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Abstract Recent studies have explored if phototherapy with
low-level laser therapy (LLLT) or narrow-band light-emitting
diode therapy (LEDT) can modulate activity-induced skeletal
muscle fatigue or subsequently protect against muscle injury.
We performed a systematic review with meta-analysis to
investigate the effects of phototherapy applied before, during
and after exercises. A literature search was performed in
Pubmed/Medline database for randomized controlled trials
(RCTs) published from 2000 through 2012. Trial quality
was assessed with the ten-item PEDro scale. Main outcome
measures were selected as: number of repetitions and time
until exhaustion for muscle performance, and creatine kinase
(CK) activity to evaluate risk for exercise-induced muscle
damage. The literature search resulted in 16 RCTs, and three
articles were excluded due to poor quality assessment scores.
From 13 RCTs with acceptable methodological quality (>6 of
10 items), 12 RCTs irradiated phototherapy before exercise,
and 10 RCTs reported significant improvement for the
main outcome measures related to performance. The time
until exhaustion increased significantly compared to
placebo by 4.12 s (95 % CI 1.21-7.02, p<0.005) and the
number of repetitions increased by 5.47 (95 % CI 2.35-8.59,
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»<0.0006) after phototherapy. Heterogeneity in trial design
and results precluded meta-analyses for biochemical markers,
but a quantitative analysis showed positive results in 13 out of
16 comparisons. The most significant and consistent results
were found with red or infrared wavelengths and phototherapy
application before exercises, power outputs between 50 and
200 mW and doses of 5 and 6 J per point (spot). We conclude
that phototherapy (with lasers and LEDs) improves muscular
performance and accelerate recovery mainly when applied
before exercise.

Keywords Low-level laser therapy - Light-emitting diode
therapy - Exercise performance - Exercise recovery - Sports

Introduction

Muscle fatigue is often described as the gradual activity-
induced decrease in contractile function, and thereby
reduction in the capacity to generate force. Skeletal muscle
fatigue occurs during heavy and/or prolonged muscle activity,
and it is a complex and multifaceted process involving
physiological, biochemical and psychological elements [1].
Due to large variability of muscle characteristics between
subjects, it is difficult to determinate an accurate fatigue
threshold [2].

Electrophysical agents, such as low-level laser therapy
(LLLT) and light-emitting diode therapy (LEDT), have been
investigated in the treatment of muscle injuries [3]. But more
recently, the research focus has been expanded to include
delayed development of muscle fatigue and prevention of
muscle injury. In brief words, LLLT and LEDT seem to induce
photochemical effects in cells through the absorption of light
by photoreceptors [4, 5]. This phenomenon is often described
as “photobiostimulation” or “photobiomodulation” [6].
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Photobiomodulation occurs through the application of
monochromatic or narrow-band light in tissues and may
influence cellular activity by either stimulation or inhibition
of chemical and physiological functions. The magnitude of
the photobiomodulation effect is influenced by wavelength,
energy density (or fluence), power density, type of injury, and
the absorption spectrum of photoreceptor [4, 7]. In the
pioneering animal study on muscle fatigue and phototherapy,
Lopes-Martins et al. [8] observed a possible protective effect
of phototherapy against muscle damage and fatigue
development in rats submitted to electrically induced muscle
contractions. Recent studies have used LLLT and LEDT
phototherapy to evaluate if pre-treatment with phototherapy
can affect exercise performance and decrease creatine kinase
(CK) activity and blood lactate production [9].

It is important to mention that muscle injuries are common
in sports and often lead to loss of muscle function and
consequently decreases the quality of life in injured athletes
[10]. In addition, better performance in training and
competitions has always been sought by athletes, and a
hundredth of a second can make the difference between
successful results or not for high-level athletes.

In this perspective, phototherapy seems to emerge as a
promising non-invasive if it enables a delay in development
of fatigue and preservation against muscle injuries. The
aim of this study was to perform a systematic review of
phototherapy effects (LLLT and LEDT) on exercise
performance and preservation against muscle damage (i.e.,
muscle recovery).

Methods
Search strategy

A literature search was performed in PubMed and
MEDLINE databases for randomized controlled trials
(RCTs) published from 2000 through 2012. Study
identification commenced by electronic searching, from
October 1st to December 20th 2012. Search terms used
were as follows: LLLT, LEDT, skeletal muscle, muscle
performance, and phototherapy. An overview of the systematic
review process is seen in Fig. 1.

