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RESUMO | INTRODUGAO: O tratamento de vitimas de queima-
dura é desafiador pela gravidade da prépria leséo e das com-
plicagdes que podem ocorrer durante o processo de cicatriza-
¢do. A fisioterapia dermatofuncional tem atuagdo no tratamento
de cicatrizes, utilizando de terapias para acelerar o processo ci-
catricial e recuperagdo funcional adequada. O diodo emissor de
luz ou LED tem sido descrita como uma possibilidade terapéutica
valiosa para fisioterapia com o intuito de reduzir complicagdes
funcionais e estéticas em processos cicatriciais de individuos quei-
mados. OBJETIVOS: Revisar a literatura acerca da utilizagéo
da luz LED e seus efeitos na cicatrizagdo tecidual na lesdo por
queimadura. MATERIAIS E METODOS: Trata-se de uma reviséo
sistemdtica da literatura, realizada no més de agosto de 2017,
utilizando as bases de dados Bireme, PubMed e PeDro, baseado
nos critérios PRISMA. Foram incluidos no estudo os artigos que
abordassem a utilizagéio do LED na cicatrizagéo especifica de
queimaduras, publicados nos Gltimos cinco anos (2012 -2017),
nos idiomas inglés e portugués. Os critérios de exclusdo foram
artigos que abordaram o uso do LED na cicatrizagdo tecidual em
geral. A selecdo dos artigos foi realizada por dois autores, néo
havendo consenso entre ambos, um terceiro autor seria convoca-
do, o que ndo foi necessdrio nesta busca. RESULTADOS: Foram
encontrados 1.029 artigos na busca, destes foram incluidos 04
artigos, que abordaram a utilizagéo do LED na cicatrizagdo es-
pecifica de queimaduras publicados de 2012 a 2017. Todos
os estudos encontraram melhoras do processo cicatricial com uso
do LED, mesmo sendo utilizados comprimentos de onda distintos
nos trabalhos analisados. CONCLUSAO: A utilizagdo do LED no
tratamento de queimaduras demonstrou favorecer o processo
de cicatrizagéo tecidual em animais e melhorar os aspectos his-
tolégicos nos tecidos tratados, porém ainda pouco utilizado na
Fisioterapia.

PALAVRAS-CHAVE: Fisioterapia. Fototerapia. Queimaduras.
Laser de diodo.

ABSTRACT | INTRODUCTION: The treatment of burn victims
is challenging because of the severity of the lesion itself and
the complications that may occur during the healing process.
Dermatofunctional physiotherapy works in the treatment of scars,
using therapies to accelerate the cicatricial process and adequate
functional recovery. The light emitting diode or LED has been
described as a valuable therapeutic possibility for physiotherapy
with the aim of reducing functional and aesthetic complications
in the cicatricial processes of burned individuals. OBJECTIVES:
To review the literature on the use of LED light and its effects
on tissue healing in burn injury. MATERIALS AND METHODS:
This is a systematic review of the literature, conducted in August
2017, using the Bireme, PubMed and PeDro databases, based on
PRISMA criteria. The study included articles that addressed the
use of LED in the specific healing of burns, published in the last five
years (2012 -2017), in the English and Portuguese languages.
The exclusion criteria were articles that addressed the use of LED
in tissue healing in general. The selection of articles was carried
out by two authors, and there was no consensus between the two,
a third author would be called, which was not necessary in this
search. RESULTS: A total of 1,029 articles were found in the
search, of which 04 articles were included, which addressed the
use of LEDs in the specific cicatrization of burns published from
2012 to 2017. All studies found improvements of the cicatricial
process using LED, even though different wavelengths were used
in the analyzed works. CONCLUSION: The use of LED in the
treatment of burns has favored the healing process in animals
and improve the histological aspects in the treated tissues, but still
little used in physiotherapy.
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Introduction

The treatment of burn victims is challenging both for
the severity of the injury itself and for the complications
that may occur during the healing process, which
tends to occur in an anarchic way and with great
potential for sequelael. These can lead to severe
functional and aesthetic impairments in the long
term?? as in the development of hypertrophic scars,
keloids, and soft and / or articular contractures®.

Tissue repair involves complex processes associated
with factors that can lead to difficulties in healing
and result in important dysfunctions and sequelae,
functionally impacting people's lives®. Dermatologic-
functional physiotherapy has a role in the treatment
of post-burn scars, using therapies to accelerate the
cicatricle process and adequate functional recovery
of injured tissue®.

