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ABSTRACT

This systematic review was performed to identify the role of photobiomodulation therapy in
experimental models of third-degree burns used to induce oxidative stress. EMBASE, PubMed, and
CINAHL databases were searched for studies published between January 2003 and January 2018
on the topics of photobiomodulation therapy and third-degree burns. Any study that assessed the
effects of photobiomodulation therapy in animal models of third-degree burns was included in the
analysis. A total of 17 studies were selected from 1182 original articles targeted on
photobiomodulation therapy and third-degree burns. Two independent raters with a structured tool
for rating the research quality critically assessed the articles. Although the small number of studies
limits the conclusions, the current literature research indicates that photobiomodulation therapy can
be an effective short-term approach to accelerate the healing process of third-degree burns, to
increase and modulate the inflammatory process, to accelerate the proliferation of fibroblasts, and
to enhance the quality of the collagen network. However, differences still exist in the terminology
used to describe the parameters and the dose of photobiomodulation therapy.

Keywords: Photobiomodulation therapy, Wound healing, Burns.

RESUMO

Esta revisao sistematica foi realizada para identificar o papel da terapia de fotobiomodulagdo em
modelos experimentais de queimaduras de terceiro grau usadas para induzir estresse oxidativo. Os
bancos de dados EMBASE, PubMed e CINAHL foram pesquisados para estudos publicados entre
janeiro de 2003 e janeiro de 2018 sobre os topicos da terapia de fotobiomodulag¢do e queimaduras
de terceiro grau. Qualquer estudo que avaliasse os efeitos da terapia de fotobiomodulagdo em
modelos animais de queimaduras de terceiro grau foi incluido na anélise. Um total de 17 estudos
foram selecionados entre 1182 artigos originais direcionados a terapia de fotobiomodulagdo e
queimaduras de terceiro grau. Dois avaliadores independentes, com uma ferramenta estruturada para
avaliar a qualidade da pesquisa, avaliaram criticamente os artigos. Embora o pequeno numero de
estudos limite as conclusdes, as pesquisas atuais da literatura indicam que a terapia de
fotobiomodulagdo pode ser uma abordagem eficaz a curto prazo para acelerar o processo de
cicatrizacdo de queimaduras de terceiro grau, aumentar ¢ modular o processo inflamatorio, acelerar
a prolifera¢do de fibroblastos e para melhorar a qualidade da rede de coldgeno. No entanto, ainda
existem diferencas na terminologia usada para descrever os pardmetros e a dose da terapia de
fotobiomodulagao.

Palavras-chave: Terapia de fotobiomodulagdo, Cicatrizagdo de feridas, Queimaduras
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1 INTRODUCTION

Severe burn injuries are the most traumatic and physically debilitating injuries affecting
nearly every organ system and leading to significant morbidity and mortality. Early burn wound
excision and skin grafting are common clinical prac- tices that have significantly improved the
outcomes of patients with severe burn injuries by reducing the mortality rate and the length of
hospital stay. However, slow wound healing, infec- tion, pain, and hypertrophic scarring continue
to remain major challenges in burn research and management [1].

The first-degree burn is superficial and the lesion is located at the surface of the dermis. A
second-degree also known as a partial superficial burn or a superficial dermis burn is when the
lesion is located on the surface of the epidermis and the su- perficial papillary dermis and the upper
area of the deep retic- ular dermis. In this type of burn, the pilosebaceous c com- plexes situated in
the lower area of the deep reticular dermis remain intact. A deep burn or a third-degree burn affects
the entire thickness comprising the epidermis, dermis, hypoder- mis and all cutaneous annexes, and,
in some cases, even the adipose tissue [2].

Burn depth is related to the temperature and time exposed to the heat source. In animals and
humans, a classical inverse relation exists between the temperature and time required to produce a
specific degree of burn. It is worth noting that the critical temperature for thermal damage is about
43 °C—be- low which no damage occurs no matter how long the tissue is exposed to the source.
This inverse relation indicates that one can create different degrees of thermal injury by either
varying the time of exposure or varying the temperature of the heat source [3].

Burns are the most extensive forms of soft tissue injuries, occasionally resulting in extensive
and deep wounds and death. Burns can lead to severe mental and emotional distress, because of
excessive scarring and skin contractures [4].

Healing is a complex process that involves a series of events, including clotting,
inflammation, granulation tissue forma- tion, epithelialization, collagen synthesis, and tissue
remodel- ing. Thus, it has been extensively researched, particularly re- garding the factors that could
delay or hinder the healing pro- cess [5]. Third-degree burns have been a major focus of re- search
and investigation, searching for new treatment methods in order to improve the care of burn patients
and also provide greater speed for a satisfactory result without major functional and esthetic
sequelae [4].

Low-level laser therapy (LLLT) has been recently used to stimulate the wound healing
process [6]. Several effects of LLLT have been claimed to induce this phenomenon, includ- ing

increased ATP production and increased mitochondrial membrane potential [7]. Several

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

investigators reported that photobiostimulation of the wound healing process stimulates fibroblast
proliferation; significantly increases re-epitheliali- zation, collagen synthesis, and granulation tissue
formation; accelerates wound closure; improves tensile strength of the scars; and determines faster
healing of burns [8].

However, the cellular mechanisms of photobiomodulation therapy (PBMT) using LLLT are
not well understood despite much discussion on these mechanisms in the literature. Controversial
results are reflective of the complexity of the appropriate parameter selection before each treatment
session. Given the lack of uniform parameters in the literature, the translation of clinical control
studies is still incipient. In view of the above considerations, this systematic review aimed to assess
and discuss the parameters and results obtained in ex- perimental studies performed on third-degree
burn models and to verify based on these results the uniformity of expected effects and ideas for a

possible translation of preclinical stud- ies to randomized clinical trials.