Quality assessment

Two independent reviewers assessed the quality of
included trials by the ten-item validity criteria on the PEDro
(physiotherapy evidence database) scale [11]. Standardized
forms were developed in order to extract data information
from each trial included in the review.

@ Springer
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Fig. 1 Flowchart showing studies included in the review. * The sum of
articles for each category add more than the total number of the articles
included in the review because some studies reported more than one
outcome assessed

Inclusion criteria

Articles were included if they used phototherapy (LLLT or
LEDT) to modulate skeletal muscle performance in healthy
subjects or early biochemical markers of muscle injury.
Studies were selected by the following inclusion criteria:
RCTs, outcomes of fatigue development (time to exhaustion,
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Table 2 (continued)

Percentage of improvement Score

Positive

Summary of results

Outcomes analyzed When

Number of
active

Duration
of trial

Exercise protocol

Authors

Pedro
scale

in performance

effects in

phototherapy
was applied?

performance

phototherapy
treatment

YES 2.02 % 6/10

LLLT increased VO, max and

Before exercise

Exercise performance

One

Progressive running 8 days

De Marchi

time until exhaustion, decreased

CK and LDH activity,

(VO, max), time until
exhaustion, CK,
LDH, oxidative
stress, and

protocol in treadmill

et al. [27]

decreased oxidative stress and

increased antioxidant activity

antioxidant activity
Peak and average force

LLLT increased average strength ~ YES Peak force: red laser 8/10

Before exercise

Isometric contraction of 15 days  Two

Almeida et al.

12.14 %, infrared laser
14.49 %; Average force:

red laser 13.09 %,

and peak strength

elbow flexors

(28]

infrared laser 13.24 %

LLLT Low-level laser therapy, LEDT Light-emitting diode therapy, PL Placebo, 7LG training with LLLT, 7G Training only, CG control group

number of repetitions, muscle force), and/or biochemical
markers related to risk of developing muscle injury.

Studies that investigated drugs or other electrophysical
modalities than phototherapy (LLLT and LEDT), and
studies that did not include control groups were excluded.
Additionally, studies scoring less than 6 in the methodological
assessment by the PEDro scale were also excluded from the
analysis.

All articles were analyzed in their entirety through a
structured protocol for the following items: method scoring
by the PEDro scale based on the Delphi list [12], outcome
measures, and result presentation. For the meta-analysis,
means and variance data were extracted from the included
trials. If values were only presented in graphs, absolute values
were visually extracted and imputed in the meta-analyses. For
the meta-analyses, the software package REVMAN ver. 5.1.4
was used. We used analyses of weighted mean differences
between LLLT/LEDT and control groups in fixed effects
models, unless significant heterogeneity was detected. In the
latter case, a random effects model was picked for analysis.

Results

Sixteen abstracts met the inclusion criteria and were then
assessed for methodological quality with the PEDro scale.
The average methodological quality of the 13 selected studies
was 7 on the PEDro scale, whereas three studies were
excluded with method scores of four [13—15]. Ten studies
reported positive effects in favor of phototherapy regarding
improvement of performance and three reported neutral
effects. The parameters of the laser or LED in RCTs are shown
in Table 1.

The different exercise protocols, trial designs and PEDro
scores are shown in Table 2.

An overview of blood lactate levels, CK activity, C-
reactive protein (CRP) levels, number of repetitions, time to
exhaustion, lactate dehydrogenase (LDH) activity, peak force,
and peak power performed during exercise protocol,
maximum voluntary contraction (MVC), work performed,
one-repetition maximum (1RM) test, and electrical muscle
activity in RCTs are showed in Tables 3, 4, 5, 6, 7.

Similarly, Table 8 summarizes outcome measures used and
group results across the included trials.

The outcome measures selected to analyze the combined
effects of phototherapy in performance and fatigue were
extracted as: number of repetitions [16, 18, 20, 22] and time until
exhaustion [16, 18, 20, 22, 23, 27]. Other outcome measures like
serum CK activity to assess risk of muscle damage [19-22, 25,
27], maximal voluntary contraction [24, 25, 28], muscle power
[19, 21], torque [17, 26], electrical muscle activity [23], and
oxygen uptake [27] were not combined due heterogeneity in
trial designs, muscles involved, and results (Table 2).
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Almeida

LLLT low-level laser therapy, LEDT light-emitting diode therapy, PL Placebo, TLG training with LLLT, 7G training only, CG control group

The meta-analysis showed consistent and significant results
in favor of phototherapy for the main outcome measures. The
time until exhaustion (Fig. 2) increased significantly by 4.12 s
95 % CI 1.21-7.02, p<0.005) after phototherapy with no
significant heterogeneity (/=0 %) when compared to placebo
control. The number of repetitions (Fig. 3) also increased by
5.47 (95 % CI 2.35-8.59, p <0.0006) after phototherapy with
no significant heterogeneity (/=0 %) when compared to
placebo control. Other measures of muscle performance
(1RM, maximal voluntary contraction, peak force, and work
performed), showed similar results with 10 out of 15
comparisons significantly in favor of phototherapy groups.

