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I Abstract
Introduction and Objective. Aspects of muscle function (AoMF), such as strength, power, torque, local muscle endurance,
and hypertrophy, have a major influence on physical fitness and functional performance. Photobiomodulation (PBM) has
been used to improve performance in resistance exercise. The aim of this study was to identify the effects of PBM on the
AOMF, and to verify the dosimetric parameters of the intervention.
Review Methods. The review followed the PRISMA guidelines. The databases used were PubMed, Web of Science, Scopus,
Embase, Lilacs, Cochrane, LIVIVO, CINAHL, PeDro, Open Grey, Google Scholar, and CAPES Thesis and Dissertation. To be
included, the studies had to be applied to healthy humans of either grender or age group, report the effects of PBM, present
variables of muscle strength, torque, power, and hypertrophy.
Brief description of the state of knowledge. The database search resulted in 3,092 records, as well as additional records
identified through other sources — PEDro with 793 records and Capes Thesis and Dissertation with 1,492 records, a total of
5,377 records. After removing duplicates, 4,796 records remained. After reading the titles and abstracts, 56 records remained,
which were read in full and evaluated according to the review criteria. 29 studies were eligible for inclusion based on the
inclusion and exclusion criteria of this scoping review.
Conclusion. It was possible to observe similarities in the studies, especially the moment of application being the pre-exertion

moment, the dose of energy applied per point was 30J, and the wavelength — 808-810nm.
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INTRODUCTION

Aspects of muscle function (AoMF), such as strength,
power, torque, local muscle endurance, and hypertrophy,
have a major influence on physical fitness and functional
performance [1-3]. Muscle strength is defined as the ability of
muscle to develop effort against a given resistance, and is an
important component of health-related fitness [4]. Counter-
resistance training increases the muscle cross-sectional
area (hypertrophy) which, together with neural adaptation,
enhances motor unit recruitment, optimizing muscle force
production and performance [5].

Used in association with counter-resistance training,
photobiomodulation (PBM) is a non-invasive, non-
pharmacological therapy widely used to treat a variety
of musculoskeletal disorders [6,7] PBM encompasses the
application of low-level laser therapy (LLLT) and/or light-
emitting diodes (LEDs) on a target tissue [8]. PBM has
emerged as an intervention modality in which photons
interact with biological tissues, producing physiological
and therapeutic effects that positively influence muscle
performance [9].

PBM has been used to improve performance in resistance
exercises. Photon energy interacts with cell mitochondria,
promoting structural changes (appearance of giant
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mitochondria) and metabolic changes (increased oxidation
of enzymatic activities), increasing energy synthesis (ATP)
[6]. It is also possible that PBM potentiates the hypertrophic
response by stimulating satellite cell proliferation and,
consequently, muscle strength gains resulting in increased
muscle capacity to overcome a maximum load [10, 11].

However, there are contradictory effects of this AoMF
optimization, suchasstrength, torque, power,and hypertrophy,
as well as functional capacity; a possible explanation for these
discrepancies may be the methodological difference between
the studies, including the experimental design, sample
characteristics, muscle performance measurement, and
inclusion (or not) of resistance training [12]. Furthermore,
it is speculated that these contradictory findings are due to
the biphasic characteristic of the tissue response produced by
the dose of PBM, which generates null, positive, or inhibitory
effects according to the amount of energy delivered to the
target tissue [13]. Factors such as wavelength, irradiation
dose, treatment frequency, and application sites can influence
therapeutic results, as tissue depth and attenuation determine
the quality of the therapeutic effect on tissue [6,14].

Thus, the objective of this scoping review was to identify the
PBM effects on the AoMF determinants of functionality, as
well as to verify the dosimetric parameters of the intervention.


https:\\orcid.org\0000-0003-4447-7153
https:\\orcid.org\0000-0002-2025-568X
https:\\orcid.org\0000-0002-3149-0896
https:\\orcid.org\0000-0002-5520-441X
https:\\orcid.org\0000-0003-0565-2019
https://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

Journal of Pre-Clinical and Clinical Research 2023, Vol 17,No 1

33

Isabela Hoerner Cubas, Joana Anair Eckert, Leticia Vitéria Canalli, Alberito Rodrigo de Carvalho, Gladson Ricardo Flor Bertolini. Photobiomodulation in aspects of...