2 MATERIALS AND METHODS
2.1 SEARCH STRATEGY

A systematic search of studies published between 2003 and January 2018 was performed in
three electronic databases: EMBASE (Excerpta Medica Database), PubMed (Public/ Publisher
MEDLINE), and CINAHL (Cumulative Index to Nursing and Allied Health Literature). First,
keywords were selected from related articles. MeSH and Scopus international data lines were used
to find more related keywords with close meanings: (“low-level light therapy” [MeSH Terms] OR
(“low-level” [All Fields] AND “light” [All Fields] AND “ther- apy” [All Fields]) OR “low-level
light therapy” [All Fields] OR “llit” [All Fields]) AND (“wound healing” [MeSH Terms] OR
“wound” [All Fields] OR “repair” [All Fields]) AND (“burns” [MeSH Terms] OR “burns” [All
Fields] OR “burn” [All Fields]) AND third [All Fields] AND degree [All Fields] AND (“rats”
[MeSH Terms] OR “rats” [All Fields]). The search was repeated after the review of the eligible
papers to specifically search for experimental methodologies and out- comes and parameters of
photobiomodulation. In addition, we reviewed the retrieved articles to identify possible additional

studies (Fig. 1).

2.2 STUDY SELECTION
We examined the title list and abstracts identified by the liter- ature searches for potentially
relevant studies. Two indepen- dent reviewers (SAS and CO) applied predetermined inclu- sion

criteria to all studies. Conflicts were resolved by a third independent researcher (PTC).
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The following inclusion criteria were applied:

1.Live animal subjects

2.Experimental studies performed on third-degree burn models

3.Random allocation of treatment

4.Photobiomodulation provided as an intervention to at least one treatment group
5.A quantitative or semi-quantitative assessment

6.English language

Abstracts were reviewed by at least two raters to determine if they met the eligibility criteria.

The following exclusion criteria were applied:

1.In vitro studies
2.Clinical studies and systematic review articles with or without meta-analysis
3.Papers not published in English language

4.Microbiological studies

Assessment of study quality

Potentially eligible articles were printed, reviewed, and crit- ically appraised for quality
rating by two independent re- viewers. Systematic reviews are commonly performed in human
research, but rarely in animal research. To assess the quality of included studies, we used SYRCLE’s
RoB [9] tool that contains 10 items to investigate any important sources of bias such as allocation,
adjust for confounder, assignment to the different groups adequately concealed during, animals
randomized for housed, blinded investiga- tors, animals random selection for outcome assessment,
blinded outcome assessor, addressing incomplete outcome, and free of selective outcome reporting

and other risk of bias (Fig. 2).

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

Fig. 1 Flow chart of experimental design

Photobiomodulation  [All Fields] OR ("low-level light
therapy"[MeSH Terms] OR ("low-level"[All Fields] AND
"light"[All Fields] AND "therapy"[All Fields]) OR "low-level light
therapy"[All Fields] OR ("low"[All Fields] AND "level"[All Fields]
Search of three electronic databases including A_ND ”Iight"[AII'I Field§] AND "therapy"[All F_ields]) OR "low level
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"lasers"[All Fields] OR "laser"[All Fields])) OR (("low-level light

(Cumulative Index to Nursing and Allied Health '
therapy"[MeSH Terms] OR ("low-level"[All Fields] AND

Literature)
"light"[All Fields] AND "therapy"[AII Fields]) OR "low-level light
therapy"[All Fields] OR "llit"[All Fields]) AND ("burns"[MeSH
Terms] OR "burns"[All Fields]) AND third[All Fields] AND
1177 articles in databases -« -— degree[All Fields] AND ("rats"[MeSH Terms] OR "rats"[All
I Fields]))
Ny !
1 I
R |
Exclusion criteria for articles:
(I) In vitro, clinical studies and systematic
review articles with or without meta-analysis.
(Il) Papers not published in the English
language.
(lll) Microbiological analyzes
(i) Papers not published in the English
language.(ii) 1160 were excluded for not megting 'Fhe inclusion criteria of this
systematic review:
Repeated study (5),
{} . Invitro study (120),

Clinical study (n = 62)
Systematic review (n = 76),
Abstractonly (n=47),

The inclusion criteria of this systematic search Itis not of third degree burn (n = 850).

were: Live animal subjects Experimental injury
model to induce burn third degree Random
allocation of treatment Any type of low-level
laser irradiation was provided as an
intervention to at least 1 of the treatment
groups A quantitative or semi-quantitative
measure English language, abstracts were
reviewed by at least two raters to determine if
they met eligibility criteria.

U

Study selected 17 [ = o ————————

v

Assessment  of  Study  Quality-(QATRS)
questionnaire to assess the quality of animal

studies

Data extraction

3 RESULTS AND DISCUSSION

We detected 1182 articles in the databases. Of these, 1164 were excluded for not meeting
the inclusion criteria of this systematic review: repeated study (n =5), in vitro study (n = 120),
clinical study (n=62), systematic review (n="76), ab- stract only (n = 47), it is not of third-degree
burn (n = 854). Finally, 17 studies [4, 10-25] in which diverse treatment pa- rameters of injuries

were assessed were included for critical evaluation of the effectiveness of PBMT in third-degree
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burn. The 17 selected studies totaled a sample of 845 animals and showed some common

characteristics, namely the use ofadult male Wistar rat with a mean weight of 278.5 g as an experi-

mental model and the dorsal region of the animals as the region where burns were performed in

all (100%) studies. The burn model was created using a cylinder connected to boiling water (27.7%

of cases) [14—18, 20], a heated metal (22.2%) [4, 10-13, 16, 22]. Instrument heated until red and

incandescent (11. 1%) [24, 25] immersion in water at 95 °C (5.5%) [15], immersion in water at

100 °C (5.5%) [23], or cylindrical brass rod cooled to 77 K (5.5%) [21]. These find- ings suggested

a good standardization between the experi- mental models of third-degree burns, allowing the

reproduc- ibility of the experimental models (Table 1).

Selection bias
Selection bias
Selection bias

Performance
bias

Performance
bias

Detection bias
Detection bias

Attrition bias

Reporting bias
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Fig. 2 Representation of the SYRCLE’s risk of bias tool for animal studies. Hooijmans et al. (2014) [9]

judgment

Describe the methods used, if any, to generate the
allocation sequence in sufficient detail to allow an
assessment whether it should produce comparable
groups.

Describe all the possible prognostic factors or animal
characteristics, if any, that are compared in order to
judge whether or not intervention and control groups
were similar at the start of the experiment.

