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Abstract The effects of phototherapy (or photobiomodulation
therapy) with low-level laser therapy (LLLT) and/or light-
emitting diodes (LEDs) on human performance improvement
have been widely studied. Few studies have examined its effect
on muscular training and no studies have explored the neces-
sary moment of phototherapy irradiations (i.e., before and/or
after training sessions). The aim of this study was to determine
the optimal moment to apply phototherapy irradiation when
used in association with strength training. Forty-eight male vol-
unteers (age between 18 to 35 years old) completed all proce-
dures in this study. Volunteers performed the strength training
protocol where either a phototherapy and/or placebo before
and/or after each training session was performed using cluster
probes with four laser diodes of 905 nm, four LEDs of 875 nm,
and four LEDs of 640 nm—manufactured by Multi Radiance
Medical™. The training protocol duration was 12 weeks with
assessments of peak torque reached in maximum voluntary
contraction test (MVC), load in 1-repetition maximum test (1-
RM) and thigh circumference (perimetry) at larger cross-

sectional area (CSA) at baseline, 4 weeks, 8 weeks, and
12 weeks. Volunteers from group treated with phototherapy
before and placebo after training sessions showed significant
(p < 0.05) changes in MVC and 1-RM tests for both exercises
(leg extension and leg press) when compared to other groups.
With an apparent lack of side effects and safety due to no
thermal damage to the tissue, we conclude that the application
of phototherapy yields enhanced strength gains when it is ap-
plied before exercise. The application may have additional ben-
eficial value in post-injury rehabilitation where strength im-
provements are needed.

Keywords Photobiomodulation therapy . Low-level laser
therapy . Light-emitting diode .Muscle adaptation .Muscle
fatigue . Phototherapy

Introduction

The benefits of strength training have been studied across a
variety of health conditions and age populations with the aim
of improving physical fitness and quality of life [1–5].
Considered to be an essential component of rehabilitation,
strength training has now been incorporated into preventive
programs to reduce financial costs related to absence of em-
ployees in work, prevent injuries, and improve athletic perfor-
mance in sports settings [6].

Strength training with heavy loads develops neural adapta-
tions followed by muscular hypertrophy responsible for in-
creasing strength in the exercised muscle [7–9]. The mechan-
ical stimulation produced by the exercise load is crucial and
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without it other stimuli are irrelevant [10]. Exercise-induced
skeletal muscle adaptation may differ according to the type of
exercise performed, previous experience to the same exercise
activity, age, and gender [11, 12]. Factors such as muscle
actions, intensity, volume, exercise order, rest time, and fre-
quency are also directly related to increases in muscle strength
[13]. Currently, research projects have been designed to iden-
tify the different combinations of exercise sets and number of
repetitions to explain the gains reached with strength training
[9, 14, 15].

First developed during the 1960s, lasers (acronym of light
amplification by stimulated emission of radiation) are charac-
terized as having light that is monochromatic and of low di-
vergence. Light-emitting diodes (or LEDs) were developed
much later and share similarities to laser but the emitted light
has far less coherence and a wider bandwidth. Phototherapy
(or photobiomodulation therapy) using low-level laser therapy
(LLLT) and/or light-emitting diode therapy (LEDT) has been
used to promote tissue regeneration, reduce inflammation, ac-
celerate wound healing, and relieve pain [16, 17].

Recently, phototherapy (with LLLT and/or LEDT) has
demonstrated novel ergogenic effects on exercise human per-
formance and post-exercise recovery [18–24]. Two systematic
reviews [25, 26], one of them with meta-analysis [26], about
the effects and the use of phototherapy in exercise perfor-
mance and recovery, found positive results in improvement
of performance and in biochemical markers related to recov-
ery with the use of phototherapy. Positive outcomes have been
demonstrated by a variety of wavelengths and different light
sources (lasers and LEDs).

The effects of combination of super-pulsed-laser, red and
infrared LEDs on muscle recovery, and performance in
healthy volunteers have been analyzed [18]. Three doses were
tested against placebo (10, 30, and 50 J), and 30-J dose
showed better results in improvement of performance and
decreased the delayed onset muscle soreness (DOMS) and
creatine kinase activity (CK). It was suggested that a combi-
nation of previously successful phototherapy parameters may
further optimize the effects on exercise performance and
recovery.

