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Does Photobiomodulation Therapy Enhance Maximal Muscle
Strength and Muscle Recovery?

by
Sharon Tsuk!, Yarden Har Lev!, Orly Fox!, Rafael Carasso?, Ayelet Dunsky’

Photobiomodulation has been shown to improve tissue and cell functions. We evaluated the influence of
photobiomodulation, using a B-Cure laser, on: 1) maximal performance, and 2) muscle recovery after resistance
exercise. Two separate crossover randomized double-blinded placebo-controlled trials were conducted. Sixty healthy
physical education students (28 men, 32 women), aged 20-35, were recruited (30 participants for each trial).
Participants performed two interventions for each experiment, with real lasers (GaAlAs, 808 nm) on three quadricep
locations in parallel (overall treatment enerqy of ~150]) or sham (placebo) treatment. In the first experiment muscle
total work (TW) and peak torque (PT) were measured by an isokinetic dynamometer in five repetitions of knee
extension, and in the second experiment muscle recovery was measured after the induction of muscle fatigue by
evaluating TW and PT in five repetitions of knee extension. There were no differences between treatments (real or
sham) regarding the TW (F(1,28) = 1.09, p = .31), or PT (F(1,29) = .056, p = .814). In addition, there was no effect of
photobiomodulation on muscle recovery as measured by the TW (F(1,27) = .16, p = .69) or PT (F(1,29) = .056, p =
.814). Applying photobiomodulation for 10 min immediately before exercise did not improve muscle function or muscle
recovery after fatigue.
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Introduction

Photobiomodulation (low laser therapy)
refers to the use of near-infra-red-light photons at
a non-thermal irradiance to alter biological
activity. This has been found to accelerate tissue
repair (Alves et al., 2014; Woodruff et al., 2004)
and regeneration (Gupta et al., 2013), increase
angiogenesis (Alves et al., 2014), reduce pain
(Chow et al., 2009) and inflammation (de Oliveira
et al.,, 2018), as well as stimulate the formation of
new muscle fibers (Rodrigues et al., 2014). The use
of photobiomodulation is considered to be safe in
the long term. In mice, applying a low-level laser
for eight months at higher doses than the optimal
for stimulation of bone marrow cells was shown
to have no histological effects on various tissues
(Tuby et al., 2013).
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The basic mechanism of
photobiomodulation is thought to be the
activation of cellular enzymes. In the
mitochondria, activation of cytochrome c oxidase
results in the stimulation of cellular cascades
(Mantineo et al., 2014; Wong-Riley et al., 2005)
and in increased Adenosine triphosphate (ATP)
concentration (Oron et al., 2007).
Photobiomodulation was found to enhance
cytochrome c oxidase expression in intact skeletal
muscles of rats (Albuquerque-Pontes et al., 2015).
In addition, treatment with a laser increased other
mitochondrial enzymes, such as complexes I, 1I,
III and succinate dehydrogenase (Silveira et al.,
2009).  Furthermore, lactate dehydrogenase
(LDH) was found to be inhibited by the treatment
(De Marchi et al., 2017). This inhibition may shift
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metabolism toward aerobic processes. Altogether,
it appears that photobiomodulation increases ATP
content in cells and accelerates their function.

Given the pivotal role of mitochondria in
ATP production in skeletal muscles during
exercise, and their ability to absorb light, it seems
reasonable to assume that skeletal muscle will
benefit from photobiomodulation during exercise.
A chronic effect of photobiomodulation combined
with resistance exercise was found to be
associated with an increased cross-sectional area
of the tibialis anterior, with a reduced resting
lactate level and decreased muscle glycogen
depletion, compared to resistance exercise alone
(Patrocinio et al, 2013). Acute effects of
photobiomodulation on the contraction of skeletal
muscles was shown to delay the onset of exercise
fatigue in rats (Leal Junior et al., 2010a).

In humans, the effects of
photobiomodulation were evaluated for exercise
and sport Dbenefits. In untrained adults,
photobiomodulation was applied to quadriceps
and gastrocnemius muscles, using a multidiode
cluster (650/850nm, energy of 20] per point), 10
min before cardiopulmonary exercise testing
(CPET) on an electromagnetic cycle ergometer.
The treatment improved CPET performance and
increased peak O: uptake, probably through
increased O: extraction by peripheral muscles (da
Silva Alves et al., 2014). Pre-exercise treatment of
photobiomodulation with a combination cluster
of 12 diodes (905 nm, 875 nm and 670 nm; and
energy of 60 J, 80 ] and 300 J per muscle group)
significantly increased performance of eccentric
repetitions of the quadriceps muscle in untrained
men compared to the placebo (Antonialli et al.,
2014). However, photobiomodulation (808 nm,
energy of 56 ] per muscle) was found to have no
significant effect on delaying muscle fatigue in the
biceps brachii muscles of young females (Higashi
etal, 2013).