MATERIALS AND METHOD

Sources of information from research strategy. The
presented review systematically followed the Scope Review
(PRISMA) format guidelines. PICO (population, intervention,
comparator/control, and outcomes) was used to develop the
search strategy. In early June 2021, medical databases with
the following libraries were searched: PubMed, Web of
Science, Scopus, Embase, Lilacs, Cochrane, LIVIVO,
CINAHL, PeDro, Open Grey, Google Scholar, and CAPES
Thesis and Dissertation were included for the review The
terms used to search the manuscripts: optimization of muscle
function aspects/photobiomodulation/control, placebo/
AoMEF (Tabl.1). The search strategy had no restriction on
language, date or publication status.

Table 1. Article PICO search strategy

PICO Search Terms
1 Problem Optimization of muscle function aspects
2 Intervention  Photobiomodulation
3 Comparison Control/Placebo
4 Results Strength, torque, power and muscle hypertrophy

Study Selection. Two reviewers independently screened the
titles and abstracts to determine the eligibility of the studies.
A third reviewer resolved any disagreements. Full texts of
published articles related to the titles that examined the
effects of FBM on AoMFs were identified and included. For
inclusion in this review, articles had to meet the following
criteria: 1) healthy persons, 2) any age group and gender, 3)
report effects of PBM, 4) variables of muscle strength, torque,
power, and hypertrophy. Studies with other modalities except
exercise, traditional treatment, and other electrotherapy
modalities combined with PBM, were excluded. Studies on
protocol and books were also excluded.

Outcomes. Changes in muscle strength, muscle hypertrophy,

power, and torque were the main result of this study. The

review attempted to address the following questions:

o Does PBM produce positive effects on the AoMF of muscle
strength, power, torque and hypertrophy?

o What are the most effective doses for AoMF?

Data Extraction. Two reviewers independently extracted
data using a standardized form. Disagreements were resolved
by discussion or, when necessary, by a third reviewer.

Details of the studies on baseline demographic data,
treatment prescription (type of PBM and dosimetric
parameters), participant characteristics, and outcomes
(muscle strength, muscle hypertrophy, power and torque)
were preferably extracted from published data. Where
necessary, an e-mail was sent to the corresponding author
for further information. If no response was obtained within
a week or no information was available, contact with other
authors was sought. If after three weeks the authors did not
respond to contact attempts, data from their studies were
not included in the analysis.

RESULTS

Study Flow. The database search resulted in 3,092 records;
additional records were identified through other sources -
PEDro with 793 records and Capes Thesis and Dissertation
with 1,492 records, a total of 5,377 records. After removing
duplicates, 4,796 records remained. After reading the titles
and abstracts, 56 records remained, which were read in full
and evaluated according to the review criteria. Finally, 29
studies were eligible for inclusion, based on the inclusion and
exclusion criteria of this scoping review (Fig. 1).
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Figure 1. Flow of studies through the review

Study Characteristics. This review comprised 29 studies,
totalling 859 participants, of whom 324 were women, 455
were men, and 80 were unspecified. The sample size ranged
from 12-60 participants, aged 18-70 years (Tab. 2).

SYNTHESIZED RESULTS

Torque. Fourteen studies analyzed the variable torque and
peak torque (Nm). Nine studies showed favourable results,
i.e., with a significant difference of PBM on this outcome
[6, 8-11, 15-18] and five studies showed no significant
differences [13,19-22]. Almeida et al. [11] cited torque, but
presented unit of force (kg/f).

Power. Four studies analyzed the power (W.kg™ ou W); two
studies showed favourable PBM results on this endpoint
[9,18]; two studies did not show significant differences [22,23]
(Fig. 2).