It is suggested that pre-exercise irradiation with photo-
therapy may beneficially improve the overall progress and
enhance strength gains by reducing fatigue and catabolic
effect and could result in cumulative gains being realized
over time. However, there are concerns that pre-exercise
phototherapy could negatively affect muscle remodeling
since exercise-induced muscle damage is important to in-
crease muscle mass [27, 28], and phototherapy has shown
protective effects on muscle tissue if applied before exer-
cises [26, 29].

Post-exercise phototherapy may prevent an exaggerated
inflammatory response caused by exercise-induced muscle
damage [30]. On the other hand, post-exercise phototherapy

application could disrupt the signaling of the inflammatory
response for muscular remodeling through activation of satel-
lite cells [27, 28, 31, 32]. Therefore, the moment of photother-
apy irradiation, either before and/or after exercise, is of crucial
importance to determine if an effect is either beneficial or
detrimental to a strength training program.

While a large volume of work exists in this area, there is a
lack of data on the use of phototherapy for improvement of
strength training.With this perspective in mind, the aim of this
study is to analyze the effects of phototherapy with combina-
tion of different light sources (super-pulsed laser, red and
infrared LEDs) applied in different time points (before and/
or after) of each training session to evaluate the potential out-
comes on a muscle strengthening program.

Materials and methods

The study performed was a randomized, double-blinded pla-
cebo-controlled trial.

Subjects

The project received approval from the institutional research
ethics committee (protocol number XXXX). Subjects were
informed about the study design and the possible risks and
discomfort related to procedures. All volunteers agreed to
participate and signed a written informed consent. The
CONSORT flowchart summarizing experimental proce-
dures and number of volunteers at each study phase are
shown in Fig. 1.

In a previous study with the same device, there was no
evidence of thermal damage to the skin in various shades of
skin pigmentation [33]; therefore, volunteers were not exclud-
ed based upon their skin color. The number of participants per
group was calculated based on a previous study with the same
phototherapy device [18]. For sample size calculation, we
considered the β value of 20 % and α of 5 %. In a reference
study [18], phototherapy improved maximum voluntary con-
traction—MVC (our primary outcome) to 336.88 N.m
(±27.92), compared to baseline (286.63 ± 38.86). The calcu-
lation resulted in a sample of 12 volunteers per group, 48
volunteers in total. Predicting a sample loss of 20 %, 14
healthy volunteers were recruited per group (56 volunteers
in total). Volunteers that completed all procedures in study
(n = 48) had a mean age of 26 years old (±5.24), height of
174.5 cm (±7.59), and body mass 76.5 kg (±10.8).

Inclusion and exclusion criteria

Males between the age of 18 and 35 years old who performed
less than one exercise activity per week with light, intermedi-
ate, or dark skin pigmentation [33] met the inclusion criterion.
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Volunteers were excluded if they presented with a musculo-
skeletal injury to hips or knees in the previous 2 months or
during 3 months of execution training, regular use of pharma-
cological agents, or nutritional supplementation. Volunteers
that were unable to attend a minimum rate of 80 % of the
strength training sessions and volunteers with immune dis-
eases that require continuous use of anti-inflammatory drugs
were also excluded. No statistical difference (p > 0.05) exists
among groups regarding number of included volunteers that
could not perform 100 % of training sessions and average
number of missed training sessions (Table 1).