In trained participants, a
photobiomodulation cluster probe with 5 laser
diodes (810 nm; energy of 60 ] per muscle)
improved muscle performance in elbow flexion
exercise of volleyball players, where subjects
repeated flexion/extension at a workload of 75%
of their maximal voluntary contraction force until
exhaustion. Additionally, the treatment enhanced
muscle recovery, mainly when applied prior to
exercise (Leal-Junior et al., 2010Db).
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In male volleyball players, pre-exercise
irradiation of the biceps with an LLLT (655 nm,
energy of 20 ] per muscle) increased endurance
for repeated elbow flexion against resistance, and
decreased post exercise levels of blood lactate,
creatine kinase, and C reactive protein (Leal
Junior et al., 2008). Furthermore, this group of
researchers showed that photobiomodulation (660
nm/850 nm; energy of 41.7 ] per muscle)
immediately before exhaustive biceps humeri
contractions caused a slight delay in the
development of skeletal muscle fatigue (Leal
Junior et al., 2009b), and that the mean number of
repetitions was significantly higher after real
treatment (830 nm, energy of 20 ] per muscle) than
after the placebo (Leal Junior et al., 2009c).

In physically active young women,
treatment with photobiomodulation (780 nm,
energy of 23.49 ] per muscle) before the induction
of a protocol of tibialis anterior muscle fatigue
increased muscle torque at the beginning of the
exercise, compared to the placebo (dos Santos
Maciel et al., 2014).

The positive effects of
photobiomodulation on muscle function during
and after exercise have the potential to improve
exercise performance. However, there are many
photobiomodulation devices on the market, each
with different characteristics.

In this study we used a small, portable
device, which is easy to use independently and
can be used at home. This device is already in use
by a variety of populations for healing sports
injuries and reducing pain. Since many of the
device's users are active in competitive sporting
events, we hypothesized that the same device
would be applicative not only for injuries, but also
for enhancing muscle performance. Thus, the aim
of this study was to evaluate the influence of
photobiomodulation on: 1) maximal muscle
performance, and 2) muscle recovery after
resistance exercise, in physically active young
adults.

Methods

Participants

Sixty healthy physical education students
(28 men, 32 women), aged 20-35, were recruited
for the study; they participated in two different
experiments (30 for each experiment). Participants
were excluded if they had sustained
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musculoskeletal injury to the hips or knees in the
previous two months, if they were regularly using
pharmacological agents or nutritional
supplements, or if they had any physical
limitations that could prevent them from
performing the tests.

The study was approved by an Ethics
Committee. Each participant signed an informed
consent form prior to participation in the study.

The sample size that was
determined based on the following factors: effect
size = 0.25, a = 0.05 power (1-) =.0.8, r = 0.5 was
N = 26. The participants' characteristics are
presented in Table 1.

Insert Table 1 here
Photobiomodulation treatment

Treatment consisted of irradiation by
three laser/placebo devices in parallel for 10 min,
at three sites of the quadriceps femoris (rectus
femoris, vastus lateralis, and vastus medialis), as
shown in Figure 1. The device was held in direct
contact with the skin in the areas with the largest
muscle mass, as was felt and marked previously
by the technician. The laser characteristics are
presented in Table 2.

Procedures

The study protocol designed as a
crossover randomized double-blinded placebo-
controlled trial included two experiments
(maximal strength and muscle recovery). For each
experiment participants arrived twice, with at
least a one-week interval between the trials.
Muscle function during unilateral knee extension
movements was measured by a Biodex® system 3
Pro isokinetic dynamometer (Biodex Inc., Shirley,
NY, USA). Peak torque (PT) and total work (TW)
were measured by N-m and ] units, respectively.
Participants were encouraged to put maximum
effort in the extension movement in order to
evaluate the knee extensors' function.