Strength. Seven studies analyzed the effects of PBM on
strength (normalized, Ib, or N). One study showed favourable
results [24]. Four studies did not show significant differences
[14, 25-27]. One study showed unfavorable results [28].
Another study analyzed grip strength (N) and showed
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Figure 2. Frequency of AoMF results

favourable results [29] (Fig. 2).

Seven studies analyzed strength through 1 RM (1 repetition
maximum in Kg), and five studies showed favourable results
of MBF on this outcome [6, 11, 18, 30, 31]. Two studies did
not show significant differences [19, 32].

Five studies analyzed force by means of maximum
voluntary contraction (N or Nm), three studies showed
favourable results [31, 33, 34]. One study showed no
significant differences [12]. One study showed unfavourable
results within 24 hours and favourable results after 48 and
74 hours [35].

Hypertrophy. Seven studies analyzed the effects of PBM on
hypertrophy (normalized diameter/perimetry or in cm or
thickness in ¢cm). Three studies showed favourable results
[6,10,33]. Four studies did not show significant differences
[19, 25, 26, 31] (Fig. 2).

Treatment protocol. Regarding the type of PBM, 19 studies
applied laser treatment, five applied LED, and five applied
cluster - laser and LED together. One study performed laser
acupuncture treatment [26].

The wavelengths used for low-power laser application
ranged from 655nm [17], 660nm [23], 800nm [28], 804nm
(18], 808nm [6, 12, 21, 22, 32, 33], 810nm [10, 15, 34, 35],
820nm [36], 830nm [20, 26] and 970nm 1[6,28]. Wavelengths
used in LED include 630nm [24], 638nm [29], 830nm [25],
850nm [30] and 880nm [8]. Among the wavelengths used
in clustering are 850nm (laser) and 630nm (LED) [11],
850nm (laser) with 670nm, 880nm, and 950nm (LED) [13,
27], 850nm (laser) [35], and 905nm (laser) with 875nm and
640nm (LED) [31].

The output parameters of power, energy, and power density
varied widely. The output power ranged from 10 mW - 720
W. The delivered energy ranged from 1.92 ] - 1,680 J total
energy. The energy density ranged from 0.9933 J/cm?* - 357.14
J/cm?. Regarding emission frequency, 16 studies showed
continuous emission, other studies showed 10 Hz [25, 26],
5Hz [28],250 Hz [9], 2000Hz [33], 13 KHz [21], seven studies
did not report [10, 14-16, 23, 32, 34].

Regarding the timing of MBF application, 14 studies
applied MBF before exercise [8-11, 15-17, 19, 22, 26, 27, 29,
33, 34] and seven studies applied it after exercise [6, 18, 21,
24,25, 28,30]. In two studies, there was no exercise protocol
12,13. One study performed the application between exercise
series [32], two studies performed application before and/or
after exercise [31, 35], one study presented a protocol with
neuromuscular electrical stimulation to simulate exercise, the

application of the intervention occurred before this protocol
[20], another study performed the application before and
during exercise [23], and one study did not report [14].

DISCUSSION

The objective of this scoping review was to identify the effects
of the PBM on the determinants of functionality of AoMF, as
well as to verify the most appropriate dosimetric parameters
for this intervention. Of the 29 included studies, 16 were
identified as favourable to the use of PBM in AoMF, which
influences muscle performance.

The hypotheses pointed out by Baroni et al. [10] to explain
the results related to the improvement in muscle performance
are mainly based on evidence regarding the effects of the
laser beam on mitochondrial function, since photons that
penetrate the cell membrane are absorbed by specific enzymes
in this cell organelle (such as cytochrome C oxidase), and for
generating physiological responses, such as increased ATP
production rates a few minutes after laser irradiation [38, 39].
In addition, it could contribute to an ergogenic effect during
exercise by increasing intramuscular microcirculation,
decreasing lactic acid production, and improving the anti-
oxidant capacity of exercising muscles [10]. Ferraresi et al. [6]
indicate that improved physical performance is provided by
decreased creatine kinase activity, increases in antioxidant
levels, and improved microcirculation and lactate removal.

