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ABSTRACT

Photobiomodulation (PBM) appears to limit exercise-induced muscle damage, improve biochemical
and functional recovery, and reduce inflammation and oxidative stress. This systematic review aimed to
evaluate the effectiveness of photobiomodulation (PBM) in skeletal muscle recovery after exercise, ad-
dressing the different types of lasers and parameters used. Randomized clinical trials (RCTs) comparing
the effects of PBM were included. The primary outcome evaluated was performance, and the secondary
was inflammatory marker expression. The searches were conducted in March 2021. Fifteen RCTs that
met the inclusion criteria were included. There was significant variability regarding the doses and wave-
lengths used, as well as in the types of lasers. However, in most studies, PBM promoted improvement
of maximum voluntary contraction, better oxygen consumption, increased time to achieve exhaustion
and fatigue, and decreased creatine kinase (CK), oxidative stress, and fatigue markers, mainly when
used before exercise. Photobiomodulation applied before exercise, regardless of variations in doses and
wavelengths, improves muscle performance and decreases levels of inflammation and fatigue markers.
Evidence level II; Systematic review of level Il studies.

Keywords: Low-level laser therapy; Laser therapy; muscle function.

RESUMO

A fotobiomodulagdo (PBM) parece amenizar o dano muscular induzido pelo exercicio, melhorando
a recuperagdo bioquimica e funcional e reduzindo a inflamagéo e o estresse oxidativo. Esta revisGo
sistemdtica teve como objetivo avaliar a eficdcia da fotobiomodulagéo (PBM) na recuperag¢éo do mus-
culo esquelético depois do exercicio, abordando os diferentes tipos de lasers e parametros utilizados.
Foram incluidos estudos clinicos randomizados (RCTs) que comparam os efeitos da PBM. O desfecho
primdrio avaliado foi o desempenho e o secunddrio foi a expressdo de marcadores inflamatarios.
Foram analisados estudos publicados até margo de 2021. Foram incluidos 15 RCTs que atenderam
aos critérios de incluséo. Houve variabilidade significativa quanto as doses e comprimentos de onda
usados, bem como aos tipos de laser. Porém, na maioria dos estudos, a PBM promoveu melhora da
contragdo voluntdria mdxima, melhor consumo de oxigénio, aumento do tempo para atingir exaustdo
e fadiga, e diminuigdo dos niveis de creatina quinase (CK), estresse oxidativo e marcadores de fadiga,
principalmente quando usado antes do exercicio. A fotobiomodulag¢do aplicada antes do exercicio,
apesar de apresentar grande variabilidade de doses e comprimentos de onda, melhora o desempenho
muscular e diminui os niveis de marcados inflamatdrios e de fadiga. Nivel de evidéncia Il; Revisédo
sistemadtica de estudos de Nivel Il.

Descritores: Terapia a laser de baixa intensidade; Terapia a laser; Fungdo muscular.

RESUMEN

La fotobiomodulacién (PBM) parece aliviar el dafio muscular inducido por el ejercicio, mejorando la recu-
peracién bioquimicay funcional y reduciendo la inflamacidn y el estrés oxidativo. Esta revision sistemdtica tuvo
como objetivo evaluar la eficacia de la fotobiomodulacion (PBM) en la recuperacion del misculo esquelético
después del ejercicio, abordando los diferentes tipos de Idseres y pardmetros utilizados. Se incluyeron ensayos
clinicos aleatorizados (ECA) que compararon los efectos de la PBM. El resultado primario evaluado fue el
desempenio y el secundario fue la expresién de marcadores inflamatorios. Se analizaron los estudios publica-
dos hasta marzo de 2021. Resultados: Se incluyeron quince ensayos clinicos aleatorizados que cumplian los
criterios de inclusion. Hubo una importante variabilidad en cuanto a las dosis y longitudes de onda utilizadas,
asicomo al tipo de Idser. Sin embargo, en la mayoria de los estudios, la PBM promovié una mejor contraccion
voluntaria mdxima, un mejor consumo de oxigeno, un mayor tiempo para alcanzar el agotamiento y la fatiga,
y una disminucién de los niveles de creatina quinasa (CK), del estrés oxidativo y de los marcadores de fatiga,
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especialmente cuando se utiliza antes del ejercicio. La fotobiomodulacién aplicada antes del ejercicio, a pesar
de presentar gran variabilidad de dosis y longitudes de onda, ha demostrado mejorar el desempefio muscular
y disminuir los niveles de marcadores inflamatorios y de fatiga. Nivel de evidencia II; Revision sistemdtica

de estudios de nivel Il.