Therapies that use less invasive, non-medicated
procedures that promote reduction of complications,
improve aesthetics and minimize scarring deformities
after injury have been the subject of studies, such as
Light Emitting Diode or LED72, lts applicability has
been studied in recent years to obtain positive bio
modulators results in tissue healing®®?.

The LED has been described as a valuable therapeutic
possibility for physiotherapy with the aim of reducing
functional and aesthetic complications in cicatricle
processes®, including individuals who are victims of
burnsé. This is because LED light is used as a non-
coherent source of light, presenting a mechanism of
action similar to low power laser (LPL), making it a
cheaper possibility in clinical practice when seeking
improvement in cicatricle processes®”’.

Moura et al.® in a systematic review (2014) on the
effects of LED light on wound healing have described
from other authors that the emission of light by diodes
acts favoring the increase of cellular proliferation,
stimulating the local circulation, contributing to
improve the production and deposition of collagen
fibers, consequently improving the aesthetics of the
scar, reducing the pain symptom and stimulating the
local vascularization.

Studies®*®1%!" have been carried out to obtain
more information about photo-bio modulator effects
through the irradiation of LED light. However, there
is a shortage of studies on the healing of burn in
human tissues''. Although the literature presents
information on the action mechanism of light emitting
from diodes, which indicate positive stimulation in
the cicatricle process, the application of LED as a
therapeutic possibility in the burn should be studied
and its effects clarified, so that the use of this
resource optimizes the physiotherapeutic approach
in the treatment of injuries in burn patients, ensuring
improvement of skin healing and reducing the
risks for the development of motor and functional
sequelae.

Thus, the objective of the present study was to review
the literature on the use of LED light and its effects
on tissue healing of burn injuries.

Materials and methods

The study consisted of a systematic review of the
literature, conducted in August 2017 using the Bireme,
PubMed and PeDro databases, with the English
descriptors "burn", "LED", "LED light" ; "Physical
therapy", combined with each other, two by two in
the databases through the Boolean operator AND.

The study included articles that addressed the use
of LED in the specific healing of burns, published in
the last five years (2012 -2017), in the English and
Portuguese languages. The exclusion criteria were
articles that addressed the use of LED in tissue healing
in general. The selection of articles was carried out
by two authors, and there was no consensus between
the two, a third author would be called, which was
not necessary in this search.

This study followed the recommendation PRISMA
(Preferred Reporting ltems for Systematic Reviews
and Meta-Analysis), used to assist in the construction
of systematic reviews and meta-analyzes'? In
order to maximize the evaluation and use of the
information presented by the studies, was used
Guideline ARRIVE (Animals in Research: Reporting In
Vivo Experiment)'.
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Results

Through the initial search in the databases, 1,029 articles were found. Of these, only four articles considered

the inclusion criteria after all stages of selection and refinement of search according to the flowchart of figure 1,

based on the model PRISMA'2.

Figure 1. Flowchart of the different phases of the systematic review conducted in August 2017 on the action of LED light in the burn healing
(Adapted from PRISMA, 2009) '2

Thus, two studies comparing the effects of LEDs
associated with other therapeutic resources used
for burn healing and performing a clinical and
histological analysis of the lesions were used'*'.
One study evaluated the clinical cicatrization through
digital photography'> and another one analyzed
histologically the lesions by burns'®.

The total number of animals used in all the articles
was 195 animals, all rodents. Two studies'* 7

used to cause the injury iron bar heated by direct
flame for 40 seconds and, applied in the animals
for 20 seconds causing complete destruction of the
epidermis and dermis, characterizing a third-degree
burn. One publication'é cites the use of the fractional
ablative CO2 laser and another'* using a copper
plate at 100° C for 10 seconds, the synthesis of the
included works is in the Table 1.
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Discussion

Allthe studiesincluded in this review were experimental
1417 and suggest that the application of LED
in the healing of burns contributed to the process
of tissue repair with anti-inflammatory photo bio

modulator action in animals.

studies

Catéo et al.'” used the green LED to treat burn

in rats and noticed a reduction in the number of
inflammatory cells after the 7th day of application.
In a similar study, Meyer et al.'”® evaluated the
effects of green and red LEDs on the healing of
cutaneous wounds in rats after lesion caused by a
surgical incision of 2cm?2 on the backs of animals.The
authors observed that the group treated with green
LED presented a moderate number of inflammatory
cells in the acute inflammation, but in the chronic
inflammation there were more inflammatory cells in
the granulation tissue when compared to the control
group and moderate collagen deposition. The red
LED treatment group showed more developed
granulation tissue, higher amount of collagen and
fewer inflammatory cells compared to the group
treated with green LED. The study by Meyer et al18
concludes that the application of the green LED
favored anti-inflammatory effects, however, the red
LED was more effective than the green LED, type of
LED light used by Catdo et al.'”.

