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Effects of Laser Photobiomodulation on TGF-B and VEGF
Expression in Burn Wound: Systematic Review and
Meta-Analysis in the Animal Model

Influencia de la Fotobiomodulacion por Laser en la Expresion de TGF-B y VEGF
en Heridas por Quemadura: Revision Sistematica y Meta-Analisis en Modelo Animal
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SUMMARY: Laser photobiomodulation (laser PBM) is known to be able to accelerate burn wound healing in the animal model;
however little evidence exists on the action of laser PBM on the expression of important proteins in wound healing inl thedelima
such as VEGF and TGF-1. The aim of this study was to carry out a systematic review in order to analyse the effect oldasde 8BM
and TGF- expression during burn wound repair in the animal model. A systematic review was carried out of the EMBASE, PubMed/
MEDLINE and LILACS databases. The studies included were preclinical studies that analysed the action of laser PBM orsitie @xpres
VEGF and TGF-B (1, 2, 3) during burn wound repair in the animal model. The SYRCLE risk of bias tool was used. Randomedffect mod
were used to estimate the combined effect. Increased VEGF expression was observed with the use of laser PBM %gber. ®idficim
the first two weeks after induction of the burn wound, with greater size of effect in the second week (SDM = 5.72; 95%0@:3.1%4
=0 %; very low certainty of evidence). We also observed that the effect of laser PBM on TGF-31 expression was gre#terdbatioh
in the first week (SDM = -0.45; 95% CI: -1.91 to 1.025 61 %,; very low certainty of evidence), but diminished in the third week after
induction of the lesion (SDM = -2.50; 95% CI: 3.98 to -1.80%,0 %; very low certainty of evidence). Laser PBM has an effect on TGF-R1
and VEGF expression, promoting burn wound repair in the animal model.
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INTRODUCTION

Burn wounds constitute an important public healtigesia and acceleration of tissue repair. The action mechanism
problem, determining physical and psychological sequelaé laser PBM occurs through the mitochondria, which
and causing a negative impact on patients' quality of lifromote biomodulation of the tissues, increase the respiratory
(Novelli et al, 2009); it is therefore important to find chain and adenosine triphosphate synthesis (Cauab),
effective therapies to reduce cicatrization time. Lasenodulate reactive oxygen species (ROS) and induce
photobiomodulation (PBM) is a non-invasive treatmentanscription factors (Cheat al, 2011). These transcription
widely used in medical practice, including wound healinépctors cause the synthesis of proteins which in turn trigger
(Chunget al, 2012). Phototherapy is able to inducether effects, such as: greater cell proliferation and migration;
photobiological processes in the cells (Karu, 1987). Laserodulation of the levels of cytokines, growth factors and
PBM photoactivates cell mechanisms to promote thiaflammatory mediators; and greater tissue oxygenation
normalisation of injured areas by oedema reduction, anékaru & Kolyakov, 2005).
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Wound cicatrization consists of three phasednformation sources and searchA systematic search was
inflammatory, proliferative and tissue remodelling, whictcarried out in EMBASE, PubMed/MEDLINE and LILACS.
overlap in time (Singer & Clark, 1999). PhotostimulatiorThe references of the studies included were also reviewed.
can be used during the inflammatory and proliferative phas@$e following search strategy was used: ((("Burns") OR
since laser is effective in reducing the inflammatory infiltratburn*)) AND (((photobiomodulation*)) OR ((((((LLLT) OR
(Mokoena et al., 2018), as well as promotinglow light laser therapy) OR laser*[tiab]) OR "Laser
neovascularization (Dears al, 2021). The formation of Therapy") OR "Low-Level Light Therapy"))) AND
new blood vessels during wound healing is also fundamefif(((healing) OR complication) OR infect*)) AND (("Wound
tal, as they sustain the newly-formed granulation tissudealing") OR wound))).