Describe the method used to conceal the allocation
sequence in sufficient detail to determinewhether
intervention allocations could have been foreseen

before orduring enrolment.

Describe all measures used, if any, to house the
animals randomly within the animal room.

Describe all measures used, if any, to blind trial
caregivers and researchers from knowing which
intervention each animal received. Provideany
information relating to whether the intended
blinding was effective.

Describe whether or not animals were selected at
random for outcome assessment, and which
methodsto selectthe animals, if any, were used.

Describe all measures used, ifany, to blind outcome
assessors from knowing which intervention each
animal received. Provide any information relating to
whether the intended blinding was effective.
Describe the completeness of outcome data foreach
main outcome, including attrition and exclusions
from the analysis. State whether attrition and
exclusions were reported, the numbers in each
intervention group (compared with total randomized
animals), reasons for attrition or exclusions, and any
re-inclusions in analyses forthe review.

State how selective outcome reporting was examined
and what was found.

State any important concerns about bias not covered
by other domains in the tool.

Was the allocation
sequence adeqguately
generated and applied? (*)

Were the groups similar at
baseline orwere they
adjusted for confoundersin
the analysis?

Was the allocation
adequately concealed? (*)

Were the animalsrandomly
housed during the
experiment?

Were the caregivers and/or
investigators blinded from
knowledge which
intervention each animal
received during the
experiment?

Were animals selected at
random for outcome
assessment?

Was the outcome assessor
blinded?

Were incomplete outcome
data adequatelyaddressed?
(*)

Arereports of the study
free of selective outcome
reporting? (*)

Woas the study apparently
free of other problems that
could resultin high risk of
bias? (*)
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A great variation of performed analyses and dependent variables was found in the selected
studies; although the ma- jority (50.0%) of them used different methods to assess the effect of PBMT
in several phases of the repair process [4, 10—14, 16, 20-25], some studies (5.5%) focused on
bacterial infection (Table 2) [15].

Table 3 shows the parameters used in the selected studies. Whereas 72.2% of studies used a
laser with a wavelength in the red spectrum, some authors chose a 632.8-nm laser [20, 21]; others
used a laser with a wavelength in the range of 660 nm [4, 10-12, 14, 15, 18, 19, 22], 685 nm [17],
and 640 nm [13, 23], and 5.5% used a laser with a wavelength of 890 nm [16], 11.1% used a laser
with a wavelength of 780 nm [18, 19, 22], 11.1% used a laser with a wavelength of 400 nm [24,
25], 5.5% used a laser with a wavelength of 520 and 550 nm [22], and used a laser with a wavelength
of 2000 nm [24, 25]. In relation to the power of the lasers, a very large variation was detected,
ranging from 10 mW [20, 21] to 100 mW [10, 11]; the intermediate powers were as follows: 75 mW
[16],40 mW [22], 50 mW [10], 35 mW [12, 18, 19], 30 mW [13, 14], 20 mW [15], 5 mW [4], 0.05
mW [17], 0.11 mW [23], 3.7 mW [24], and 0.95 W [25]. Other impor- tant parameters of PBMT
were also obtained in this analysis: energy (only 27.4% of studies reported this parameter [10, 12,
13, 22, 23]), beam area (66.6% of reviewed studies assessed this parameter [4, 10, 12-17, 20, 23—
25]), exposure time to PBMT (72.2% of studies reported it [4, 10, 12—14, 16, 17, 20-25]), and the
density of power (55.5% of papers described it [4, 10, 12, 14-17, 21, 24, 25] (Table 3)). Regarding
the effect of PBMT, 22.2% of studies reported statistically signif- icant positive effects, 50.0% of
studies reported positive but not statistically significant effects, and 22.2% % of studies reported

partially positive effects (Table 4).
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Table 1 Study the characteristics of selected controlled experimental studies of photobiomodulation therapy effects on third-degree burn

Anthors Animal type Gender (WF) Animal race Age (months) Weight{g) Induetion model temperatura! itz Injury Ethics committee
exXposuIe bme

Gomes 2017 [4] Rat Female Wistar - L300 g hotwater at 60 °C 455 Dorsvm  Not
Brassolab 2016 [10] Fat hiale Wistar 2 weelks =280 g Aluminum plate 1530 °C 10 s Dorsum  Yes 022/2013
Trajanc 2014 [11] Fat hiale Wistar - 250-350g Meatal red. 30°C 153 Dorsem  Ya
Fiorio 2014 [12] Fat hial= Wistar - 260 = 20 g Alvminum plate Sz Dorsum  Yes ALOY

120°C NCER 2007
Fiorio 2011 [13] Fat hiale Wistar - 260 £ 20 g Aluminum plate 3= Dorsuvm  Yes ALOT

120°C CER2007
MNufiaz 2013 [14] Rat Mal= Wistar Adult = Fubber ube 3z Dorzum  Yes

300z connected boiling water

Morass 2013 [15] Fat hiale Wistar - 300-350 g Immersion in water at 53 °C 145 Dorsum  Yes 003,/2009
Ehoshavaghit 2011 [16]  Rat hiale Wistar 4 months 300 g Cylindar connected boiling water 2= Dorsem  Ya
Garcia 2010 [17] Rat Mal= Wistar Adult 180220 g Heated punch 30 s Dorsum = Ve

a0=C
Mleirales 2008 [13] Rat Miala Wistar Youngadult 200-230g Instrumentheatsd 20s Dorsvm  Ya
Mleirales 2008 [19] Rat Miala Wistar Youngadult 200-230g Instrumentheatsd 20s Dorsvm  Ya
Bayat 2008 [20] Fat Mial= Wizstar Adult 230 £ 30 g Cylinder connectzd boiling Water s Dorsum Yes
DaSilvaD de F 2006[21] Rat Mal= Wistar Adult 300 g evlindrical brass rod cooled to 77T K 2 sequences of 33 Dorsom Not