Descriptores: Terapia por Idser de bajo nivel; Terapia por Idser; Funcién muscular.

DOI: http://dx.doi.org/10.1590/1517-8692202329012021_0412

INTRODUCTION

The practice of physical activity promotes health and quality of
life. However, there is a wide range of risks involved according to each
sport’s physical demand on its practitioners.! Thus, many therapeutic
modalities have been used after sports activities to improve skeletal
muscle recovery, and one of them is Photobiomodulation (PBM). PBM
is a non-pharmacological treatment aimed at decreasing the duration
of the muscle recovery period."* However, the scientific evidence on
the efficacy of this treatment is limited 3>

Itis known that exercise increases the flow of mitochondrial oxygen
and the production of adenosine triphosphate (ATP) in skeletal muscle.
As the main chromophores of PBM are located within the mitochondria,
cells with many mitochondria and high metabolic activity are particularly
responsive to light. Thus, it is hypothesized that PBM use in sports and
exercises increases cytochrome c-oxidase in skeletal muscle fibers, leading
to positive mitochondrial regulation, increasing ATP production.”8 The
increase in ATP production increases energy production and decreases
oxidative stress and the production of reactive oxygen species, delaying
muscle fatigue and improving the status of biochemical markers related
to skeletal muscle recovery. When PBM is applied, an extra amount of
Calcium (Ca*) is transported to the cytoplasm through a process that
promotes cell mitosis, RNA and DNA synthesis and cell proliferation.?

In this context, studies have shown that PBM can limit exercise-
induced muscle damage, improving biochemical and functional recovery
and reducing inflammation and oxidative stress3*°-1* However, it is not
yet a consensus on the literature since some studies showed no results
or even worse results after PBM on muscle recovery after fatigue induc-
tion.*> Besides, there is great variability in the application parameters
(such as power, wavelength, irradiation time and energy) used in the
studies, making it challenging to interpret the results and use them in
clinical practice, even in sporting environments.>'> Therefore, considering
the divergence among the available results, a systematic review in this
field is extremely important to determine the best criteria to be used
so that it is possible to obtain a rapid muscle recovery and the return
of sports activities.

Although there are some systematic reviews in this field,'®"'8 there
are many gaps in this knowledge since many studies analyzed different
variables or had a limited search strategy. This fact does not allow the
conclusion regarding the efficacy of PBM on muscle performance and
inflammatory or fatigue markers. Additionally, some new high-quality
studies are available, which could contribute to the clinical use of PBM.

Therefore, this systematic review aimed to evaluate the effectiveness
of PBM with low-level laser therapy (LLLT) in skeletal muscle recovery after
exercise, addressing the different types of lasers and parameters used.

METHODS

This systematic review is based on Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) checklist structure'® and
was conducted following the methodology described in the Cochrane
Handbook of Systematic Reviews of Interventions.'® A specific question
was formulated based on population, intervention, control, and outcome
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(PICO) criteria. The focus question was: “What is the effect of PBM on
skeletal muscle function?” According to these criteria, the population
consisted of healthy participants, and the comparative intervention was
the PBM compared to no treatment or placebo. The primary outcome
was the performance (assessed by maximum voluntary contraction,
peak strength, time to reach exhaustion, isometric capacity, time on the
pitch, time to achieve fatigue/exhaustion), and the secondary outcome
was the expression of inflammatory markers.