(Singer & Clark). The induction of angiogenesis is attributed
to the acidic and basic fibroblast growth factors, endotheligtudy selectionAll the references identified were extracted
growth factor, transforming growth factor 3 (TGF-B)to an EndNote X9 database to facilitate handling and
angiogenin, angiotropin, etc (Iruela-Arispe & Dvorak, 1997eliminate duplicate articles. Two independent reviewers
Furthermore, it has been shown that cells irradiated witdxamined the titles and abstracts of the studies recovered by
laser present a greater distribution of filaments in thibe search strategy to identify studies that might comply with
cytoskeleton, endoplasmic reticulum, and a mortae inclusion criteria. Titles and abstracts were selected using
conspicuous nucleus, indicating an increase in proteihe Rayyan software (http://rayyan.qcri.org). Two
synthesis (Szezerbagy al, 2018). independent reviewers reviewed the full texts of all the
relevant and potentially relevant studies that met the

Laser PBM has been shown to be effective durinigiclusion criteria, and those for which there was insufficient
burn wound healing in the animal model, with observatioriaformation in the title and abstract to reach a clear decision.
of increased neovascularization, accelerated wound
retraction and increased deposition of collagen fibres (Deana The following data were collected: animal model
et al). Nevertheless, there is still little evidence regardingsed and type of burn, treatment parameters, follow-up time,
the action of laser PBM in the expression of importardutcome measurements analysed, sample size calculation
proteins in the wound healing process in the animal model, analysis of the power of the study, and use of a report
such as VEGF and TGF-B. The aim of this study was template.
carry out a systematic review in order to analyse the effect
of laser PBM on the expression of VEGF and TGF-3 (1, Risk of bias. The risks of bias were assessed using the
3) during burn wound repair in the animal model. Th&YRCLE risk of bias tool for animal studies (SYRCLE RoB)
research question for this study was: What is the effect @fooijmanset al., 2014). The following domains were
laser PBM on VEGF and TGF- expression in burn wouratquired: 1. Random sequence generation (selection bias);
repair in the animal model? 2. Baseline characteristics (selection bias); 3. Allocation

concealment (selection bias); 4. Random housing (perfor-
mance bias); 5. Blinding (performance bias); 6. Random
MATERIAL AND METHOD outcome assessment (detection bias); 7. Blinding (detection
bias); 8. Incomplete outcome data (attrition bias); 9. Selective
outcome reporting (reporting bias); 10. Other sources of bias
Protocol. The Preferred Reporting Items for Systemati€other bias). The potential risk of bias for each study was
Reviews and Meta-analysis (PRISMA) guide was used ttassified as "No" (high risk), "Uncertain" (unclear risk) or
report this systematic review (Liberadt al, 2009). The "Yes" (low risk).
present report focuses on the results obtained for the action
of laser PBM on VEGF and TGF-3 expression. This studyata synthesis strategyThe synthesis of the findings was
was registered in PROSPERO, ID: CRD42019147098. presented in narrative form. Information on the study
population, the laser parameters used, the follow-up period
Eligibility criteria. The studies included were original studiesand the results measured in the wound were presented in
which evaluated the effect of laser PBM on expression of tA@ables. The meta-analysis was carried out by calculation of
proteins VEGF and TGF-B (1, 2, 3). Studies written in Engliskhe standardised mean differences (SMD) for continuous
Spanish and Portuguese were included, with no date limit. tmtcomes. The WebPlotDigitizer 4.4 for Mac software was
vitro studies, studies using high level laser, LED, studies used for extraction of continuous data presented in figures
humans, therapies with other kinds of light, studies in animalsox plots). We pooled studies that compared the effect of
with systemic diseases and works which evaluated laser PBaser PBM vs. control in the VEGF and TGF-31 expression.
associated with another therapy were excluded. In studies that presented more than one energy density (ED),
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the values closest to other grouped studies was us8ummary of Findings" (SoF) table using the GRADEpro
Subgroup analysis was carried out by follow-up period;DT software (http://gdt.guidelinedevelopment.org)
classified as follows: 1 week (analysis from day 1 to day 7(l.angendamet al,, 2013; Hooijmanst al, 2018). The
2 weeks (analysis from day 8 to day 14), 3 weeks (analy§&RADE approach evaluates the quality of a body of evidence
from day 15 to day 21). Forest plots were constructdzhsed o the degree of certainty that the element assessed
showing the summary and 95 % confidence interval (Chas an effect or association. The quality of the set of proofs
estimated in the meta-analysis, together with the resultsws assessed with reference to: the general risk of bias of the
the individual studies. We used a random effects modeludies included; indirect evidence; inconsistency;
(DerSimonian-Laird method), as we expected variation imprecision; publication bias; and size of the effect. The
the effects due to differences in preclinical studies. Thguality of the evidence was downgraded by one or two levels
heterogeneity between the studies was examined byfdr each of these factors, reducing the certainty of the evidence.
statistical categorization as follows: <30 % unimportant; 30he quality of the set of proofs was classified for each of the
%-50 % moderate; 50 %-75 % substantial; 75 %-100 % caprimary results as high, moderate, low or very low.
siderable (Liberatet al; Higgins & Green, 2011). To ex-
plore the possible publication bias, a funnel plot was planned
when the number of grouped studies was greater thanRESULTS
equal to 10. The software used was Review Manager 5.4
(Cochrane IMS, Copenhagen, Denmark).
Search resultsThe search identified 1,827 references (Fig.