PFlepeated 3 davs

Catio 2015 [22] Rat Mal= Wistar - 200-250g Ironheated 20 Dorsum  Yes 0019240712
Mawes 2014 [23] Fat hiale Wistar - 25023 whewith water heated to 100 ° s Dorsvm  Yes 406/2008
Oliveira 2010 [24] Fat hial= Wistar Adult 200-230 g instrumentheated wntl red and incandescent 20's Dorsum  Yes
Oliveira 2011 [25] Fat hial= Wistar Adult 200-230 g instrumentheated wntl red and incandescent 20's Dorsvm  Yes 013/06
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Table 2 Study the characteristics (sample sizes, number of groups, number of animals/group, dependent variables) of selected experimental studies of controlled animals on

effects of photobiomodulation therapy on third-degree burn

Auvthors Sample sizes MNumber of Number of Dependentvarizbles
ETOuPS ek gronyp

Gomes 2017 [4] 12 2 Morphologieal analysis (inflammatery respons e
g.'.lﬂ.ﬂhh.m I!.I i0E prelence o I.h sence Dihﬂﬂ'
follicles; presence or bsence of uleers | analvsis
of the collagen organization)

Brassolati 2016 [10] 30 10 Histopathologieal Analysis; Blood Vessel Morphometry;

Meorphometry of Collagen Fibers; Immunchistochermstry.

Trajano 2014 [11] 18 3 £ Tomal EMNA extraction; complementary DINA svynthesis.

Frario 2014 [12] 48 i 12 Meorphologrcal analyais (his tologic analywis, morphometric
analysi ) count themflammatony cells, tvpeof
collagen fibers

Fiario 2011 [13] 24 4 £ Histologieal analvais (measwred at the slin surfes); covnt
the inflammatory cells

Mufiez 2013 [14] 36 2 18 Histomorphometrical znalvsis; quanti@tve assessmentof
new vessels H [l'ﬂm-cy'tln differential cru'u!:ﬁ.nr_ Laser
doppler flowmetry.

Morass 2013 [13] 36 12 Macroscopic svaleation; morphometnc evaluation;
microscopic eviluabon, mesoscopic analysis .

Khoshavaghit 2011 [16] 48 24 Mopbemeww wammates (ekkpc omzates)
numbers of types 1, 2 and 3 masteells, and the tokal
number of mastcslls in 100 zones of bumad skin.

Garedia 2010[17] o6 + 4 His tological analvsis by lisht mieroscopy

Meirsles 2008 [18] 55 3 1520 Mlcrowcopy analysil

Mlesrales 2008 [19] 53 7 1520 Microscopy analvsis

Hayat 2008 [20] &0 + 15 Mesphomemca] exammatee (kmvkgie mmmmaime
numbers of types 1, 2, and 3 masteslls, and the totd
l'l.uﬂ.'lblf ﬂfmﬂttlu.l ‘L"I. ].I:":} Zones ﬂfl:luﬂld lk.i.f]:l

DaSihva D de F 2006 [21] 20 E ] Collagen birefringence

Catie 2015 [22 100 L 20 Histolopical processing; mosphological aspects of
nflammatory cells and collagen fibers;
(Qanbtativesnalysis efthecollasenizabion ares

Mewves 2014 [23] 72 ] 12/6 Digital photogrammetv—macros copic analveis;
His bornorphometric anabyais.

Qlivesra 2010 [24] 43 3 13 Hustological analyses

Olivesra 2011 [23] 50 18 5 Histological analysis

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020.
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Risk of bias and quality of included studies

Risk of bias was assessed using the SYRCLE Risk of Bias Tool for all 17 studies that met
inclusion criteria for our review. None of the experiments were judged to be low risk of bias across
all domains. All studies reported sim- ilar experimental and control groups at baseline, which
reduces the risk of selection bias based on animal charac- teristics. Despite stating that allocation of
subjects to ex- perimental and control groups was random, only one [17] of the studies explicitly

described the method of random sequence generation.

Table 3 Study the parameters of photobiomodulation therapy in third-degree burn

Anthors Wava lensth Ensrey dansity Ensrsv Prowar demaiby Spot sizs (em )
{nm) (Tem™) Ty (W ar mWemZ2)
Gomas 2017 [4] 660 =3 nm 1 Yem 6,25 mWem 0.04em 0.8 em
Brasaolah 2006 [10] 660 nm 12523 yem® 0.51j 12532 5mWem™ 004 e’
Trajano 2014 [11] 660 nm 20 jiem’ - - -
Fierio 2014 [12] 660 nm 54 jlem 21728 005 Wiem 0.53 em
Fionio 2011 [13) 4023 nm 4 jem® ) 0.03 e
MNufiaz 2013 [14] E80 nm 1id jlem® - 30 mWiem® 1 em’
Merass 2013 [15] 660 nm 36 jlem® - B mW ) 0.035 em
Khoskaraghst 2011 [ 16] 850 nm 0524 yem’ - LS m W s
Gareia 2000[17] BE3 nm 4.5 jlem” - 0.5 Wiem’ 0.0l em’
Iizireles 2008 [18] 660780 nm 20 Vem’ - -
Meireles 2008 [19] 6607780 nm 20 Vem® - -
Bayar 2008 [20] 632 Bnm IB2TEA jlem - - 3,14
D2 Silva D de F2006[21]  632.8nm 1 Yem® 5 mWiem®
Catao 2013 [21] 660/ TE0MBE0 320350 pm  10/60 Nem® 0.40.6]
Taves 2004 [23] E20=20 nm 416 Vem 451748]) 113467 em
Oiveiza 2010 [24] 400/2000 airm 40 mWiem 23 7em
Diveira 2011 [25] 40072000 am 20°40 Vem - 10.2/20 4 Jiem® {04 Wiemm® 23 Tem®
Aunthors Irradiation Draration of Frequency of Laser frequancy  Dhistance Fower
hme per treatrnent (days ) treatments (davs ) Hz) vradiance  (mW or W
posnt{aes)
Gomss 2017 [4] 160 12 davys 0,5, 12 days
Brassolats 2006 [10] 105 Sdaws 2,4, 86 8daws - Conitzct
Trapano 2014 [11] - Sdxn Dazhy
Fieria 2014 [12] G0 s 48 dam 48k mtervals
Fiorio 2011 [13] 665 7,15 daoms 4 8-h intervals -
Munez 2013 [14] 331133, 10 davs 1.3 8 10davs - Comtact
Mlorass 2013 [15] - - Theas Hinss perwask -
Khoshavaghit 2011 [16] 8563 20 davs Thees times perwasic st S0Hz -
F6-h inkervals
(raresa 2000 [17] 8ls 3,7, lddays - = Contact 0,05 W
Mlzirales 2008 [15] - 21 days 35, 7,04 3nd 2] daw - - IFmW
Meireles 2008 [15] 2l days 3,3, 7,14, 20d 1] days - 353 mW
Buageat 2008 [20] 12072408 7, 16,50 days Dhaily Centact 10mW
DafilvaDda FI006[21] 3min 3,7,10, 14 and 17 das I3 mW
Catio 2015 [22] 5 min 3,7, 14,21 days Drasly A6 mW
Maves 1014 [23] 416803 7. 14 dam 45-hintsrvals 144 em 0. 11 mW
Mvwra 2010 [24) 253/310.. 7,14, 2] dayn Dhasly 10em 3.7 mW
Ofiveira 2011 [25] 1555108 T,14,2] daws Draily 10em 0.95W