In particular, Catéo et al.'"” evaluated burn injuries,
while Meyer et al.'® evaluated surgical wounds.
However, the tissue healing process follows the same
phases for both types of lesion. Another difference
between the studies is the time of application of the
LED effect, where the first LED applied immediately
after the burn and followed until the 21st day, while
Meyer et al18 applied the LED 24 hours after the
injury and evaluated until the 7th day of healing.
However, in both studies there was a reduction in the
number of inflammatory cells after application of
the green LED.

The literature describes the anti-inflammatory action
of LED as a positive effect in relation to the cicatricle
process'”'?. Where satisfactory results are obtained
in scars by second intention'” as in the case of burn
injuries'. However, in a comparative study, Souza et
al.? used the green (530 nm), blue (460 nm) and
red (700 nm) and red and infrared low power laser

(LLLT), to compare the effects of these features on
the angiogenesis of cutaneous wounds in rodents.
The authors reported that the groups treated with
green and red LEDs showed a significant increase in
angiogenesis compared to the red laser. However,
there was no difference between the blue LED group
and the control group. Although this is an important
aspect in scar repair, none of the authors included in
this review evaluated angiogenesis after using LED
on burns.

Of the analyzed articles, the work elaborated by
Lee and Kim'é, carried out evaluation only from the
clinical point of view. The authors noticed that the
animals treated with the LED 830 nm showed more
advanced healing when the lesions by burn were
evaluated clinically through digital photography,
suggesting a systemic influence on the LED
application. The authors did not perform histological
or biochemical analysis that could substantiate the
clinical results.

Similarly to Lee and Kim'é, but performed in human,
Ferreira, Fronza and Prado®, in a study to evaluate
the efficacy of the use of laser associated with
LED in the treatment of sequelae in the hands of
a burn victim patient, used the red LED (632 nm)
and the infrared LED (850 nm) associated with
the high power laser and perceived improvement
in skin appearance and hydration in the treated
region. The authors also used digital photography
to evaluate the effects of treatment and a scale
that analyzed color, texture, hydration, tissue
irregularities, volume and distensibility of the skin.
The laser and LED application protocol used by the
authors was composed of eight sessions, 2 times a
week, performing only one initial session of fractured
erbium laser, for 5 minutes, to remove tissue scarring
|, followed by photo modulation of the red and
infrared LEDs for 15 minutes, with a 48-hour interval
between applications. Although different from the
work of Lee and Kim'® regarding the parameters of
the LED and the fact of the latter they apply the
infrared LED in only three sessions during a total
treatment of six days, both authors found favorable
results for this therapy.

The clinical evaluation of healing addresses
subjective aspects of the evaluator. The use of
standardized and scientifically validated instruments

J. Physiother. Res., Salvador, 2019 February;9(1):108-119
Doi: 10.17267/2238-2704rpf.v9i1.2114 | ISSN: 2238-2704

y


http://dx.doi.org/10.17267/2238-2704rpf.v9i1.2114

with objective observation favors the reproducibility
of the research and verification of the results of
the visual observation of the researchers?. The
International Scale of Healing in Vancouver is used
for clinical evaluation of scars and is suggested in
the literature as a valid and reliable instrument for
scar evaluation also in burn patients®.

A useful and low-cost tool, developed to evaluate
the functional and aesthetic aspects of the
scar, composed of four items to be evaluated
pigmentation, vascularity, flexibility and height.
The final score varies from O to 13, being the
lowest score corresponding to a better result of
regeneration and tissue healing. The use of a specific
instrument to evaluate the healing process helps
to plan the treatment and minimizes complications
due to burns?? favoring a standardization of the
cicatricle evaluation, increasing the reliability of
this evaluation and allowing the comparison of the
results and reproducibility of the research?'.

The LED besides favoring the tissue repair, seems to
avoid or minimize the development of hypertrophic
or keloid scars. Barolete and Boucher??, in a case
study, used the infrared LED (805 nm) for the cicatricle
treatment of three patients with hypertrophic and
keloid scars. The LED was applied daily for 15
minutes by the patients at their home for 30 days.
There was improvement in the appearance, height,
and scar gravity of the scar through the Vancouver
International Scale of Healing.