The principle of the GRADE system was used td). After 322 duplicates had been excluded and the titles
evaluate the general quality of the body of evidencand abstracts had been reviewed, 21 articles were read in
associated with the principal result, and we constructedl text. Subsequently, 10 studies were excluded in the full
text stage because they did not analyse the outcomes
evaluated in the present study; thus a total of 11

s éiii?éi‘l?;&i.iiﬁ‘;“:ﬁé’:é’; studies were included in the qualitative synthesis
g 966 PubMed/MEDLINE and 5 in the quantitative analysis.
5 H2LILACS
= ki Characteristics of the studies includedAlmost
— all the studies included were carried out in Brazil
»| 322 Duplicates removed (9/11) using Wistar rats and red laser; the two
i exceptions were published in India and used
o 1505 Potortally refovert wricios Sprague-Dawley rats and infra-red Ias_er (Gapta
= identified for title and abstract al., 2015; Yadawet al, 2017). The dosimetry per
g screening point used in the studies included varied between
_ _ 0.2 J/crd and 25 J/ci All the studies used metal
S Blacqbidutlaagtaba plates to induce the burn wound. The majority of
the studies (9/11) induced a second degree burn and
— Y only two studies a third-degree burn (Table 1). To
21 Potentially relevant articles process the samples and analyse VEGF and TGF-
identified for data extraction . . .
31 expression, the majority of the studies (8/11) used
PP T————T the Western Blot and densitometry methods (Renno
z text o | etal, 2011; Bellietal, 2014; Chiarottet al, 2014;
=] - 9b they did i . . 14
5 . ez s St Catarinoet al, 2015; Guptat al; Jacomeet al,
u ?finiegest 2015; Trajancet al, 2015; Maligieriet al, 2017).
ni ri . . . .
ooume Two other studies used immunohistochemistry (2/
. | 0 Articles identified by hand- 11) (Brassolattet al, 2016, 2018) and one study
- | search (1/11) used ELISA (Yadaet al). None of the
B : : —r studies reported the sample calculation or presented
ments dentih r .
3 qualil}‘ctuava?uasliona ° a power analysis. No study used statements or
% checklists to report results. The principal results
£ s reported by the studies on the action of laser PBM
quantitative evaluation ‘ X
(- on VEGF and TGF-31 expression are presented in
Fig. 1. Flow diagram showing the study selection process. Table 11.
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Risks of bias.All the studies presented a high risk of biashese studies used male Wistar rats, infra-red laser with si-
in the general evaluation (Fig. 2). This was due mainly toilar ED, and the Western Blot method to process the
the difficulty of blinding the operator, since the lasesamples. In the first two weeks of treatment, it was observed
equipment emits light, sound or both; all the studiethat laser PBM increased VEGF expression in burn wounds
therefore presented a high risk of bias for this domaim the animal model: first week (SDM = 2.34; 95 % CI:
High risk of bias was also observed in 7/11 studies f@x27 to 4.40;3 = 49 %, certainty of evidence very low);
other sources of bias because the authors did not carry setond week (SDM = 5.72; 95% CI: 3.14 to 8.3%,0 %;
laser treatment simulation on the animals in the contreéry low certainty of evidence). In the third week after
groups (Belliet al; Brassolattet al, 2016, 2018; Catarino induction of the burn wound, it was unclear whether laser
et al; Chiarottoet al; Maligieriet al; Renncet al), which  PBM increased or diminished VEGF expression (SDM = -
might have affected wound healing. In the domain&16; 95 % CI: -1.69 to 1.372 + 51 %; very low certainty
"allocation concealment”, "random housing" and "randomf evidence) (Fig. 3).
outcome assessment”, all the studies were classified as
having unclear risk of bias, since they did not providanalysis of the effects of laser PBM on TGF-31 expression.
sufficient information to evaluate these domains. Sontféve studies were grouped in the meta-analysis for the first
studies claimed that they carried out random sequenw® weeks, and 4 studies for the third week. All these studies
generation, however none of these explained how theed male Wistar rats, infra-red laser with similar ED, and
sequence was generated, so all the studies were classififedWestern Blot method to process the samples. In the first
as having unclear risk of bias. Only 2/11 studies reportegbek the meta-analysis showed that laser PBM favoured an
blinding the results assessor (Brassoddtdil, 2016, 2018) increase in TGF-R1 expression (SDM = 2.15; 95 % CI: 0.11
and were classified with low risk of bias; all the otheto 4.20, ¥ = 55 %; very low certainty of evidence). In the
studies presented insufficient information to judge thisecond week it was uncertain whether Laser PBM favoured
domain. All the studies presented low risk of bias faan increase or a reduction in TGF-31 expression (SDM = -
baseline characteristics and selective reporting of resulfs45; 95 % ClI: -1.91 to 1.02,# 51 %,; certainty of evidence
very low). In the third week the meta-analysis showed that
Analysis of the effects of Laser PBM on VEGF animals treated with laser PBM presented lower TGF-R1
expressionFive studies were grouped in the meta-analysexpression than the control (SDM = -2.50; 95 % CI: -3.98 to
for the first two weeks, and 4 studies for the third week. AHL.01; F = 0 %; very low certainty of evidence) (Fig. 4).

mlow mUnclear m High

RANDOM SEQUENCE GENERATION |SELECTION BIAS)
SIMILARITY AT BASELINE (SELECTION BIAS])
ALLOCATION CONCEALMENT (SELECTION BIAS)
RANDDM HOUSING (PERFORMANCE B1AS]

BLINDING (PEREFORMAMCE BIAS)

RANDOM QUTCOME ASSESSMENT [DETECTION BIAS)
BLINDING [DETECTION BIAS)

IHCOMPLETE DUTCOME DATA (ATTRITION BIAS)

SELECTIVE QUTCOME REPDRTING (REPORTING BIAS)

OTHER SOURCES OF BIAS [OTHER]