For CK activity, which may be suggestive of an increased
risk for muscle damage, results were too heterogeneous to
perform a meta-analysis. However, phototherapy groups had
significantly lower CK activity in six out of six comparisons
with placebo control. For other outcomes with biochemical
markers (LDH, lactate, and CRP), seven out of ten
comparisons were significantly in favor of the phototherapy
groups when compared to placebo.

The positive and consistent results were obtained
using phototherapy sources (laser and LED) with 640,
655, 660, 808, 810, 830, and 850 nm wavelengths, doses
from 0.3 J to 41.7 J per point or site, and power output
from 10 to 200 mW per spot. The most significant
results were achieved with higher power outputs (100
and 200 mW) and energy doses between 5 and 41.7 J per site
irradiated. The improvement in performance was 2 % up to
57 %, and CK activity decreased from 11.6 % to 83.2 % with
active phototherapy.

Discussion

Phototherapy effects have been investigated in several
biological processes such as analgesia, inflammation, and
tissue healing [29]. Previous systematic reviews in this area
are few, and they have not quantified main outcome measures
by meta-analyses or investigated dose—response relationship
or optimal doses [30]. Since the first finding of LLLT on
muscle damage and fatigue development in rats by Lopes-
Martins et al. [8], several studies have been published
investigating its effects on exercise performance and post-
exercise recovery.

The large amount of studies included in this systematic
review shows consistent positive results of LLLT and LEDT in
delaying muscle fatigue, mainly when pre-exercise treatment
is performed. On the other hand, Ferraresi et al. [26] irradiated
post exercise with LLLT and found an increase of 28.76 % in
muscle performance (1RM test) in the laser-treated group
compared to training group. This suggests that strength
training may be successfully combined with post-exercise
LLLT as well.
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LLLT/LEDT Placebo Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% Cl
De Marchi 2011 711 87.5 22 697 83.6 22 0.3% 14.00[-36.57,64.57] * »
Kelencz 2010 42.2 14.7 10 334 124 10 5.9% 8.80([-3.12, 20.72] —
Leal 2008 53.8 10.6 6 41.1 10.5 6 5.9% 12.70 [0.76, 24.64]
Leal 2009 47.4 11.5 10 42.5 13.8 10 6.8%  4.90[-6.23, 16.03] —
Leal 2009b 37.2 6.5 10 343 6.8 10 24.8% 2.90 [-2.93, 8.73] —T—
Leal 2010 41.3 S 9 38.2 3.2 9 56.1% 3.10 [-0.78, 6.98] T
Total (95% CI) 67 67 100.0% 4.12 [1.21, 7.02] <o
. 2 _ L2 . X 4 4
Heterogeneity: Chi* = 3.18,df = 5 (P = 0.67); I° = 0% 50 0 ) 0 20

Test for overall effect: Z = 2.78 (P = 0.005)

Favours Placebo control Favours LLLT/LEDT

Fig. 2 Relative risk of increase time to exhaustion in phototherapy-treated versus placebo-control groups in six trials reporting categorical data

In one of the trials that did not find positive results for
LLLT [17], neuromuscular electrical stimulation was
employed to induce skeletal muscle contractions, and pre-
exercise phototherapy treatment was applied with LLLT
scanning, which dilutes energy density and could explain their
absence of positive results. The scanning application method
implies greater energy loss by refraction, and consequently
lower absorption of light by increasing angle and relative large
distance between laser beam and human skin (and also the
target tissue: quadriceps muscle). The area of irradiation was
about 50 cm?, and consequently, the beam angle exceeds
15 deg and, therefore, a considerable amount of light would
be reflected and consequently not absorbed in half of the
irradiated area. In addition, the scanning method implies that
muscle cells only get irradiated for some tenths of a second
every 20 s, which is clearly insufficient. The trial was also
underpowered with a small sample of five participants, and
type II error cannot be excluded.