Silveira et al.'® carried out an experimental study
to investigate the alterations of inflammatory
mediators and oxidative stress in burn healing
after treatment with low power laser and the LED,
reporting improvement in tissue healing in the groups
treated with LEDs 632 and 850 nm and in the laser
group 660 nm, with improvement of the tissue
organization in the treatment with LED 632 nm, with
the groups treated with LEDs 850 nm and laser 660
nm promoted a significant reduction in oxidative
stress. The authors conclude that laser and LED
applications can reduce the inflammatory response
in the burn, by activating IL-6, blocking the effects of
reactive oxygen species and allowing stimulation for
the tissue repair process.

The exposure of cells to LPL increases cellular
activities and generates therapeutic effects,
favoring the acceleration of the cicatricial process,
besides analgesia, after the use of red and infrared
light*. The biostimulatory effects of laser and LED
phototherapy depend on the parameters used, due
to the specific characteristics of the intracellular
photoreceptors, which are responsible for the
absorption of light, generating varying effects on
each irradiated tissue'”.

Corroborating the results of Silveira et al.'®, where
laser and LED favored tissue healing, inducing
reduction of oxidative damage, Barolete'?, Freitas
and Hamblim?®, describe that the mechanisms
involved in the difficulty of wound healing seem to
be related to the increase of oxidative stress, as this
impairs tissue repair. In addition, irradiation with
LPL points for other anti-inflammatory effects with
stimulation in the proliferation of fibroblasts, also
favoring cicatrization?®.

In this way, photo bio modulation acts by inducing
intracellular photochemical reactions, which modify
the oxidative stress of the cell favoring the positive
response during the process of injury repair?,
besides stimulating the production of growth factors
in damaged cells?.

Catdo et al.'” carried out a comparative study
between red, infrared, LED and photodynamic
therapy (PDT) in the healing process of burns, and
evaluated cicatricle retraction, water and food
consumption, inflammatory infiltrate, synthesis
and organization of collagen in the period of
21 days of treatment, performing clinical and
histomorphological analysis in the 3rd, 7th, 14th
and 21st days. the researchers found that up to
the 14th day all treated groups had a higher rate
of wound retraction when compared to the control
group. However, on the 21st day, the group treated
with infrared showed a greater cicatricle retraction.
The authors stated that the groups treated with red
and infrared laser presented better results in scar
retraction compared to the other groups, including
better results than those obtained using LED.

With respect to inflammatory infiltrate and
collagen production, on the 14th day there was
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presence of neutrophils, lymphocytes and superficial
macrophages, with granulation tissue composed
of thick collagen and newly formed vessels, with
indication of reepithelialization.There was higher
collagen production in the group treated with
infrared, in which on the 14th day there was
predominance of type | fiber in 60% of the animals
in the intervention groups and in the control group in
20% of the animals.

Regardless of the morphological and organizational
aspects, there was no variation in the description of
these fibers which were corrugated, thin, shortened
and in a reticular pattern.These observed aspects
improved in the analysis of the 21st day for the
group of infrared laser and LED.However, from the
statistical point of view, the area of collagenization
from LED induction, obtained a significant difference
at 21 days in relation to the control group, and no
difference was observed with the other treatments.
It is important to note that the authors describe the
benefits of LED application in the healing process
of burns, although they have found better results
associated with red and infrared laser.

In this study, Catdo et al.' concluded that infrared
and red laser presented better results in cicatricial
retraction, however, regarding the inflammatory
infiltrate, the authors did not compare the treated
groups, only reported the presence of the cells
found on the days of analysis. However, through the
presented results it is possible to notice that there
was an adequate presence of inflammatory cells.

Phototherapy or photobiomodulation is used by
radiation to alter biological activity?®, through the LPL
used by LLLT laser therapy and light-emitting diodes,
LEDs, used to stimulate tissue healing”'82425% qgs well
as for anti-inflammatory and analgesic therapeutic
effects?.

The authors did not report information on analgesia
and pain. This may be justified by the fact that the
studies deal with animal evaluations. However, a
case report on the use of LED for the treatment of
venous ulcer in the elderly, with application of 2
times a week for 20 minutes, brought improvement
of cicatrization and analgesia®®. Although a study
may be considered limited in the evaluation of this
symptom, however, it may be suggested that similar

results are obtained through LED therapy in terms of
analgesia.