Resting measurement (measure 1): The session began
with measuring the resting heart rate (HR) (using
a Polar heart rate monitor — Polar AccurexPlus
5610, Polar Electro, Woodbury, NY, USA). In the
second (recovery) experiment, we measured
blood lactate (Lactate Pro 2, ARKRAY Factory
Inc., Japan), which was used as a physiological
metabolic marker. The resting measurements
were followed by a general physical warm-up.

General warm-up: It consisted of 5 min of cycling
on an ergometer (Monark, Ergomedic 894 Ea)
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with a constant pre-set load of 50 Watts for
women and 100 Watts for men, and then dynamic
stretching exercises of the lower limbs, including
flexion/extension of the hip (4 repetitions of 4
exercises).

Specific isokinetic warm-up of the knee extensor
muscles: It consisted of five repetitions of
submaximal concentric contractions through a
range of motion of the knee 85-180° (180°
represents full knee extension), and extension-
flexion of the dominant leg’s (jumping leg) knee,
at seven descending velocities from 240 to 90%s.
Of these five repetitions, three were performed at
moderate intensity and two at high intensity
(50%/80% of maximal voluntary contraction
[MV(], respectively).

Treatment: ~ Treatment consisted of either
photobiomodulation  or placebo treatment
(crossover) to the quadriceps muscles.

Experiment 1, Maximal Strength:

A schematic representation is presented
in Figure 2.

Test 1: After the warm-up, which was followed by
a 3-min rest interval, participants were tested for
maximal strength: five maximal-effort repetitions
of isokinetic knee extension at an angular velocity
of 60%s (representing maximal strength in
accordance with the isokinetic device manual).
This test was followed by a 5-min rest period (and
preparation of the laser device). The HR was
measured at the end of this assessment (measure
2).

Treatment: After Test 1, participants underwent
either photobiomodulation or placebo treatment.

Post-treatment assessment (Test 2): Five
min after the termination of the treatment, the
pretest treatment was repeated. The HR was
measured again at the end of this assessment
(measure 3).

In the second session the same procedure
was followed, but with a different device (laser or
placebo) being used in the treatment phase.
Experiment 2, Muscle Recovery:

A schematic representation is presented
in Figure 2.

Test 1: After the warm-up, which was followed by
a 3-min rest interval, participants were tested for
maximal strength: they performed five maximal-
effort repetitions of isokinetic knee extension at an
angular velocity of 90s. The test was followed by
a 5-min rest period (and preparation of laser



138 Does Photobiomodulation Therapy Enhance Maximal Muscle Strength and Muscle Recovery?

equipment). Blood lactate concentration and the
HR were measured at the end of this assessment
(measure 2).

Fatigue protocol: After the pre-test, participants
performed 25 maximal-effort repetitions of knee
extension at an angular velocity of 90%s
(representing a fatigue protocol in accordance
with the isokinetic device manual). Blood lactate
concentration and HR were measured at the end
of this assessment (measure 3).

Treatment: After the fatigue protocol, participants
underwent either photobiomodulation or a
placebo treatment. Laser characteristics are
presented in Table 2.

Test 2: One min after the termination of the
treatment, a post-test was performed: five
maximal-effort repetitions of isokinetic knee
extension at an angular velocity of 90%s. Blood
lactate concentration and HR were measured
again at the end of this assessment (measure 4).

In the second session, the same procedure
was followed, but with a different device (laser or
placebo) being used in the treatment phase.
Statistical Analyses

The SPSS program was used to analyze
the data. The level of significance was set at .05.
TW and PT averaged values were analyzed
separately, to compare the two conditions of
treatment - with (photobiomodulation) and
without (placebo) active treatment, in order to
evaluate their effect on maximal strength in
Experiment 1, and on muscle recovery in
Experiment 2. Analysis of variance with repeated
measures (rmANOVA) of 2 x 2 was conducted. In
addition, rmAnova of 2 x 4 was conducted to
explore the influence of photobiomodulation on
the recovery of the muscle in terms of blood
lactate; rmAnova of 2 x 3 and 2 x 4 was conducted
to determine the influence on the HR in
Experiment 1 and in Experiment 2, respectively.

Results

Experiment 1 (Maximal Strength):

The participants’ anthropometric
characteristics are shown in Table 1.