Identification and selection of studies

Two independent researchers conducted an electronic search of
articles published until March 2021, in the databases PubMed/MEDLI-
NE, EMBASE, LILACS, Scielo, using the following search strategy: “(laser
therapy OR low-level laser therapy OR low-intensity laser therapy OR
phototherapy OR photobiomodulation) AND (repair OR regeneration
OR rehabilitation) AND (skeletal muscle)”

The studies were selected and classified as‘included”or “excluded”,
based on the reading of the title and summary of the articles by the
two reviewers, working separately. A third researcher analyzed all in-
consistencies in the choices of the articles by the other two researchers,
and a consensus was reached through discussion. The studies selected
asincluded”were randomized clinical trials, with healthy participants,
an experimental group with laser treatment, the presence of a control
group without treatment or placebo and in all idioms. Exclusion criteria
were: studies in which the intervention group received PBM associated
with another therapy; studies that do not specify the intervention
protocol; studies that include participants with any kind of disease or
pathology; letters, case reports, short communication and studies in
animal and in vitro models.

Data extraction

The relevant data extracted from every study included: the author
name; year of publication; sample size; characteristics of the participants
(gender, age, height, weight, trained or untrained); type of laser used,
wavelength, energy, time of application, power, application protocol
and outcome measures.

Assessment of quality and risk of bias

After selecting the studies, two reviewers independently evaluated
the quality of each study included by using the PEDro Scale (Centre for
Evidence-Based Physiotherapy), in which the studies are classified with
scores from O to 10. The risk of bias in individual studies was evaluated
according to the Cochrane Collaboration’s tool.?° This tool comprises
seven evaluation domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outco-
me assessors, incomplete outcome data, selective out- come reporting
and other sources of bias. The risk of bias assessment for each of the
domains involves classification into three categories: (1) low risk of bias,
when the domain described by the study is considered adequate; (2)
high risk of bias, when the domain described by the study is considered
inadequate; and (3) unclear risk of bias when the study presents insuffi-
cient information for assessing the risk of bias.
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RESULTS

The combined total number of studies obtained through the electro-
nic search strategy was 4174 references, including 3660 from PubMed/
MEDLINE, 27 from LILACS, seven from Scielo and 480 from EMBASE. A
total of 2 publications were obtained in duplicate and eliminated from
the analysis. After exclusions based on the title and abstract, 41 studies

while two included only untrained volunteers. The characteristics of the
laser can be seen in Table 3, which involves many different types and
brands, with wavelength ranging from 640 to 905 nm, energy ranging
from 5 to 480 J and power ranging from 0,05 to 400 w. Table 3 also
presents the protocols for exercises, laser application and evaluation of
the outcomes of strength, fatigue and inflammatory markers.

were selected and evaluated for eligibility. Thus, 15 RCTs"™"° were included
in this systematic review (Figure 1).

Risk of bias assessment

Table 1. Study scores according to the PEDro scale criteria.

Five studies used the red band'7%'3'> with energy densities ranging
from 5to 100 J. In contrast, most studies used the infrared band'-9- 111315