Another factor stimulated by PBM is the acute increase
in intravascular nitric oxide concentration, which may be
a possible mechanism of performance improvement, since
it causes vasodilation and increased tissue temperature and
oxygenation, with a subsequent increase in neurotransmitters
and an improvement in muscle fibre contraction [29].
Furthermore, PBM-treated muscles have less resistance
capacity decrease during exercise, allowing greater muscle
work per workout, generating greater mechanical tension,
being a primary factor responsible for initiating the
hypertrophic response and muscle mass gain, information
that contributes to the result of strength gain [10].

Loss of muscle strength and oedema are common signs
observed after excessive exercise and are related to an
inflammatory process that increases the release of tumour
necrosis factor alpha (TNF- o). TNF- a is an inflammatory
mediator and affects muscle oedema and muscle contraction
[25, 40]. Phototherapy with a wavelength of 830nm can
decrease TNF-a levels, and enhance cytokine expression
during muscle damage repair after exercise [41], thus
disrupting the signalling response of the inflammatory
process response to muscle remodeling through activation of
satellite cells, which could explain the lack of positive results
for post-exercise phototherapy [31]. This would also explain
the findings that most of the studies that showed favourable
results used PBM at the time before exercise; however, it
should be taken into consideration that the number of studies
that performed the intervention before exercise was twice as
many as those that used it post exercise.

Vassdo etal. [22] postulated that PBM prevents reductionsin
muscle membrane potential excitation, likely due to increased
electron transport and mitochondrial respiratory chain
ATP synthesis, providing more energy for muscle control.
Thus, providing a positive effect on biochemical changes in
mitochondria, improving the oxidative characteristics of
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muscle fibres, and controlling the redox balance that could
have contributed to increased ATP availability [18].

In addition, muscle contractile function may be associated
with inadequate blood flow, and the laser provides a
median vasodilation that may be responsible for increased
skeletal muscle function and attenuated force loss, where
it increases the supply of oxygen and other substrates to
exercise muscle, increasing its ability to perform work [16].
Finally, the frequency of energy use at or near 30] per spot
(approximately 31% of favourable studies), usually before
exercise, demonstrates satisfactory results with respect to
AoMF, which appears to be an adequate dose for such effects.
However, regarding the wavelength of the low power laser, it
is hypothesized that wavelengths of 808 — 810nm promote
more satisfactory results for AoMF, as approximately 37.5%
of favourable studies used this wavelength. It is believed that
optimal wavelengths are near 810 - 840 nm, since in these
regions the surface chromophores have weak absorption,
and therefore there is maximum penetration of light into
the skin, generating an optimal window of penetration and
absorption by organic molecules [38].

One point to be highlighted is that among the studies
analyzed, only one showed unfavourable results of the PBM
in relation to the strength developed, but 11 studies showed
advantages of the use of PBM and seven showed no results.
Analyzing hypertrophy, four studies showed no advantageous
effects from the use of PBM, but three indicated greater
muscle hypertrophy. There was a balance of two articles
indicating power gains and two did not; nine studies showed
torque gains, while five studies did not go in this direction.

Therefore, since this type of review addressed broad
questions with different study designs and the dosimetric
issues were not well elucidated, future research should
focus on the dosimetry of PBM over AoMF. Although a
complex search strategy was performed, there is a lack of
standardization in the nomenclature of the types of PBM
therapy among the published articles. Therefore, some studies
may not have been found or evaluated due to this variation.

CONCLUSION

After analyzing the extent of the literature on the use of
PBM in AoMF, it was possible to conclude that there are
beneficial and favourable effects in AoMF. It is noteworthy
that the application at the pre-exercise moment, with an
applied energy dose per point of 30] and wavelength of 808
- 810nm, proved to be advantageous; however, clarification
is still needed on dosimetric issues and standardizations,
since there are still several studies, mainly with dosimetric
parameters different from those indicated above, which do
not show advantages of PBM.
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