For this reason, risk of bias in the sequence generation domain was judged as “High risk of
bias” in 94.1% of studies. One result that should be em- phasized is that 100% of studies do not
adequately de- scribed the method used to conceal allocation. Only two [10, 17] of the studies stated

that animals were randomly housed. One hundred percent of studies do not reliably report blinding
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of caregivers and investigators from knowing which intervention each animal received. Only 5.8%
[4] of studies reported random outcome assessment, but 100% of studies were not documented with
the blinding of the outcome assessor. Also it was not clear  in 100% of the studies if the incomplete
outcome data adequately addressed, i.e., if they were reported that all animals were included in the
analysis or even what were the reasons for missing outcome data unlikely to be relat- ed to true
outcome? (e.g., technical failure). Using the signaling questions provided, all studies were rated as

low risk of attrition and reporting bias.

Table 4 Classification according to the type of results found in the studies of selected experimental on effects of
photobiomodulation therapy on third-degree burn

Anthors Posibive affack: Posirve Partial affect Mo affect
statizteally affa-:_r_:»: _ statiztically
significant notsignificant  significant

Gomes 2017 [4] X
Braszolan 2016 [10] X
Trajano 2014 [11] X
Fiorio 2014 [12] X
Fiorio 2011 [13] X
MNufiaz 2013 [14] X
Morass 2013 [15] X
Ehoshavazhit 2011 [16] X
Gareia 2010 [17] X
Medralas 2008 [18] X
Medrelas 2008 [15] X
Bayrat 2008 [20] X
Da Bilva 2006 [21] X
Catio 2015 [22 X
Mawves 2014 [23] X
Oliveira 2010 [24] X
Oliveira 2011 [25] X

Furthermore, we did not identify any additional sources of bias not already covered by the
SYRCLE Risk of Bias Tool, such as in- dustry funding, conflict of interest, or failure to publish in
a peer-reviewed journal. With regard to journals where articles were published, 100% are indexed
and found in journals with impact factor ranging from 0.931 to 2.7. Of note, none of these studies

documented a calculation for sample size (Table 5 Figs. 3 and 4).
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Table 5 Assessment of study quality (Quatrs) and Journal and impact factor where selected experimental studies of

photobiomodulation therapy on third-degree burn were published

Authors Journal Impact factor
Gomes 2017 [4] Revista da Associagdo Médica Brasileira 0.931
Brassolati 2016 [10] Microscopy Research and Technique 1.147
Trajano 2014 [11] Lasers in Medical Science 2.229
Fiorio 2013 [12] Lasers in Medical Science 2.229
Fiorio 2011 [13] Journal of Cosmetic and Laser Therapy 1.113
Nuiiez 2012 [14] Lasers in Medical Science 2.229
Moraes 2012 [15] Lasers in Medical Science 2.229
Khoshavaghit 2011 [16] Photomedicine and Laser Surgery 1.680
Garcia 2009 [17] Lasers in Medical Science 2.229
Meireles 2008 [18] Photomedicine and Laser Surgery 1.680
Meireles 2008 [19] Photomedicine and Laser Surgery 1.680
Bayat 2008 [20] Journal Rehabilitation Research & Development 1.277
Da Silva 2006 [21] Journal of Biomedical Optics 2.700
Catdo 2015 [22] Lasers in Medical Science 2.229
Neves 2014 [23] Lasers in Medical Science 2.229
Oliveira 2010 [24] Photomedicine and Laser Surgery 1.680
Oliveira 2011 [25] Photomedicine and Laser Surgery 1.680

Fig. 3 Rik of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all
iclueded studies

Selection bias Sequence generation

Selection bias Baseline characteristics
Selection bias Allocation concealment
Performance bias Random housing
Performance bias Blinding

Detection bias Random outcome assessment
Detection bias Blinding
Attrition bias Incomplete outcome data
Reporting bias Selective outcome reporting

Other Other sources of bias

0% 25% 50% 75%  100%

. Low risk of bias D Unclear risk of bias . High risk of bias

In this review, studies that mainly focused on the effects of PBMT on experimental lesions
caused by third-degree burns were analyzed. No unanimity was detected regarding the used
experimental technique or regarding the methods used to mea- sure obtained results. Frequently,
different classifications and evaluations were used to designate similar variables. This fact may be
related to different analyzed processes, such as healing, inflammation, or even isolated stages of the

healing process. Enwemeka et al. [26] stated that such failures are the cause of inconsistencies in
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the literature, especially regarding the application of PBMT. Regarding the used models, it should
be noted that the burn itself can vary according to used animal for experimentation, as well as
according to the time and the method the animal is exposed to heat or even chemi- cal. The most
common etiologies requiring care in a burn center are fire/flame (43%), followed by scalds (34%),
contact with hot objects (9%), electricity (4%), and chemical agents [27].

A search for an ideal experimental animal model is impor- tant for burn research. In our
review, we observed that 100% of the evaluated studies used the Wistar rats as the animal model,
which is in agreement with what seems to be the most practical and widely used model in other
studies. Animal models can replace direct testing in human beings, especially when the toxicity of
the test material is unknown. New Zealand rabbits, Sprague-Dawley rats, Wistar albino rats,
BALB/c mice, and pigs have been used as animal models in burn research; rats are the most
commonly used of all these animals [28].