Effects of intervention | 112]3]14]15]161718 10 | 11 | Score
There was a great variability regarding the doses and wavelengths Argf;‘f”‘ sls|s|s|s|s|s]|s s | s | 1010
used and the type of laser. In each variation, different results were ob- Almeida
tained, showing that other PBM parameters may provide distinct effects etals | 2SS S |S ]SS S N | N | 810
on muscle tissue. The heterogeneity of the studies, especially onlaser  “pejjagrana I O I I I I s oo
parameters and treated muscles, did not allow comparisons of the result, etal/
and the meta-analyzes of these data could therefore be questionable i
manaty d DeMarchil s 1 g | s |s|s|s|s]s s | s | 1010
due to a possible bias. etal
De Marchi
Risk of bias ctal] S S S S S S S S S S | 10/10
According to the PEDro scale score, most studies showed high quality, DeMTfh' slslslslsls|sls s | s | 1000
with eight of them reaching the maximum score. Only one study had etal
amean score (5/10) because it did not present the randomization and DeetG:ﬁOy slslis|slsInNINIS N s | 70
blinding process of the sample in the internal validity and did not present o K .
. . . .. . . arkin-raiser
the variability of the data in the external validity, which can be seen in etalt | OSSO S| NINTS N | S| 710
Table 1.The same can be observed in the Cochrane Collaboration’s tool, ko
LarkinKaiserl ¢ | o 1 s | s | s|s|nN]s N s | 810
represented in Figure 2. et als
. . . Mi
Characteristics of the included studies e'traa';ia SIN|IN|S|s|s|IN]|S N[N | 50
We included fifteen RCTs published from 2012 to 2018 in English, Oliveira clolslelololcln s | s | a0
being all conducted in Brazil. Table 2 shows the characteristics of the etal?
participants in the included studies. The studies involved a total of 428 Pintoetal’| S | S| S| S|S|S|]S|S N | S | 910
participants, with samples ranging from 6 to 96. The mean ageranged ~ Vaninetal®| S | S | S | S | S | S| S| S S | S 10710
from 18to 35 years, while the mean height ranged from 169 to 178.8 cm, ZagéiITEO slslslslsls|s!s s s | 1010
and the mean weight ranged from 63.58 to 86 kg. The studies involved etal
participants of both sexes; most of them included trained volunteers, S sS|sfsis]sfs]s 5 |5 10710
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Figure 1. PRISMA flow Diagram of the study selection process.
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Figure 2. Risk of bias summary of the included studies for each domain, according
to Cochrane Collaboration tool.

Table 2. Characterization of the sample.

Characteristics

N | Gender |Trained/Untrained
of the sample

24.10 £ 1.52 years,
Antonialli et al® | 40 Male Untrained 171,44 + 6,22 cm,
67,05 + 538 kg

Almeidaetal™ | 10 | Male Untrained 1910 27 yeas
20,7 £4,7 years, 178,38
7 , . 178,
Dellagrana etal” | 18 Male Runners £55cm, 762+ 72 kg
De Marchietal!® | 22 | Male Untrained 20 to 25 years.
De Marchietal." | 40 Male Active 19 to 29 years.
De Marchietal | 6 Male Football players 18 a 35 years.
Mal
De Godoy etal? | 52 ale and - 18 to 23 years.
Female
. Male and ) 20,0 +0,2 years, 169 +
_ 14 . ’ '
Larkin-Kaiser et al."| 39 Female Active 20 cm, 684 + 18 kg
. Male and 243 £ 497 years, 171 £
N 5 _ ) ) )
Larkin-Kaiser etal”| 9 | e e 778cm, 712+ 116 kg
Miranda etal.”® | 96 Male and Untrained 18 to 35 years
Female
Oliveira et al? 28 Male Football players 18 to 35 years

23,50 + 2,32 years, 178
4,79 cm, 86,00 + 7,63 kg

18,81 £ 0,80 years,
Vanin et al® 28 Male Football players 172,94 + 4,78 cm,
63,58 + 4,46 kg

154 £ 1,2 years, 1739 +
59cm, 683+ 105 kg

Pinto et al# 20 | Male Rugby players

Zagattoetal'? | 20 [ Male | Water Polo players
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with energy densities between 5 and 480 J. Regarding the moment of
application, most studies applied the PBM before the exercise, 75111315
while two studies applied it both, before and after exercise,>'> and one
of the studies did not report the moment that PBM was applied

Table 3 also shows the application area, being them quadriceps,*s°
lower limbs, including quadriceps, hamstrings and gastrocnemius,*”1011.13
biceps brachii,""*'> masseter and anterior temporal® e adductor longus.'
Only one study did not inform the area of application.®

The observed outcomes were maximum voluntary contraction,5
peak strength’ e peak torque,” time to reach exhaustion,*'° oxygen
consumption,'®'? inflammatory markers and oxidative stress,"3* blood
lactate levels and fatigue markers* e CK activity.>%°1?