No significant differences were found
between the laser treatment and the sham
treatment with regard to TW (F(1,28) = .008, p =
93, n* = .000). Additionally, there was no
significant difference in work between the two
time-points — before and after the treatment

Journal of Human Kinetics - volume 73/2020

(F(1,28) =.097, p = .76, n* = .003). There was also no
significant interaction between the condition and
the time-point. (F(1,28) = 1.09, p = .31, n* = .037)
(Figure 3, part A). Similar results were found
considering PT. No significant differences in PT
were found related to the condition (F(1,29) = .77,
p =.39, 17 =.026) or to the time before and after the
treatment (F(1,29) = 2.02, p =.166, n* = .065). There
was also no significant interaction between the
condition and the time-point (F(1,29) = .056, p =
814, n* = .002) (Figure 3, part B). There were no
significant differences in HR responses related to
condition (F(1,29) =.03, p = .88, n* =.001).
Experiment 2 (Muscle Recovery):

There were no significant differences in TW
related to the condition (F(1,27) = 0.00, p = .995, n?
=.000). There was a significant decline in TW after
applying the fatigue protocol (F(1,27) = 5.66, p <
.05, n? = .173). There was no significant interaction
between the condition and the time-point (F(1,27)
= .16, p = .69, n* = .006) (Figure 3, part C). No
significant differences in PT related to the
condition were observed (F(1,26) = .88, p = .36, n* =
.033). No significant decline was noted in PT after
applying the fatigue protocol (F(1,26) = .93, p = .34,
n?* = .034). There was no significant interaction
between the condition and the time-point (F(1,26)
= .01, p = .92, n? = .000) (Figure 3, part D). No
significant differences related to the condition
were found in blood lactate concentration (F(1,26)
= 0.16, p = .69, n* = .006). Also there were no
significant differences related to HR responses
(F(1,27) = .00, p = .997, n* = .000).

Discussion

The main purpose of the study was to
assess the effect of a small, home-use
photobiomodulation device on maximal muscle
strength and muscle recovery following resistance
exercise.

Effect of the treatment on muscle strength

The results of the treatment on muscle strength
showed that 10 minutes of photobiomodulation
on the quadriceps femoris, before exercise, had no
effect on muscle strength compared to the sham
treatment. Negative effects were also shown in a
previous study in young volleyball players as pre-
exercise treatment with LLLT or LEDT (810 nm or
660 nm/850 nm, energy of 12 J or 83.4 J) protocols
did not enhance performance in the Wingate tests
or reduced post-exercise blood lactate
concentration levels (Leal Junior et al., 2009a).
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Table 1
Anthropometric characteristics of study participants.
Experiment 1 Experiment 2
Mean + SD Mean + SD

N (male/female) 30 (15/15) 30 (13/17)

Age (years) 28.50 +2.94 26.57 +2.66

Body mass (kg) 68.10 + 14.59 63.83 +8.97

Body height (m) 1.71£0.09 1.69 +0.09

BMI 23.12+2.74 22.37 £2.37

Table 2
Laser characteristics —specifications of the B-CURE LASER used in the treatment.
Parameter Laser
Type of laser laser diode in solid-state GaAlAs
Wavelength 808 nm
Maximum power 250 mW
Laser pulse frequency 13 kHz
Pulse width 26 s
Avg power 84.5 mW
Dose Rate: 5.07 J/min (1.13 J/cm?/min)
Total energy per treatment 1.1 J/ecm?/min, beam size 1x 4.5 cm? on 3 quadriceps
locations in parallel, overall treatment energy ~150 ]
Figure 1
Three parallel lasers placed on the quadriceps femoris during treatment
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Figure 2

Schematic representation of the recovery experiment time-points (upper panel) and of
the maximal strength experiment time-points (lower panel).
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Figure 3

Maximal strength. A: The effect of LLLT (black) or a placebo (gray) on total work
(TW) before (Test 1) and after (Test 2) the treatment. B: The effect of LLLT (black) or a

placebo (gray) on peak torque (PT) before (Test 1) and after (Test 2) the treatment.
Muscle recovery. C: The effect of LLLT (black) or a placebo (gray) on total work (TW)