The literature describes that the LPL can use
wavelengths between 600 and 1100 nm, applied
through LLLT and LED?°. No entanto, existem autores
que apresentam possibilidades de comprimento de
onda a partir de 390 — 600nm, used for superficial
tissues, and between 600-1100nm for deep tissues?.
However, there is a consensus in the literature
regarding the wavelength between 700-780nm
has limited biochemical activity, and is therefore not
frequently indicated'??4?5, The possibilities for using
the LED include the light blue (400-470nm), green
(470-550 nm), red (630nm-700nm) and infrared
(700-1200nmm). In which, the longer the wavelength,
the deeper the penetration of light into the tissue'”.
In the articles analyzed in this work, the wavelengths
ranged from 520 nm to 850 nm, corresponding to
the light spectrum of the green and infrared LEDs.
The green LED was suggested for anti-inflammatory
effects on burn'® and the infrared LED acting on the
cicatricial improvement of the lesions'* ',

The LED converts electrical energy into light, emitting a
narrow and non-coherent spectrum with wavelengths
that range from visible light to infrared'. The
emitted energy is absorbed by chromophores or
photoreceptors, intracellular components that absorb
light and are responsible for the photochemical
effects that generate therapeutic responses'®?. The
chromophores or photoreceptors are located within
the mitochondria and plasma membranes, stimulating
intracellular processes?’. The absorption of energy
generates an increase in the enzymatic activity, which
mediates the transport of electrons, generates a
cascade of events, which alter intracellular signaling
and alter transcription factors related to cell
proliferation, tissue repair and regeneration?*2>,

In a review of the literature on the effects of laser
and LED on wound healing, Chaves et al.??, reports
that both resources promote similar therapeutic
effects, acting in the reduction of inflammatory
cells, increased fibroblast proliferation and collagen
synthesis, stimulating angiogenesis and formation
of granulation tissue. Confirming what other
comparative studies have highlighted about these
resources, where both have similar results in the
healing of cutaneous wounds 2028 31,
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However, the costs generated by the difficulty
of healing in some individuals require the search
for low-cost alternatives®'*? and LED has been
described as an alternative for laser therapy®3':.
In the case of LED use, there is no concern about the
risk of eye damage such as blindness, related to its
applicability?, being considered an easy and safe
handling equipment®!, which can make it feasible to
apply it to the less favored population?® and even
be used at home by the patient himself without the
need for supervision?. There are no reports in the
literature of negative effects on the use of light
emitting diodes, as well as no contraindications to
the LED. However, there should be caution in the
application of this resource in epileptic patients or
with photophobia'®.

It is known that there is an ideal specific dose for the
clinical application of light**, because the effects on
biological tissues depend on the wavelength, amount
and time of application, considering the interval of
application and number of sessions'®. It is important
to know the therapy to better indicate it.

The use of diversified parameters related to the
wavelength, irradiation time and power of the LED,
described for the treatment of burn injuries in animals
by the studies analyzed in this review, made it difficult
to compare them and indicate an ideal protocol. In
addition, the literature presents few studies aimed
at the application of LED in the cicatricle process
of burns in humans, making it difficult to establish a
protocol for the use of LED in the healing of burns.

Considering also that the tissue repair of the
human skin presents more complex mechanisms of
regeneration compared to experimental animals,
requires that in vivo studies should be performed
to allow the standardization of specific therapeutic
parameters for clinical use of LED in healing>%.
Based on the above, it can be considered that LED
therapy in the treatment of skin burns seems to
be well indicated. Few studies have brought the
evaluation of this therapeutic resource in the context
of tissue healing of burns, but the articles included in
this review presented satisfactory results for LED use.

Regardless of this, all the studies presented limitations
in their methodologies, concerning the number of
the sample, type of clinical and / or histological

evaluation performed. Thus, the production of
greater scientific knowledge about the use of LED,
in particular in the repair of burn wounds, should
be encouraged, aiming at the use of this resource in
a broader way and allowing the establishment of
protocols useful for this population.

Conclusion

From the articles analyzed in this review it was
observed that the LED light is beneficial for cicatricle
burn repair in animal and improves the histological
aspects in the treated tissues. However, the number
of articles related to the applicability of these
resources for scar treatment in burn injuries is still
limited other studies should be conducted aiming at
stronger scientific evidence for the establishment of
adequate protocols and evidence of the effectiveness
of this therapy to assist in the rehabilitation of burn
patients.
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