Composition of sample and randomization procedures

Of the initial 56 recruited volunteers, 8 dropped out during
baseline assessments prior to the randomization process. The
remaining 48 volunteers were distributed in four experimental
groups (12 volunteers in each group) through a simple draw-
ing of lots (A, B, C, or D) that determined the moment they
would receive active and/or placebo phototherapy treatment:

– Photo + photo: volunteers were treated with active pho-
totherapy before and after each training session;

– Photo + placebo: volunteers were treated with active pho-
totherapy before and placebo phototherapy after each
training session;

– Placebo + photo: volunteers were treated with placebo
phototherapy before and active phototherapy after each
training session;

– Placebo + placebo: volunteers were treated with placebo
phototherapy before and after each training session;

The phototherapy device was pre-programmed with dif-
ferent programs to ensure blinding of volunteers and re-
searchers. None of the researchers involved with strength

Table 1 Number of volunteers that did not perform 100 % of training
sessions and average number of missed training sessions (± SD)

Number of volunteers that
did not perform 100 % of
training sessions

Average number of
missed training sessions

Photo + photo 3 2.33 (±0.47)

Photo + placebo 3 2.00 (±0.82)

Placebo + photo 3 2.33 (±0.47)

Placebo + placebo 2 2.00 (±1.00)
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training, assessments and data collection had knowledge
about which program corresponded to active or placebo
phototherapy.

Blinding procedures

Identical phototherapy devices were programmed with two
programs (one active, one placebo) by a researcher who was
not involved in any phase of the projected data collection to
ensure study blinding. All displays and sounds emitted were
identical regardless of the selected program. The active pho-
totherapy treatment did not demonstrate discernable amounts
of heat [33], therefore, volunteers were unable to differentiate
between active or placebo treatments. All volunteers were
required to wear opaque goggles during treatments to main-
tain the double-blind design.

Procedures

Assessments

Baseline assessments recording the subjects’ thigh perimeter
and a maximum voluntary contraction (MVC) test were per-
formed in the morning. In the afternoon, the 1-repetition max-
imum test (1-RM) was performed and recorded. Assessments
of thigh perimeter, MVC, or 1-RM tests were performed by
the same researcher, blinded to the device programming (ac-
tive or placebo) and volunteers’ allocation in the different
experimental groups. The assessments were repeated at 4th,
8th, and 12th week of strength training. Participants were
instructed to sleep well, continue their usual physical and nu-
tritional behavior, and avoid alcoholic drinks and nutritional
supplements.

1-RM test All volunteers performed a brief warm-up on a
cycle ergometer (Inbramed®, Brazil), with 100 rpm with no
load for 5 min. The range of motion for both leg press and
knee extension exercises was from 90° of knee flexion to 0°
(full knee extension) and the anatomical references were the
lateral condyle of the knee and lateral malleolus of ankle. A
familiarization exercise set with an estimated load less than
60 % of 1-RM using the strength training machines was per-
formed prior to the test. This subjective load was identified in
accordance with the OMNI scale (0 equal extremely easy and
10 equal extremely hard) [34].

One repetition maximum was determined by progressively
increasing the load until the subject was unable to perform the
activity with full range of motion [35] and identified on the
OMNI scale [34]. To avoid metabolic disorders and interfer-
ences in test quality, load selections were limited to five at-
tempts with 5-min intervals and were performed both for leg
extension and for the leg press exercises on both legs (unilat-
erally). The volunteers were verbally encouraged to achieve

maximum effort. The 1-RM test was recorded at baseline and
at 4th, 8th, and 12th week of strength training, and training
load was adjusted at 4th, 8th week of training protocol accord-
ing to 1-RM re-assessments.

Maximal voluntary contraction (MVC) Volunteers were
seated and attached to an isokinetic dynamometer (System 4,
Biodex®—EUA) by a seat strap and two straps crossing the
trunk with an angle of 100° between the trunk and hip and the
leg positioned with 60° of knee flexion (0° corresponds to
complete knee extension) and the axis of the dynamometer
was positioned parallel to the center of the knee joint.

Volunteers were instructed to cross their arms over the
trunk as they performed the MVC test that consisted of three
5-s isometric contractions of the knee extensors of the leg. The
highest torque value of the three contractions (peak torque)
was used for statistical analysis and reflects the maximum
generation of force by the muscle in this condition [36].
Volunteers were given instructions on how to execute the test
and given verbal encouragement during the test. MVC tests
were recorded at baseline and at 4th, 8th, and 12th week of
strength training for both legs (unilaterally).