The form that was used to trigger the burn has an important role in the type of injury and
complications triggered after the burn. Of 17 analyzed articles, 23.5% [14, 15, 17, 18] used
cylindrical metal systems connected to hot water and 41.1% [4, 10-13, 16, 20] used a heated metal
to produce burns; only a small percentage used immersion in hot water [15]. According to Guo et
al. [28] and Venter et al. [29], tempera- ture, duration, and contact pressure are the three primary
var- iables needed to achieve a uniform burn. However, these three factors varied greatly or even
have not been described in some evaluated studies, indicating a lack of standardization and uni-
formity in burns induction.

In evaluated studies, a series of analyzed variables were fo- cused on tissue repair (100%)
[4, 10-25] and different method- ologies were used to evaluate the action of PBMT in various phases
of tissue repair. These results demonstrate that most studies still consider that PBMT affect tissue
repair (collagen deposition and proliferation of fibroblasts and neoformation of blood vessels) and
modulate the inflammatory process. Moreover, some of these studies were focused on the interfer-
ence of the infection process in the healing of burns. However, we believe that there is a lack of
investigations regarding the role of PBMT on inflammatory mediators and oxidative stress fol-
lowing this type of burn, given the evidence in the literature on the action of PBMT and modulation
of inflammatory bio- markers [30] and the increase of antioxidant substances [31, 32] during the
use of PBMT.

Burn injuries result in various local and systemic re- sponses. In response to injury, a local
and systemic release of inflammatory mediators, reactive oxygen species, and re- active nitrogen

species occurs, which is often confounded with local infection. Among the circulating vasoactive
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and inflammatory mediators are the histamines, prostaglandins, kinins, platelet aggregation factors,
angiotensin II, vasopres- sin, and corticotropin-releasing factors, and cell signaling pro- teins, such
as cytokines and chemokines [27].

The focus of the current review was to assess the parame- ters of LLLT used during PBMT
to improve the healing and inflammatory process in third-degree burns. In this respect, we realized
that there is agreement regarding the type of wave- length used in studies, with wavelength ranging
from red (632.8 nm; [20, 21] 640 nm; [13, 23] 660 nm; [4, 10-12, 14, 15, 18, 19, 22] and 685 nm
[17] nm) to the infrared (780 nm; [18, 19, 22], 890 nm; [16]) and 2000 nm [24, 25] spectrum (82.3%
of the studies opted for PBMT operating in the red band). Such an option is because of the depth of
the structures to be stimulated, as, according to Oliveira Silva et al. [32], the effective penetration
of the tissue by the light and the specific light wavelength absorbed by the photoacceptors are two
of the main parameters to be considered in light therapy. In the fabric, there is an optical window
running from approximately 650 to 1200 nm, where effective tissue penetration into light is

maximized.

Fig. 4 Risk of bias summary: review authors’ judgements about each risk of bias item for each included study
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In relation to the power of the lasers, a very large vari- ation was detected, ranging from 10
to 100 mW. Few stud- ies reported the energy, beam area, exposure time, and power density of used
lasers. We consider the lack of these parameters a great failure, hindering or preventing the re-
producibility of the studies. The absence of these parame- ters weakens the studies once the literature
has shown that the results of PBMT depend on the irradiation time and used dose. If we take into
account the fact that different areas of beam and powers need different irradiation times and energy
densities, the reproducibility of these studies is threatened [33].

PBMT has demonstrated positive effects in stimulating cel- lular activities involved in the
wound healing process. The action of PBMT is based on the absorption of light by the tissues, which
generates modifications in cellular metabolism and alter the exchange of calcium through the cell
membrane. These PBMT-promoted alterations may enhance the synthesis of DNA, RNA, and cell
cycle regulatory proteins, stimulating cell proliferation and connective tissue reestablishment during
tissue repair and wound healing [34].

The small number of studies for third-degree burns does not allow us to affirm that there is
clear scientific evidence of the benefits of PBMTin this type of burn. Bjordal et al. [35] reports that
evidence for most interventions lack sufficient statistical power to make valid conclusions.
However, on the other hand, if we follow the results presented by the studies included in this review,
wemay suggest thatphotobiomodulationisaneffective short-term approach to accelerate the healing
of wounds caused by third-degree burns, modulate the inflammatory process, in- crease deposition
of type I and III collagen, and downregulate matrix metalloproteinases.

Moreover, the parameters used for PBMT in the exam- ined studies, such as laser output
power, irradiation dis- tance, irradiation frequency per day, number of treatment sessions, irradiated
energy per day, and total irradiated en- ergy, did not meet the current recommendations for repro-
ducible studies. (Inflammatory phase, proliferation and re- modeling) and modulation of the
inflammatory process (chemokines, growth factor cytokines), in third-degree burns. In conclusion,
it is important to note that PBMT is an effective short-term approach for third-degree burns.
However, the lack of uniformity in the terminology used to describe parameters and the dose used
for PBMT limits the ability to reach firm conclusions.

According to Khatib et al. (2015) [36], in general, animal studies in comparison to human
RCTs have low internal va- lidity as well as standard practice to randomize allocation of the animal
to the intervention and control arms and to blind the investigators and outcome assessors. However,
some sys- tematic reviews of animal studies show that a similar effect of an intervention can be

found over a number of species/strains which suggests that there is a high probability that it can be
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extrapolated to humans. The quality of the included studies varied widely; none of the included
studies exhibited an over- all low risk of bias in all criteria analyzed by the SYRCLE Tool, while
the bulk of the remaining experiments ranged in the unclear risk of bias. This fact is rather sobering,
when placed in the context of potential translational applications of the evaluated interventions. De
Vries et al. [37], describes the importance of systematic reviews of animal experimental studies as
a precursor for the implementation of subsequent preclinical and clinical studies. However, there is
a problem in systematic review of animal studies. Negative results are often not published, leading
to publication bias.