DISCUSSION

Several studies have been published investigating the effects of PBM
on exercise performance and post-exercise recovery, and there is some
systematic review on this field available in the literature. Leal-Junior
et al,'® for example, concluded that the number for repetitions and
the time until exhaustion increased after phototherapy, mainly when
it was applied before exercises, independent of the wavelength used.
Corroborating to these findings, Borsa et al,,'” found that exposing
skeletal muscle to single-diode and multidiode laser or multidiode
LED therapy was shown to positively affect physical performance by
delaying the onset of fatigue, reducing the fatigue response, impro-
ving postexercise recovery, and protecting cells from exercise-indu-
ced damage. The present study updates the knowledge in this field,
besides presenting strength outcomes, such as time to fatigue and
exhaustion, oxygen consumption, inflammatory and oxidative stress
markers and CK activity.

Strength Outcomes

Most studies analyzed the strength outcome, which was evaluated
by maximum voluntary contraction or peak torque. Antonialli et al.?
using 640, 875 and 905 wavelength combination increased maximal
voluntary contraction with 10 and 30 J by applying PBM on quadriceps.
Similarly, Vanin et al® obtained an increase in the maximum voluntary
contraction, using a dose of 10 and 50 J also on quadriceps, but with
810 nm wavelength only.

De Marchietal." analyzed the isometric capacity with laser applica-
tion in the biceps brachii, with an increase in the same with wavelength
660 and 850 with dose 41,7 J. Almeida et al,,”® analyzing the peak force,
used wavelength of 660 and 830 nm and, unlike other studies, using
a lower dose of 5J. However, it also showed an increase in mean peak
strength with PBM applications in biceps brachii.

Meanwhile, Dellagrana et al.” found no difference in peak torque
during maximum isometric contraction with wavelength 670, 850,
880 and 950 and dE 15, 30 and 60 J. This same study used a different
protocol, performing four sessions of PBM in quadriceps, hamstring
and gastrocnemius regions, with seven days of interval between them.

Time to fatigue and exhaustion

Among the studies that analyzed the time to reach exhaustion, all
obtained an increase in time to reach fatigue, suggesting an improve-
ment in performance. De Marchi et al,,'® De Marchi et al."" and Pinto et
al*used a dose of 30 J, with wavelengths 810 nm, 905 nm and a cluster
of 640, 875 and 905 nm, respectively. All of them applied PBM before
the exercise protocol in the lower limbs.

In the same way, Zagatto et al.? applied PBM in long adductor, using
a wavelength of 810 nm and dose 48J, and Larkin Kaiser et al.'"* used
higher doses (240 and 480J) with the same wavelength, both of them
also demonstrated an increase in time to reach fatigue.
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Table 3. Laser parameters, application protocol and results.