Fig. 2. Risk of bias of the studies included, according to the SYRCLE tool.
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Laser PBEM Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand. 95% CI IV, Rand 95% CI
1.1.1 One week
Belli 2015 6,766.17 1,045.85 3 457321 101.25 3 246% 2.36 [-0.42, 5.15) -
Catarino 2015 7.161.29 1,935.48 3 6,774.19 725.8 3 35.0% 0.21[-1.40,1.83) -
Chiarotto 2014 202.53 14.34 3 137.58 15.19 3 18.0% 3.52 [-0.24, 7.27)
Jacomo 2015 9,069.77 581.39 3 6,976.745 348.84 3 18.1% 3.49 [-0.24, 7.23) |
Maligieri 2017 2,120.65 108.5 3 3125 180.5 3 4.3% 9.71 [0.20, 19.23)
Subtotal (95% CD 15 15 100.0% 2.34 [0.27, 4.40) E 2
Heterogeneity: Tau" = 2.49; Chi' = 7.88,df = 4 (P = 0.10); I = 49%
Test for overall effect: Z = 2.22 (P = 0.03)
1.1.2 Two weeks
Belli 2015 9.296.45 13495 3 4,890.41 809.69 3 18.1% 6.07[-0.01, 12.15) [
Catarino 2015 8,245.15 743.93 3 423937 572.25 3 27.5% 4.83 [-0.10, 9.76) ——
Chiarotto 2014 250.61 12.01 3 155.3 10.96 3 15.4% 6.63[0.03, 13.23) S
Jacomo 2015 12,893.61 574.47 3 7,906.98 813.95 3 20.6% 5.66([-0.03,11.36) e
Maligieri 2017 1,708.33 184.46 3 623.26 86.85 3 18.4% 6.02[-0.01, 12.05]) -
Subtotal (95% C) 15 15 100.0% 5.72 [3.14,8.31] E
Heterogeneity: Tau® = 0.00; Chi¥ = 0.22, df = 4 (P = 0.99); F = 0%
Test for overall effect: Z = 4.34 (P < 0.0001)
1.1.3 Three weeks
Belli 2015 6,192.64 1,113.32 3 7,44091 202.42 3 27.1%  -1.25[-3.25,0.76) —-r
Catarino 2015 7.161.29 1,935.48 3 5,040.53 10,3005 3 32.4% 0.23 [-1.39, 1.84) -
Jacomo 2015 8,106.38 893.62 3 9,574.47 957.44 3 27.0% -1.27[-3.28,0.75) —-r
Maligieri 2017 2,598.09 477.43 3 1,176.64 86.85 3 13.4% 3.31 [-0.26, 6.89)
Subtotal (95% C) 12 12 100.0% -0.16 [-1.69, 1.37] 3
Heterogeneity: Tau® = 1.20; Chi' = 6.08, df = 3 (P = 0.11); F = 51%
Test for overall effect: Z = 0.21 (P = 0.84)

-20 -0 0 10 20

Favours Control Favours Laser PBM
Fig. 3. Forest plot showing the comparison of laser PBM vs. control for VEGF expression.

Laser PBM Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total ght IV, d 95% CI IV, Rand 95% CI
1.2.1 One Week
Belli 2015 9,987.62 2,153.46 3 5,272.28 1,262.38 3 239% 2.14(-0.47,4.75] +——
Catarino 2015 9,230.77 1,153.85 3 4,182.69 288.46 3 12.0% 4.80 [-0.10, 9.71) 1
Chiarotto 2014 212.12 18.18 3 129.29 10.1 3 13.0% 4.51(-0.13, 9.14)
Jacomo 2015 12,510.1 1,578.28 3  8,280.3 44192 3 19.7%  2.92(-0.32,6.16)
Maligieri 2017 10,093.09 1,914.89 3 10,630.13 478.72 3
Subtotal (95% CI) 15 15 100.0% 2.15 [0.11, 4.20]

Heterogeneity: Tau’ = 2.78; Chi' = 8.89, df = 4 (P = 0.06); I' = 55%

W —
31.3%  -0.31(-1.94, 1.32] .
==
Test for overall effect: Z = 2.06 (P = 0.04)
—