Perimetry This measurement was performed in orthostatic
position, feet slightly apart, the body weight equally distribut-
ed between legs with the thigh muscle relaxed. We used the
measure relating to one third of distance between the gluteal
fold and femoral-tibial joint space (popliteal line) and consid-
ered the point with the larger cross-sectional area of the ante-
rior muscle. This assessment was performed at baseline and at
4th, 8th, and 12th week of strength training for both legs
(unilaterally).

Intervention

Strength training protocol Volunteers initiated the strength
training program based on Ferraresi et al. [19] study, 2 days
following baseline assessments. The training protocol utilized
a load of 80 % of 1-RM, five sets of ten repetitions for leg
press and leg extension exercises, unilaterally (for both legs)
and the rest between sets was 2 min. If a volunteer could not
complete a full set of the exercise, he was instructed to con-
tinue until concentric muscle failure. The training protocol
consisted of two sessions a week on non-consecutive days
(72 h of rest) for 12 consecutive weeks (total of 24 training
sessions) and the workload was adjusted by retesting the 1-
RM test at 4th and 8th week. The room temperature was
maintained between 23 and 26 °C.

Phototherapy Active or placebo phototherapy treatments
were performed before and/or after each training session de-
pending of each volunteer allocation to different experimental
groups. Phototherapy was applied in direct contact with skin
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with slight pressure to six different sites of the anterior muscle
of the thigh (two centrally—rectus femoris and vastus
intermedius, two laterally—vastus lateralis, and two medial-
ly—vastus medialis) for both legs, as shown in Fig. 2.

Phototherapy was applied using the MR4 Laser Therapy
System with LaserShower 50 4D cluster emitters (both
manufactured by Multi Radiance Medical, Solon—OH,
USA). The cluster emitters have 12 diodes, and each cluster
emitter combines four super-pulsed laser diodes (905 nm),
four red LEDs (640 nm), and four infrared LEDs (875 nm).
The protocol for irradiation (active or placebo) required the
use of four MR4 control units with three cluster emitters con-
nected to each one, totalizing 12 cluster emitters to allow all
sites of the anterior muscles of the thigh to be irradiated si-
multaneously and bilaterally for a total treatment time of 228 s
(3 min and 48 s). The dose of 30 J (0.285 J of 905 nm, 13.68 J
of 640 nm, 15.96 J of 875 nm) was selected based on a pre-
vious study using this same device performed by Antonialli et
al. [18], and it was applied to six spots on each leg for both for
pre- and post-exercise treatments. The time length between
irradiation and the exercise protocol both to pre- and post-
treatments was 5 to 10 min.

All phototherapy parameters are shown in Table 2.

Statistical analysis

The Kolmogorov–Smirnov test was used to verify the normal
distribution of data. The data exhibited normal distribution
and is expressed as mean values with standard deviations
(SD). Data were analyzed both in absolute values and in per-
centage of change from baseline assessments. Two-way
ANOVA test was performed to test between-group differences
(followed by Bonferroni post hoc test). The significance level
was set at p < 0.05. In graphs, data are presented as mean and
standard error of the mean (SEM).

Results

Forty-eight male volunteers completed all experimental pro-
cedures for this study. The data were analyzed and no signif-
icant differences (p > 0.05) were observed at baseline for all
experimental groups for MVC, 1-RM test, or perimetry and
summarized in Table 3. No significant differences (p > 0.05)
were observed between groups for any experimental time re-
garding perimetry.

MVC values, both in absolute and percentages, were sig-
nificantly improved (p < 0.05) by pre-exercise phototherapy
as recorded in Fig. 3. The same positive effect was observed
for 1-RM test with the leg press and leg extension exercises
(Figs. 4 and 5).

Discussion

To our knowledge, this is the first study to identify the optimal
moment to provide phototherapy irradiation when used in
conjunction with strength training programs. To validate the

Fig. 2 Sites of phototherapy irradiation on anterior muscle of the thigh
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result, we decided to assess peak torque reached in maximum
voluntary contraction test (MVC), load in 1-repetition maxi-
mum test (1-RM), and thigh circumference (perimetry) at larg-
er cross-sectional area (CSA).