. Wavelength | Energy Time of Id Power . L. .
Kind of the laser (nm) e e e (w)Appllcatlon Protocol Application Site Results
MR4 LaserShower )
50 4D emitter One application  Maximum voluntary
Antonialli | -\t Radiance | 640,875,905 | 10,3050 | 76,228,381 {207 1561 3 minutes before 6 sites of quadriceps, | COntraction with 10and 30 )
etal. ) 19,44 ) | CKactivity except for only
Medical): Cluster exercise protocol. .
: the 50J dose in 96 hours.
de 12 diodos
Tree applications
Almeida with seven days 1 Average peak strength
etalls Thera Lase (DMC) 660, 830 5 100 17,85 between them, 4 sites of biceps brachii. after red (12.14%) and
' 3 minutes before infrared (14.49%).
fatigue exercise.
> Peak torque during
Four aoplications maximum voluntary isometric
urapp ' ) ) contraction. The 15 J dose
Chatanooga being one placebo, 14 sites of lower limbs (8 -
Dellagrana ) 670, 850, . . ) showed beneficial effects on
; Intelect Mobile 15, 30, 60 64 with 7 days between| quadriceps, 4 hamstrings,
etal. 880, 950 ) the neuromuscular economy
Laser 2779 system them, before strength 2 gastrocnemius) )
and run tests during the 8km and 9km run.
' The doses 30 and 60 J showed
benefits only in the 9 km h run.
1 total time to reach
) . One application, 12 sites of lower limbs (6 exhaustion gnd T oxygen
De Marchi Multi-Diodo ) ) ) consumption by pre-
0 ; 810 30 30 5,495 5 minutes before quadriceps, 4 hamstrings, R
etal. Cluster 5 diodos the run test 2 gastrocnernius) exercise irradiation.
: 9 | Lipid (TBARS), SOD
and CK activity.
One application ) ) .
| Cluster (34 LED ) 1 isometric capacity
De Ma:ch\ vermelho e 35 LED 660, 850 47 30 0,05 and 2 'mmutes after Mu;cular wom? of | oxidative stress (TBARS
etal ) 0,15 maximum voluntary biceps brachii.
infravermelho) _ and PC) and CK
contraction.
9 different knee extensor
o and hip flexor muscle 1 time on the pitch
De Marchi | Cluster (4 super- One application locations, 6 knee > distance covered by
" ) 905 30 228 19,44 40 minutes before ' )
etal. pulsed infrared) exerdise flexor muscles and the athlete on the pitch
' hip extensor muscle locations, 1 of CK18,41% in 48 h
and 2 plantar flexor muscles.
De Godoy |Twin Flex Evg\ut\on 780 2% 20 125 3 sites Qf masseter and -
etal? (MM Optics) anterior temporal.
) ) One application,
Larkin Kilser K Laser (near 800, 970 360 240 3 before resistance 15 sites of biceps brachii. >
etal. infrared laser)
protocol.
One application
Larkin-Kaiser| Lite Cure (near- of each dose with
5 ) 810, 980 240, 480 120 1,16,2,33 | 48 hours between - 1 the time to achieve fatigue
etal. infrared laser)
them, before
fatigue protocol.
Miranda MR4 Laser Therapy One application 5 to 9 sites of quadriceps, 6 1 percentage of oxygen
ot a3 Sistens Cluster 640, 875, 905 30 228 0,71 10 minutes before sites of hamstring and 2 consumption and time
) 12 diodes and after aerobic test. of the gastrocnemius. to exhaustion
| LDH and CK at 24, 48.72 and
The application was 96 hours after the protocol.
Oliveira ) 100,200, | 2 minutes before 6 sites of quadriceps of | LDG and CK at 200mW
etal? Cluster 5 diodes 810 10 100,50, 25 € 60 400 e0 exercise and 3 non-dominant lower limb. and 400mW.
minutes after exercise) < inflammatory markers
and oxidative stress.
MR4 Laser Therapy _
- ) : ) 1 Average sprint time
Systems - Cluster 03125 15 One application 9 sites of quadriceps, 6 sites and fatique index
Pinto etal*| com 12 diodes | 905, 875 e 640 30 228 ' ! before exercise of hamstrings and 2 sites 9 ’
o el75 . | Blood lactate levels
(Multi raiance protocol. of the gastrocnemius. )
¢ and fatigue markers.
Medical)
1 Maximum voluntary
contraction after exercise
Thor Two minutes before for up to 24 hours with
Vanin et al®| Photomedicine - 810 10,30,50 | 60, 180, 300 5495 | maximum voluntary 6 sites of quadriceps. 50J dose and after 24 to
Cluster 5 diodes contraction test. 96 hours with 10J dose.
| CKand IL6 at 10J and 50J
« J30J.
Six applications, 5 > 200-meter shot
Zaga:tf Laser infravermelho 810 48 30 357 to 40 minutes after | 8 sites of adductor longus. 1 30-second performance
etal. (DMC) o ) after 48 hours.
each training session. L K

1 increase; | decrease; «> no difference.
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Oxygen consumption

Regarding oxygen consumption, both studies that analyzed this
variable obtained an increase in oxygen consumption.'®'* De Marchi
et al.®used a single wavelength of 810 nm with dose 30J, PBM was
applied in quadriceps, hamstrings and gastrocnemius, while Miranda
et al.”® used wavelengths of 640, 875 and 905 nm, with the same dose
of 30 J and regions of application.