In conclusion, it is important to note that PBMT is an ef- fective short-term approach for
third-degree burns. However, the lack of uniformity in the terminology used to describe parameters
and the dose used for PBMT and the risk of vies in the methodological conduction of some studies

limits the ability to reach firm conclusions.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interest The authors declare that they have no conflict of interest.

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

REFERENCES

1. Wang Y, Beekman J, Hew J, Jackson S, Issler-Fisher AC, Parungao R, Lajevardi SS, Li Z,
Maitz PKM (2017) Burn injury: challenges and advances in burn wound healing, infection,
pain and scarring. Adv Drug Deliv Rev. https://doi.org/10.1016/j.addr.2017.09.018

2. Ye H, De S (2017) Thermal injury of skin and subcutaneous tissues: a review of
experimental  approaches and  numerical ~models. Burns = 43(5):909-932.
https://doi.org/10.1016/j.burns.2016.11.014

3. Porumb V, Trandabat AF, Terinte C, Caruntu ID, Porumb-Andrese E, Dimofte MG, Pieptu
D (2017) Design and testing of an experi- mental steam-induced burn model in rats. Biomed
Res Int 2017: 9878109. https://doi.org/10.1155/2017/9878109

4. Gomes MT, Campos GRS, Piccolo N, Franga CM, Guedes GH, Lopes F, Belotto RA, Pavani
C, de Lima R d N, da Silva D d FT (2017) Experimental burns: comparison between silver
sulfadiazine and photobiomodulation. Rev Assoc Méd Bras 63(1):29-34.
https://doi.org/10.1590/1806-9282.63.01.29

5. Fiorio FB, Dos Santos SA, de Melo Rambo CS, Dalbosco CG, Serra AJ, de Melo BL, Leal-
Junior ECP, de Carvalho PTC (2017) Photobiomodulation therapy action in wound repair
skin induced in aged rats old: time course of biomarkers inflammatory and repair. Lasers
Med Sci 32:1769-1782. https://doi.org/10.1007/s10103- 017-2254-2

6. Avci P, Gupta A, Sadasivam M, Vecchio D, Pam Z, Pam N, Hamblin MR (2013) Low-level
laser (light) therapy (LLLT) in skin: stimulating, healing, restoring. Semin Cutan Med Surg
32:41-52

7. Bayat M, Vasheghani MM, Razavi N, Taheri S, Rakhshan M (2005) Effect of low-level
laser therapy on the healing of second- degree burns in rats: a histological and
microbiological study. J Photochem Photobiol B 78:171-177. https://doi.org/10.1016/j.
jphotobiol.2004.08.012

8. Vasheghani MM, Bayat M, Rezaei F, Bayat A, Karimipour M (2008) Effect of low-level
laser therapy on mast cells in second- degree burns in rats

9. Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes- Hoitinga M, Langendam
MW (2014) SYRCLE's risk of bias tool for animal studies. BMC Med Res Methodol 14:43.
https://doi.org/ 10.1186/1471-2288-14-43

10. Brassolatti P, Bossini PS, Oliveira MC, Kido HW, Tim CR, Almeida-Lopes L, De Avo LR,
Araujo-Moreira FM, Parizotto NA (2016) Comparative effects of two different doses of low-

level laser therapy on wound healing third-degree burns in rats. Microsc Res Tech 79:313—
320. https://doi.org/10.1002/jemt.22632

11. Trajano ET, Mencalha AL, Monte-Alto-Costa A, Porto LC, de Souza da Fonseca A (2014)
Expression of DNA repair genes in burned skin exposed to low-level red laser. Lasers Med
Sci 29: 1953-1957. https://doi.org/10.1007/s10103-014-1612-6

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fidério FB, Albertini R, Leal-Junior EC, de Carvalho P de TC (2014) Effect of low-level
laser therapy on types I and III collagen and inflammatory cells in rats with induced third-
degree burns. Lasers Med Sci 29:313-319. https://doi.org/10.1007/s10103-013- 1341-2

Fiério FB, Silveira L Jr, Munin E, de Lima CJ, Fernandes KP, Mesquita-Ferrari RA, de
Carvalho P de T, Lopes-Martins RA, Aimbire F, de Carvalho RA (2011) Effect of incoherent
LED radi- ation on third-degree burning wounds in rats. J] Cosmet Laser Ther 13:315-322.
https://doi.org/10.3109/14764172.2011.630082

Nuniez SC, Franca CM, Silva DF, Nogueira GE, Prates RA, Ribeiro MS (2013) The
influence of red laser irradiation timeline on burn healing in rats. Lasers Med Sci 28:633—
641. https://doi.org/10. 1007/s10103-012-1105-4

de Moraes JM, Eterno de Oliveira Mendon¢a D, Moura VB, Oliveira MA, Afonso CL,
Vinaud MC, Bachion MM, de Souza Lino R Jr (2013) Anti-inflammatory effect of low-

intensity laser on the healing of third-degree burn wounds in rats. Lasers Med Sci 28:1169—
7116. https://doi.org/10.1007/s10103-012-1213-1

Khoshvaghti A, Zibamanzarmofrad M, Bayat M (2011) Effect of low-level treatment with
an 80-Hz pulsed infrared diode laser on mast-cell numbersand degranulation in a rat model
of third-degree burn. Photomed Laser Surg 29:597-604. https://doi.org/10.1089/
pho.2010.2783

Garcia VG, de Lima MA, Okamoto T, Milanezi LA, Junior EC, Fernandes LA, de Almeida
JM, Theodoro LH (2010) Effect of photodynamic therapy on the healing of cutaneous third-
degree- burn: histological study in rats. Lasers Med Sci @ 25:221-228.
https://doi.org/10.1007/s10103-009-0694-z

Meirelles GC, Santos JN, Chagas PO, Moura AP, Pinheiro AL (2008) A comparative study
of the effects of laser photobiomodulation on the healing of third-degree burns: a histo-
logical study in rats. Photomed Laser Surg 26:159-166. https://doi.
org/10.1089/pho.2007.2052

Meireles GC, Santos JN, Chagas PO, Moura AP, Pinheiro AL (2008) Effectiveness of laser
photobiomodulation at 660 or 780 nanometers on the repair of third-degree burns in diabetic
rats. Photomed Laser Surg 26:47-54. https://doi.org/10.1089/pho. 2007.2051