While strength gains were observed, perimetry data did not
demonstrate statistical significance and no significant changes
in enhancement of muscle mass were observed until the end of
training protocol (12 weeks). It is well established that in first
weeks of muscular training, strength enhancement is attribut-
ed to the sum of neural and morphological adaptations. With
no occurrence of significant changes in muscle thickness, the

neural aspect is more evident [7, 19, 37]. This neural adapta-
tion usually occurs until 6 to 8 weeks of training [27] and may
partially explain our findings.

In agreement with Baroni et al. [38], we suggest that
strength gains noted in both MVC and 1-RM tests for the
two exercises in the present study may be attributed to intrin-
sic adaptation of muscle cells and changes in the muscle fi-
bers, which are not detectable in whole muscle. Moreover, we
believe that intramuscular fat content may have been replaced
by contractile tissue leading to absence of changes in muscle
circumference until the end of the 12-week training period as
suggested by Baroni et al. [38].

The same researcher did perform all perimetry measure-
ments and the assessments were done at the same time of
day. However, the method is known to have intra-evaluator
errors despite its use in clinical practice. Amore accurate CSA
assessment method is the use of magnetic resonance imaging
multiscan (MRI) [7, 35, 39] and tomography [35, 40]. Baroni
et al. [38] assessed muscle thickness using ultrasonography
imaging correlated with electric activity from EMG analysis
and observed increased muscle mass up to 8 weeks of training
and stabilized at the end of 12 weeks. However, despite a
higher accuracy, these methods are expensive and not com-
monly available in daily clinical settings.

The experimental group that received active phototherapy
only before strength training sessions (and placebo after) in-
creased MVC from 39 to 46 % (right and left leg, respective-
ly); the experimental group that received active phototherapy
after each strength training session (and placebo before) in-
creased MVC from 20 to 21 % (right and left leg, respective-
ly). Interestingly, the experimental group that received active
phototherapy before and after strength training sessions train-
ing increased MVC from 12 % to 19 % (right and left leg,
respectively). The group receiving only placebo phototherapy
irradiation before and after strength training sessions increased
MVC from 14 to 15 % (right and left leg, respectively).
Significant statistical difference (p < 0.05) in MVC (for both
legs) was observed at the 4th week of strength training in favor
of group that received phototherapy before training sessions
(and placebo after) compared to the group that received pla-
cebo irradiations before and after training sessions.
Furthermore, pre-exercise phototherapy was statistically sig-
nificantly better (p < 0.05) than all experimental groups at 8th
and 12th week of strength training (for both legs).

A similar pattern was observed for the 1-RM test for the leg
press and leg extension exercises. Our results show for 1-RM
test in leg press with an increase in 169 to 176% (right and left
leg, respectively) and for leg extension an increase in 95 to
100 % (right and left leg, respectively) for group treated with
pre-exercise phototherapy (and placebo after). The placebo
group (before and after training sessions) demonstrated an
increase of 86 to 120 % (right and left leg, respectively) for
leg press exercise and an increase in 49 and 48 % (right and

Table 2 Parameters for phototherapy

Number of lasers 4 super-pulsed infrared

Wavelength (nm) 905 (±1)

Frequency (Hz) 250

Peak power (W)—each 12.5

Average mean optical output (mW)—each 0.3125

Power density (mW/cm2)—each 0.71

Energy density (J/cm2)—each 0.162

Dose (J)—each 0.07125

Spot size of laser (cm2)—each 0.44

Number of red LEDs 4 red

Wavelength of red LEDs (nm) 640 (±10)

Frequency (Hz) 2

Average optical output (mW)—each 15

Power density (mW/cm2)—each 16.66

Energy density (J/cm2)—each 3.8

Dose (J)—each 3.42

Spot size of red LED (cm2)—each 0.9

Number of infrared LEDs 4 infrared

Wavelength of infrared LEDs (nm) 875 (±10)

Frequency (Hz) 16

Average optical output (mW)—each 17.5

Power density (mW/cm2)—each 19.44

Energy density (J/cm2)—each 4.43

Dose (J)—each 3.99

Spot size of LED (cm2)—each 0.9

Magnetic field (mT) 35

Irradiation time per site (s) 228

Total dose per site (J) 30

Total dose applied in muscular group (J) 180

Aperture of device (cm2) 20

Application mode Cluster probe held
stationary in skin
contact with a 90°
angle and slight
pressure
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Table 3 Data for functional assessments (mean ± SD)

