlying

any particular therapeutic effect [16].

4.2, Collimation

In laser light, the beams or photons produced by the laser device are, for all
practical purposes, parallel; any divergence in the emitted radiation along the
distance covered is practically nonexistent. This property holds the optical pow-
er of the device bundled in a relatively small area over considerable distances

and, to some extent, even during the path through the tissue [2].

4.3. Spatial Coherence

Laser obeys the laws of Physics. Specific substances are electrically stimulated to

emit radiations that produce higher levels of energy [2].

4.4. Coherence

The light emitted by laser devices is also in phase and thus, along with the two
unique properties outlined above, the troughs and peaks of the emitted light
waves fit perfectly in time (temporal coherence) and space (spatial coherence)

[6].

5. Mechanism of Action and Effects of Laser Radiation

5.1. Studies on the Action of Laser Radiation

For laser radiation to have any effect on the human bodys, it has to be absorbed;

that is, an interaction between this radiation and the molecular and cellular

structures of the human body has to occur [2]. This point seems extremely ob-
vious, but there lie some complex issues:

- People are very different from each other. They have different quantities of
absorbing molecules and, moreover, the spatial arrangement of these absorp-
tion elements, which is as important as their amounts, also varies greatly
from person to person.

- Even if we consider a single person we will observe that different regions of
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the body have different quantities of absorbing molecules and the spatial ar-
rangement thereof also varies.

Considering the above, we can easily establish a pattern of electromagnetic
waves behavior striking the human body. Each subject has a specific way to react
to these stimuli. Such responses vary to the extent to which personal differences
and the different regions of the body of an individual are considered.

Mester, a pioneer in the use of low level laser, evidenced numerous theoretical
aspects in his studies, including:

- By observing the results of laser applications in electron microscopy healing
process, he pointed that there was an increase in fibroblasts, collagen fibers,
corpusculos intracelulares do tipo lisossoma and intracellular vesicles.

- Verified, via histochemical means, the following reactions in the wound

healing processes in female rats in which there were ratas.

5.2. Laser Penetration and Absorption

Factors such individual differences, part of the body treated or even details on
the laser application form may interfere significantly in the penetration and ab-
sorption of laser, causing variations from person to person. Even in a single in-
dividual, different body areas contain a greater or lesser amount of absorbent
structures (Pinto et al, 2011). Within the same individual, the amount of ab-
sorbed radiation may vary according to the irradiated body region. Also, a black
patient would absorb more radiation than a white one, for instance, due to the
greater amount of pigments. It also seems that the nutritional state of the indi-
vidual has the ability to interfere in the quantity of absorbed radiation [2] [6] [7]
[11].

5.3. Laser Radiation Action and Effects

Firstly, the differences between action and effects, concepts often confused and
taken as one, must be pointed out [2].
- Action: Form of interaction with the body.
- Effects: Consequences of this interaction.

In the case of laser radiation, the form of interaction with the body (action) is
basically the incorporation of the energy input contained in the beam.

As a result of this interaction, we can list:

Primary effects of laser radiation:

The primary effects of level laser radiation are divided into biochemical, bio-
electric and bioenergetic.
- Biochemical effect:

Essentially, the biochemical effects of laser radiation include:

Release of preformed substances:

As a result of the incorporation of laser radiation, the release of preformed
substances such as histamine, serotonin and bradykinin takes place.

We outline no references to the production of these substances, only to the

release of part of the contingent already produced.

DOI: 10.4236/jbm.2021.93007

60 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.93007

M. V. de Mello Pinto et al.

Change in enzymatic relations. The incorporation of laser radiation energy
input provides stimulatory or inhibitory changes in normal enzymatic reactions,
such as the production of ATP (adenosine triphosphate) and prostaglandins
synthesis.

Another important biochemical effect of laser radiation is the increased, a fact
which determines important advantages in therapeutic effects [2] [6] [7] [16].

- Bioelectric effect

The interior of cells is electrically negative as compared to the cell exterior.
This difference in potential is due to the presence of different concentrations of
positive or negative ions inside or outside the cell [2] [6]. The biochemical effect
occurs through a cascade of photobiological events that directly modify the cel-
lular pathological state.

Considering this electrical and concentration gradient, there is a natural ten-
dency to neutralization by diffusion, which is not complete only because of a
mechanism called sodium-potassium pump [14].

The sodium-potassium pump constantly works against the existing electrical
and concentration gradients, consuming, for this energy from ATP. Thus, the
difference in electrical potential between the cell interior and exterior is main-
tained more efficiently.

Therefore, the bioelectric effect of laser radiation comes down to the main-
tenance of membrane potential [6].

It is also possible to conclude that the maintenance of membrane potential is

favored by laser radiation from the direct interference on ion mobility [1] [2].

6. Conclusion

This study aimed to demonstrate the low level laser performance in the regene-
ration of damaged tissues. At first, there was a need to outline device properties,
kinds of radiation, the interaction of this radiation with molecular and cellular
structures of the human body and the physiological effects in such tissues, so
that the reader can understand how laser works and performs in injured tissues.
Secondly, many papers have provided very important information regarding the
proposed theme, in which results of experimental studies have demonstrated
numerous benefits in using low level laser in injured tissues, favoring a major
breakthrough in clinical practice in several areas, such as: traumatic orthopedic
(post-traumatic processes), dermatologic (decubitus ulcers, burns and wounds),
rheumatologic (rheumatoid arthritis), neurological (postherpetic neuralgia, scia-
tic neuralgia, clonus and activity in the sympathetic nervous system) and others,
not being unanimous as there were results (though outnumbered) showing that
these beneficial effects did not occur. This fact can be explained by the great li-
mitation of regeneration of biological tissues injured in humans compared to the
experimental animals. If we bear in mind the ideal means to use laser (as wave-
length, waveform, intensity, polarity, coherence and dosage) and the choice of

the program regarding: correct laser type, duration and number of sessions, fea-
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tures of the tissue to be irradiated and respect the organic state of each individu-
al, a faster tissue regeneration can be obtained by accelerating the collagen syn-
thesis and cellular metabolism, facilitating the clinical process, given the fact that
when laser is introduced in a therapeutic conduct, the results achieved are gen-

erally favorable.
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