Leal Junior et al. [19], in a study comparing the effects of a
single diode LLLT with a cluster of LEDT before high intensity
exercise, found decreased levels of CK after exercise only when
subjects were irradiated pre-exercise with LEDT, but with no
changes in blood lactate levels or performance in both groups.
The nonsignificant results may be explained by the small irradiated
area in the rectus femoris muscle and several large muscle groups
involved in a Wingate test. It is noteworthy that the main outcome
of this study was decreased levels of CK, an important marker of
muscle damage that is linked to muscle recovery.

The vast majority of LLLT studies show positive results if
applied stationary for at least 30 s of irradiation. This seems to

be crucial for achieving positive effects from phototherapy.
It has been suggested that phototherapy has a biphasic
dose—response pattern. This means that low energy doses
lead to no effect, intermediate energy doses lead to
stimulatory effect, and high doses lead to inhibition of
cellular activity [4].

On one hand, it can be argued that the observed effects from
phototherapy in muscle performance are small. But it is
interesting to note that the positive effects of phototherapy seem
to be even more consistent for surrogate outcome measures like
the biochemical markers. This increases the credibility of the
positive outcomes seen for muscle performance measures,
because it strengthens the notion that there are underlying
photochemical processes responsible for the observed effects.
In addition, several of the nonsignificant results can be explained
by insufficient irradiation either from too low doses or too small
areas covered by irradiation. For other conditions like
tendinopathies and arthritis, several authors have found correct
dosing to be crucial for achieving effects [31-33]. It is important
to highlight that the majority of the included studies (92 %) used
phototherapy before exercise [16-25, 27, 28]. The positive
effects of the phototherapy application prior to exercise seem
not only to improve muscle performance but also to prevent
injuries due muscle fatigue and improve post-exercise recovery.

The most common hypotheses for LLLT mechanisms are
increased mitochondrial activity and ATP synthesis,
acceleration of the resolution of inflammation [16, 18, 20,
22, 26]. But integration between the production of ATP
aerobically and anaerobically involving phosphocreatine
resynthesis, and removal and oxidation of lactic acid by

LLLT/LEDT Placebo Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Leal 2008 29.3 7.9 6 19.2 7.1 6 13.5% 10.10[1.60, 18.60] —_—
Leal 2009 38.6 9 10 34.2 8.6 10 16.4% 4.40[-3.32,12.12] o
Leal 2009b 30.1 8.1 10 256 6.2 10 24.4% 4.50[-1.82,10.82] =
Leal 2010 39.6 43 9 346 5.6 9 45.8% 5.00[0.39, 9.61] —
Total (95% CI) 35 35 100.0% 5.47 [2.35, 8.59] ’

ity: i? = = = 12 = t t t t
Heterogeneity: Chi 1.34,df =3 (P=0.72); | 0% 210 = 0 : 10

Test for overall effect: Z = 3.43 (P = 0.0006)

Favours Placebo control Favours LLLT/LEDT

Fig. 3 Relative risk of increase repetitions in phototherapy-treated versus placebo-control groups in four trials reporting categorical data
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increasing the local microcirculation have also been suggested
to be stimulated by phototherapy [26-28]. Other effects of
phototherapy on performance and recovery have been
proposed and are still being investigated [34, 35].

The wavelength and the optimal dose are items of important
questions both in research and in clinical use. It is necessary to
define the optimal therapeutic window for achieving positive
results in improvement of exercise performance and recovery.
Therefore, it is important to develop more studies to understand
the physiological mechanisms of action of phototherapy and to
standardize the parameters of laser and LED. In the same way,
it is important to standardize exercise protocols employed and
outcomes assessed, trying to optimize the use of phototherapy
in clinical practice.

Conclusion

Irradiation with phototherapy employing LLLT and LEDT
with red or near-infrared wavelengths seems to induce a
dose-dependent effect in improvement of performance in
skeletal muscle during exercises. There are also indication
that phototherapy may preserve tissue against exercise-
induced muscle damage and speed up recovery when applied
before exercises. The optimal dose seems to be identical for
the three purposes, and irradiation should be delivered
stationary to points for every 5 cm” of muscle tissue with
a dose of 5-6 J per point (spot); however, when cluster
probes are employed, a smallest dose per diode must be
considered to avoid an overdose per area irradiated (site).
Further studies are still needed to establish precise dose
range and other optimal parameters for phototherapy in this
promising research area.
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