before (Test 1) and after (Test 2) the induction of fatigue and the treatment.
D: The effect of LLLT (black) or a placebo (gray) on peak torque (PT) before (Test 1) and
after (Test 2) the treatment. Mean and standard error are presented.
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Our results are inconsistent with other
findings as de Oliveira et al. (2017) showed that
applying photobiomodulation (810 nm, energy of
300 J) before an eccentric protocol of knee
extension increased maximal isometric voluntary
contraction (MVC). This positive effect may be
related to the higher energy delivered in their
study. It is possible that the dose of energy in our
study may not have been sufficient to induce
significant changes in the measured variables, and
did not stimulate the tissue enough to exert its
effect. A higher amount of energy for the
treatment may be achieved by higher doses of
irradiation. Indeed, Hemmings et al. (2016)
evaluated different doses of photobiomodulation
treatment (660 nm, 850 nm and energy of 250 J,
500 J and 1000 J per muscle; data from a meta-
analysis of Vanin et al. (2018)) and showed
improvement in the number of repetitions after
treatment with higher doses of energy. However,
all the doses of the treatment did not affect PT
values of knee flexion (Hemmings et al., 2016), as
in our study. It is possible that the PT value is not
sensitive enough to changes compared to the
number of repetitions, thus explaining its lack of
effect in this study.

Another study evaluated three energy
doses on MVC (Vanin et al., 2016). Those authors
also showed that laser treatment (810 nm, energy
doses of 60 J, 180 ] and 300 J per muscle) increased
MVC from immediately after exercise to 24 h with
a 300 J dose, and from 24 to 96 h with a 60 J dose.
However, there were no differences for the 180 ]
dose, which is the closest dose to the energy
delivered in our study (148.5 J). The researchers
believe that: "different doses used in their study
can lead to different time-windows (which can
explain the immediate and delayed responses
promoted by different doses) and/or different
mechanisms of action" (Vanin et al., 2016).

Effect of Treatment on Muscle Recovery

In the second experiment of the current
study, there was no effect of the laser treatment
on muscle recovery (as measured by TW, PT, HR,
and blood lactate concentrations at several time-
points) compared to the sham treatment. The
ineffectiveness of the treatment is in accordance
with results shown by Higashi et al. (2013),
although they used lower energy output (808 nm,
energy of 56 J) than in our study.

Other studies have shown positive effects
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of laser treatment on muscle fatigue. De Souza et
al. (2016) showed that participants treated with a
laser (808 nm, energy of 25 ] per muscle) had
small, but significantly lower dynamometric
fatigue index scores when compared to controls.
Although participants in De Souza et al.'s (2016)
study were as young and active as those in our
study, and they radiated with less energy, they
applied the treatment to a different muscle group
(soleus vs. quadriceps). According to these
researchers the soleus muscle was more affected
by the treatment, as it had more aerobic
characteristics compared to the quadriceps.

Leal Junior et al. (2008) showed a positive
effect of photobiomodulation on muscle fatigue.
They measured the mean number of repetitions
and showed that it was increased by the active
treatment (650 nm, energy of 20 ] per muscle). It is
possible that measuring the number of repetitions
is more sensitive to treatment than measuring the
dynamometer parameters, as it was done in our
study.

Another explanation for the lack of
positive effects in our study is the time-points of
the measures during the procedures. Other
studies have shown a lack of an immediate effect
of photobiomodulation treatment on the MVC of
knee flexion or on recovery. While the effects of a
low-level laser on PT were not different
immediately after a fatigue protocol, they were
improved after 24 hr post induction of fatigue (De
Marchi et al., 2017). This result is compatible with
our study, as we measured PT immediately after
the fatigue protocol.

Another point to be made regarding the
findings of the current study is related to the
exercise habits of the study participants. Although
all participants were physical education students,
it is possible that they performed various
activities  with  different intensities, and
accordingly their muscle responded to different
loads. It is suggested that in a follow-up study,
homogeneous groups of participants be examined
performing the same types of exercise with
unified intensity.

The inconsistency of the effects of
photobiomodulation on muscle performance and
recovery after fatigue may be the result of
differences between various methods, such as the
test protocols for measuring muscle performance,
fatigue protocols, and/or laser characteristics. In a
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recently published systemic review and meta-
analysis (Vanin et al., 2018), these variables were
shown to affect the results of photobiomodulation
on muscle performance and recovery from
exercise.

This study has two limitations to be
acknowledged, and suggestions for future studies.
First, the measurement time points should be
reconsidered. It might be beneficial to include a
follow-up evaluation, in order to monitor delayed

delivered during the current study might not be
effective, thus it is further recommended to
evaluate treatments with different dosages.

Conclusions

The current photobiomodulation protocol
of irradiation that was used (20 min, 808 nm,
energy of @150 J) did not show beneficial effects
on quadriceps muscle performance or recovery
after induction of fatigue, when applied
immediately after exercise.

effects of the treatments, as in the study by De
Marchi (2017). Second, the energy dosage
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