1.2.2 Two weeks

Belli 2015 9,245.04 631.19 3 8,985.14 155941 3 27.7% 0.17 [-1.43,1.78) -
Catarino 2015 8,365.28 432.7 3 4,038.46 1,298.08 3 10.9% 3.58(-0.23, 7.38) 1
Chiarotto 2014 159.77 20.2 3 228.44 14.46 3 12.8% -3.13(-6.55,0.29] — —
Jacomo 2015 8,154.04 946.97 3 9,479.8 351.56 3 22.0% -1.48(-3.63,0.66] —
Maligieri 2017 9,380.4 405.32 3 10,022.16 1,117.02 3 26.6% -0.61(-2.32,1.09] -
Subtotal (95% CI) 15 15 100.0% -0.45 [-1.91, 1.02) =
Heterogeneity: Tau’ = 1.35; Chi' = 8,16, df = 4 (P = 0.09); I’ = 51%

Test for overall effect: Z = 0.60 (P = 0.55)

1.2.3 Three Weeks

Belli 2015 2,636.13 482.68 3 6,014.85 1,670.79 3 311% -2.20(-4.86, 0.46] —t
Catarino 2015 2,884.62 721.15 3 6,634.62 1,298.07 3 21.6% -2.86(-6.05,0.33) —_—
Jacomo 2015 4,934.34 820.32 3 6,575.76 44192 3 35.0% -1.99(-4.50,0.51) —_—
Maligieri 2017 6,263.3 747.98 3 12,167.55 1,476.07 3 124% -4,04(-8.25,0.18) ——e—
Subtotal (95% CI) 12 12 100.0% -2.50([-3.98, -1.01)

Heterogeneity: Tau’ = 0.00; Ch' = 0.77, df = 3 (P = 0.86); I' = 0%
Test for overall effect: Z = 3.30 (P = 0.0010)

-10 R 5 10
Favours Control Favours Laser PBM

Fig. 4. Forest plot showing the comparison of laser PBM vs. control for TGF-R1 expression.

Publication bias. Publication bias was not analysed as NParallel; however, some methodological problems were
comparison presented data from more than 10 studies. identified which diminished the certainty of the evidence.
We downgraded the quality by two levels for indirect
Summary of the quality of the evidenceWe analysed the evidence because the study population differed from the
quality of the evidence for all the outcomes (Table Ill). Alpopulation of interest, and because wound healing in rats is
the studies in the meta-analysis were experimental anddigsimilar to cicatrization in humans. One meta-analysis
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Table Ill. Summary of quality of evidence (GRADE SoF table).

Outcome Participants, Follow-up Participants Quality ofevidence Comparator Intervention gser
interventions, (studies) PBM) vs.comparator
comparators (control) mean

VEGF Animal model: Wistarats 1 week 30 participants OO0 The mean VEGF SMD 2.34 hgher
Laser PBMvs. Control (5 studies) VERY LOW because expression across the (Cl 95 % 0.27

of risk of bias?@ controlgroup ranged from higher to 4.40
inconsisency’ 137.58 t0 6,9767.45 higher)
indirectneszand

imprecisiord

VEGF Animal model: Wistarats 2 weeks 30 participants OOOO The mean VEGF MD 5.72 higher

Laser PBMvs. Control (5 studies) VERY LOW because expression across the (Cl95%3.14 Hgher
of risk of bias? controlgroup ranged from to 8.31 higher)
indirectnessand 155.3 to 7,906.98
imprecision

VEGF Animal model: Wistarats 3 weeks 24 participants OO0 The mean VEGF SMD 0.16 lower

Laser PBMvs. Control (4 studies) VERY LOW because expression across the (Cl95% 1.69lower
of risk of bias2 controlgroup ranged from to 1.37 higher)
inconsisency’ 1,176.64t09,574.47
indirectneszand
imprecision

TGF-R1 Animal model: Wistarats 1 week 30 participants OO0 The mean TGF- (1 SMD 2.15 higher

Laser PBMvs. Control (5 studies) VERY LOW because expression across the (Cl95%0.11 hgher
of risk of bias? controlgroup ranged from to 4.20 higher)
inconsisency’ 129.29 to 10,630.13
indirectnessand
imprecisiori