Bayat M, Vasheghani MM, Razavie N, Jalili MR (2008) Effects of low-level laser therapy
on mast cell number and degranulation in third-degree burns of rats. J Rehabil Res Dev
45:931-938. https:// doi.org/10.1682/JRRD.2007.07.0110

da SilvaD de F, Vidal B de C, Zezell DM, Zorn TM, Nuiiez SC, Ribeiro MS (2006) Collagen
birefringence in skin repair in re- sponse to red polarized-laser therapy. J Biomed Opt
11(2):024002

Catao MH, Costa RO, Nonaka CF, Junior RL, Costa IR (2016) Green LED light has anti-
inflammatory effects on burns in rats. Burns 42(2):392-396.
https://doi.org/10.1016/j.burns.2015.07.003

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Neves SM, Nicolau RA, Filho AL, Mendes LM, Veloso AM (2014) Digital photogrammetry
and histomorphometric assessment of the effect of non-coherent light (light-emitting diode)
therapy (A640 £ 20 nm) on the repair of third-degree burns in rats. Lasers Med Sci
29(1):203-212. https://doi.org/10.1007/s10103-013-1312-7

Oliveira PC, Pinheiro AL, Reis Junior JA, de Castro IC, Gurgel C, Noia MP, Meireles GC,
Cangussu MC, Ramalho LM (2010) Polarized light (A400-2000 nm) on third-degree burns
in diabetic rats: immunohistochemical study. Photomed Laser Surg 28(5):613— 619.
https://doi.org/10.1089/pho.2009.2675

Oliveira PC, Pinheiro AL, de Castro IC, Reis JA Jr, Noia MP, Gurgel C, Teixeira Cangussu
MC, Pedreira Ramalho LM (2011) Evaluation of the effects of polarized light (A400-200
nm) on the healing of third-degree burns in induced diabetic and nondiabetic rats. Photomed
Laser Surg 29(9):619-625. https://doi.org/10.1089/ pho.2010.2914

Enwemeka CS, Parker JC, Dowdy DS, Harkness EE, Harkness LE, Woodruff LD (2004)
The efficacy of low-power lasers in tissue repair and pain control: a meta-analysis study.
Photomed Laser Surg 22:323-329. https://doi.org/10.1089/ph0.2004.22.323

Toussaint J, Singer AJ (2014) The evaluation and management of thermal injuries: 2014
update. Clin Exp Emerg Med 1:8—18. https:// doi.org/10.15441/ceem.14.029

Guo HF, Ali RM, Hamid RA, Zaini AA, Khaza’ai H (2017) A new model for studying deep
partial-thickness burns in rats. Int J Burns Trauma 7:107-114

Venter NG, Monte-Alto-Costa A, Marques RG (2015) A new mod- el for the standardization
of experimental burn wounds. Burns 41: 542-547.
https://doi.org/10.1016/j.burns.2014.08.002

Hamblin MR (2017) Mechanisms and applications of the anti- inflammatory effects of
photobiomodulation. AIMS Biophysics 4. 337-361.
https://doi.org/10.3934/biophy.2017.3.337

Rocha JCT, Ferraresi C, Hamblin MR, Damasceno FM, do Nascimento NRF, Driusso P,
Parizotto NA (2016) Low-level laser therapy (904 nm) can increase collagen and reduce

oxidative and nitrosative stress in diabetic wounded mouse skin. J Photochem Photobiol B
164:96-102. https://doi.org/10.1016/j.jphotobiol. 2016.09.017

Oliveira Silva AA, Leal-Junior EC, D'Avila KL, Serra AJ, Albertini R, Franga CM, Nishida
JA, de Carvalho P de TC (2015) Pre- exercise low-level laser therapy improves performance
and levels of oxidative stress markers in mdx mice subjected to muscle fatigue by high-
intensity exercise. Lasers Med Sci 30:1719-1727. https:// doi.org/10.1007/s10103-015-
1777-7

Dos Santos SA, Serra AJ, Stancker TG, Simoes MCB, dos Santos Vieira MA, Leal-Junior
EC, Prokic M, Vasconsuelo A, Santos SS, de Carvalho P de TC (2017) Effects of
photobiomodulation therapy on oxidative stress in muscle injury animal models: a
systematic review. Oxid Med Cell Longev. https://doi.org/10.1155/2017/ 5273403

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

34. Martins F, Renn6 ACM, de Oliveira F, Minatel NP, Bortolin JA, Quintana HT, Aveiro MC
(2015) Low-level laser therapy modulates musculoskeletal loss in a skin burn model in rats.
Acta Cir Bras 30: 94-99. https://doi.org/10.1590/S0102-86502015002000002

35. Bjordal JM, Lopes-Martins RA, Joensen J, Couppe C, Ljunggren AE, Stergioulas A,
Johnson MI (2008) A systematic review with procedural assessments and meta-analysis of
low level laser therapy in lateral elbow tendinopathy (tennis elbow). BMC Musculoskelet
Disord 9:75. https://doi.org/10.1186/1471-2474-9-75

36. Khatib MN, Shankar A, Kirubakaran R, Agho K, Simkhada P, Gaidhane S, Zahiruddin SQ
(2015) Effect of ghrelin on mortality and cardiovascular outcomes in experimental rat and

mice models of heart failure: a systematic review and meta-analysis. PLoS One
10(5):e0126697. https://doi.org/10.1371/journal.pone.0126697

37. De Vries RBM, Wever KE, Avey MT, Stephens ML, Sena ES, Leenaars M (2014) The
usefulness of systematic reviews of animal experiments for the Design of Preclinical and
Clinical Studies. ILAR J 55(3):427—437. https://doi.org/10.1093/ilar/ilu043

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 47073-47093 jul. 2020. ISSN 2525-8761



	Effects and parameters of the photobiomodulation in experimental models of third-degree burn: systematic reviewanalysis
	Efeitos e parâmetros da fotobiomodulação em modelos experimentais de queimadura de terceiro grau: revisão sistemática
	2 MATERIALS AND METHODS
	3 RESULTS AND DISCUSSION