CK activity and inflammatory markers

Most studies analyzed the outcome of CK activity, inflammatory
and oxidative stress markers. Among all the studies that investigated
the outcome of inflammatory and oxidative stress markers, only one
found no difference in inflammatory markers but showed a decrease
in CK activity, using 810 nm and dE 10 J in quadriceps.

Antonialli et al.” applied PBM in quadriceps with wavelengths of
640, 875 and 905 nm and dose 10, 30 and 50J, and also demonstrated a
decrease in CK activity only with dose 50J. On the other hand, De Marchi
et al.'" only noted a reduction in CK in one time of analysis, being that
in 48 hours, applying PBM with 905 nm and dose 30J in lower limbs.

With this same dose, 30 J, De Marchi et al.’® and Pinto et al.* de-
monstrated a decrease in oxidative stress (TBARS and PC), CK activity
and blood lactate and fatigue markers, using a wavelength of 810 nm
and 640, 875 and 905 nm, respectively. De Marchi et al.! also analyzed
oxidative stress markers (TBARS and PC) and CK activity with PBM applied
in biceps brachii using 660 and 850 nm and dose 41,7 J and demonstrated
a decrease in these markers.

Zagatto et al,'> despite performing different application protocols,
with six application sessions after exercise, also presented a decrease
in CK activity with 810 nm and dose 48J.

Aerobic Training

The study of De Marchi et al.'" was conducted with six professional
athletes, performing phototherapy treatments before matches (40 minutes)
and using 905 nm and 30 J. Blood samples were collected before treatments
and immediately and 48 h after the end of the matches. The authors showed
that PBM significantly increased staying in the pitch and improved all the
biochemical markers evaluated. No statistically significant difference was
found for the distance covered. The study suggests that pre-exercise PBM can
enhance performance and accelerate the recovery of high-level futsal players.

Moment of Application

Regarding the moment of application, ten articles applied PBM before
exercise,*"9111315 while two applied after''?and two performed before

and after.3'3 Only one study did not inform the time of application, but
also showed no significant differences?

Of the studies that applied PBM before exercise or fatigue protocol,
only one reported no significant differences,™ two others reported less
effect on maximal voluntary contraction and time to exhaustion.>” While
other studies have reported beneficial effects such as increased maximal
voluntary contraction, increased peak strength, neuromuscular economy
while running, increased oxygen uptake and time to exhaustion, and
decreased CK activity, blood lactate levels. and markers of fatigue #6791015

Analyzing the studies that applied PBM after exercise, both showed
a decrease in the concentrations of biochemical markers of oxida-
tive stress (TBARS and PC) and CK levels. De Marchi et al." specifically
presented an increase in isometric capacity assessment, while Za-
gatto et al.”” reported that there was no significant difference in the
200 meters shot, but there was a moderate increase in 30-second
performance after 48 hours.

Only two studies performed irradiation before and after exercise or
phage protocols. Oliveira et al.2 applied PBM 2 minutes pre-exercise and
3 minutes post-exercise and demonstrated decreased CK activity, and
improved maximum voluntary isometric contraction at all post-exercise
analyzed times (24, 48, 72 and 96 hours). Miranda et al.” applied PBM 5
to 10 minutes before and immediately after the treadmill aerobic test. It
could be observed that the laser applied before and after aerobic exercise
led to a significant increase in the percentage of oxygen consumption
and time to exhaustion.

Limitation of study

One limitation of this systematic review is that despite the studies
included had good quality, data showed great variance in laser parame-
ters and treated muscle. This heterogeneity of the data made statistical
analysis impossible by meta-analysis.

CONCLUSION

These findings demonstrate that PBM showed good results in skeletal
muscle recovery after exercise. In most studies, it promoted improve-
ment of maximum voluntary contraction, better oxygen consumption,
increased time to achieve exhaustion and fatigue, and decreased the
levels of CK and oxidative stress and fatigue markers. Even considering
that the red band has a more superficial effect, better results were ob-
served when the PBM was applied before exercise in both wavelengths.
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