TGF-R1 Animal model: Wistarats 2 weeks 30 participants 0OOO The mean TGF-B81 SMD 0.45 lower

Laser PBMvs. Control (5 studies) VERY LOW because expression across the (Cl95% 1.91lower
of risk of bias? controlgroup ranged from to 1.02 higher)
inconsisency’ 228.44 t0 10,022.16
indirectneszand
imprecision
TGF-R1 Animal model: Wistarats 3 weeks 24 participants OO0 The mean TGF-B1 SMD 2.50 lower

Laser PBMvs. Control VERY LOW because

of risk of bias?
indirectnessand
imprecision

Abbreviations: TGF-31, Transforming growth factor beta-1; VEGF, Vascular Endothelial Growth Factor; Cl, Confidence insav&BM, Laser
photobiomodulation; SMD, Standardized mean difference.

Explanations

a. The Grade of the evidence was reduced by one level due to the high risk of bias in operator blinding and other sasirces of bi

b. The Grade of the evidence was reduced by one level due to the heterogeneity of the studies.

c. The Grade of the evidence was reduced by two levels due to very serious concerns about the indirectness and thigytafribieabdence.

d. The Grade of the evidence was reduced by one level due to serious concerns about imprecision, because of the smalhriicipbeiof

(4 studies) expression across the (Cl95% 3.98lower
controlgroup ranged from to 1.01 laver)

6,014.85 to 12,167.55

presented moderate heterogeneity and three presendetvity affects principally the epithelial cells, and the absence
substantial heterogeneity, so the certainty of the evidenoETGF-I3 activity may weaken the wound repair process
was reduced by one level for inconsistency. We algdMurphy-Ullrich & Poczatek, 2000). Increased activity on
downgraded the evidence for imprecision in all the outcom#se other hand can result in hypertrophic scars, fibrotic
because it did not comply with optimal information sizaliseases and suppression of the immune system (Murphy-

(OIS). Ullrich & Poczatek).
TGF-R31 plays an important role in mediating wound
DISCUSSION cicatrization, principally through the SMAD signalling

pathway by increasing ATP and TGF-[3 expression to improve
wound cicatrization and stimulate normal cell processes.
Various growth factors play important roles in woundGF-R1 is a potent regulator of the inflammatory process,
healing, such as TGF-3, VEGF, fibroblast growth factorsince it can attract neutrophils and macrophages to the site
(FGF) and platelet-derived growth factor (PDGF) (Singewf the lesion, which play an important part in tissue repair
& Clark). TGF-B is a prototype multifunctional cytokine(Atkins et al, 2006). It has been shown that laser PBM can
responsible for inhibiting or stimulating cell growth andncrease TGF-R1 expression in an initial phase of burn
proliferation (Morikaweet al, 2016), immunosuppression, lesions; it then diminishes gradually during the burn wound
angiogenesis and wound cicatrization (Massagué, 2012). depair process (Belkt al; Catarinoet al; Jacomaet al).
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These findings coincide with the results obtained in our metaporting. This suggests that there are important aspects of
analysis, which show an increase in TGF-B1 expressionthre execution of studies in animals that are being ignored,
an initial phase of tissue repair and lower TGF-31 expressiand should be implemented in future investigations in order
in a more advanced stage. The diminution of TGF-3b deliver better quality evidence. We noted that not one of
expression may reduce the time of tissue repair by shortenthg studies included stated that a reporting template had been
the inflammatory period (Jaconas al.). used; this deficiency made evaluation of the quality of the
studies included very difficult. There are many templates
Laser PBM can accelerate tissue repair processagilable for use in reporting studies in animals. They help
through its biomodulation effect (Bagnato, 2008). Lasdhe researcher to write a more transparent publication, and
PBM activates cicatrization by stimulating cells likecan facilitate evaluation of the quality of studies in SR. They
fibroblasts and keratinocytes to carry out their normadan also improve the reproducibility of studies in animals
function, differentiating and increasing collagen synthesiand the certainty of their evidence.
angiogenesis and growth factors (Keskieeml, 2016).
However, because the effect of laser therapy is dose-  All the outcomes analysed presented very low quality
dependent, an appropriate irradiation protocol is required evidence. Quality refers to our confidence in the estimated
for it to be effective (Hawkins & Abrahamse, 2006). Becauseffects (Guyatet al, 2011). In other words, the real effect
many different parameters are used for burn wound treatmémtind may differ substantially from the estimated effect
with laser PBM, it may be difficult to find an effective (Guyattet al). Studies carried out in animals provide
protocol or determine which is most effective. Previousvidence of the effectiveness of new therapies, and their
studies compared different dosimetries, confirming that th@ssible adverse effects, to allow these therapies to be used
effect of laser PBM is dose-dependent. Maligietrial  in humans subsequently. It is therefore essential to adopt
indicated that treatment with laser PBM at 9.86 3ftad a measurements in preclinical studies that will offer the best
greater impact on TGF-31 and VEGF expression than a lowmrssible certainty of evidence. The use of report templates
dosimetry (4.43 J/cf Brassolatet al (2016) also reported to produce clearer publications, and the selection of an
that laser PBM treatment at 25 Jicmcreased VEGF appropriate sample size, are simple strategies which can be
expression, whereas a dose of 12.5 3fead no effect. In adopted to improve the quality of reporting in animal studies,
our meta-analysis we grouped studies that used similtaus improving the certainty of evidence in future studies.
wavelengths; we showed that irradiation with red laser &tudy limitations; implications for clinical practice and for
4.93 J/cm (per point) influenced VEGF and TGF-Rlresearch. We identified some limitations in our review
expression, promoting burn wound repair in the animalrocess on which we should comment. First, limitations
model. Previous studies in fibroblasts irradiated witkerived from the systematic nature of the review: although
GalnAlAs at 660 nm have shown that laser diode at 5*J/cme searched in the most important databases in the field of
promoted cell viability and VEGF expression at 24, 48 anlgealth sciences, we may not have identified every relevant
72 hours after irradiation, with a 1.98-fold increase in tharticle. However, we believe that we minimised this
number of transcriptions after 72 hours (Szezerbtgl). limitation by the sensitive search strategy used, the additional
In a previous study, our team showed that burn woursarch by hand of the references, and the double independent
irradiation with dosimetry of 11 to 20 J/értper session) review process followed. Furthermore, we only selected
was effective in stimulating angiogenesis, with large size sfudies published in English, Spanish or Portuguese, the
effect and moderate certainty of evidence (Deetnal). languages in which the reviewers are competent; nonetheless,
The results of our meta-analysis corroborated these findings, study found was excluded on the basis of language.
since we observed an increase in VEGF expression in tBecondly, all the studies included presented a high risk of
first two weeks after burn wound infliction, favouringbias. Finally, very low certainty of evidence was found for
angiogenesis in the animals treated with laser PBM. VEGH the outcomes evaluated. Studies with low or very low
is an important proangiogenic cytokine which stimulatesertainty of evidence generate uncertainty as to the effects
multiple components of the angiogenic cascade ab, of the intervention. For this reason, carrying out trials in
2009). Angiogenesis is fundamental in the tissue repdiumans supported by preclinical studies with low certainty
process, as it is responsible for supplying oxygen amd evidence may be a waste of both time and human and
nutrients to the injured tissues (Guptaal). financial resources. They may also cause frustration due to
the false expectations generated with respect to a treatment
We carried out a critical evaluation of the studieghat in principle appears promising. There is therefore a need
included through a risk of bias analysis using the SYRCL#6r preclinical studies performed with greater transparency,
RoB tool. We found that all the studies presented high risicientific rigor and certainty of evidence to support
of bias in the general evaluation, as well as deficiemvestigations in human beings.
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