Baseline 4 weeks 8 weeks 12 weeks

MVC (N.m)
Right leg

Photo + photo 193.20 (±23.27) 200.54 (±19.98) 215.43 (±21.89) 216.72 (±25.18)
Photo + placebo 202.13 (±24.55) 227.07 (±33.75) 251.45 (±35.76)a 280.90 (±38.68)a,b,c

Placebo + photo 196.24 (±21.38) 203.23 (±25.15) 224.48 (±28.04) 235.64 (±31.84)
Placebo + placebo 204.97 (±17.86) 213.33 (±23.74) 226.0 (±30.0) 233.16 (±27.99)

MVC (N.m)
Left leg

Photo + photo 204.73 (±11.02) 215.66 (±23.71) 229.23 (±23.86) 243.78 (±24.16)
Photo + placebo 213.22 (±14.14) 239.04 (±24.96)b 281.98 (±28.10)a,b,c 311.27 (±31.36)a,b,c

Placebo + photo 197.42 (±18.57) 207.62 (±24.68) 227.53 (±27.08) 239.13 (±23.86)
Placebo + placebo 209.44 (±17.21) 215.46 (±19.92) 225.47 (±21.11) 240.70 (±26.15)

1-RM test
Leg press
Right leg (kg)

Photo + photo 48.00 (±7.46) 65.83 (±14.49) 78.75 (±15.56) 90.08 (±15.59)
Photo + placebo 53.92 (±8.04) 83.83 (±8.79)a,b 109.67 (±13.14)a,b,c 144.83 (±22.53)a,b,c

Placebo + photo 48.67 (±4.81) 69.58 (±7.89) 82.42 (±9.66) 95.83 (±9.03)
Placebo + placebo 56.08 (±5.96) 72.25 (±12.05) 88.42 (±17.05) 104.42 (±19.46)

1-RM test
Leg press
Left leg (kg)

Photo + photo 47.92 (±6.86) 74.25 (±14.40) 89.00 (±16.45) 104.33 (±15.76)
Photo + placebo 52.67 (±7.48) 88.25 (±11.52)a 114.00 (±17.04)a,b 145.33 (±18.23)a,b,c

Placebo + photo 49.58 (±4.38) 76.17 (±8.99) 90.50 (±5.89) 103.42 (±7.94)
Placebo + placebo 55.83 (±5.84) 83.42 (±9.63) 106.92 (±12.94)a,b 123.08 (±16.98)a,b

1-RM test
Leg extension
Right leg (kg)

Photo + photo 58.42 (±7.20) 67.67 (±9.85) 76.67 (±9.93) 89.17 (±11.04)
Photo + placebo 65.50 (±8.88) 95.83 (±14.80)a,b,c 114.75 (±20.33)a,b,c 127.83 (±22.93)a,b,c

Placebo + photo 60.67 (±8.94) 70.67 (±9.25) 83.00 (±12.20) 92.33 (±13.28)
Placebo + placebo 63.17 (±6.67) 76.67 (±11.52) 83.25 (±14.37) 94.17 (±13.58)

1-RM test
Leg extension
Left leg (kg)

Photo + photo 60.00 (±8.73) 69.17 (±10.51) 80.50 (±11.00) 92.83 (±11.56)
Photo + placebo 66.42 (±8.73) 96.67 (±14.67)a,b,c 117.33 (±15.88)a,b,c 132.92 (±16.14)a,b,c

Placebo + photo 59.83 (±8.44) 69.92 (±10.78) 81.33 (±12.63) 93.67 (±13.91)
Placebo + placebo 64.50 (±6.13) 74.67 (±8.27) 85.33 (±11.80) 95.75 (±11.76)

Perimetry
Right leg (cm)

Photo + photo 55.43 (±7.05) 56.43 (±6.98) 56.70 (±6.72) 57.05 (±6.59)
Photo + placebo 58.33 (±8.17) 59.33 (±8.33) 59.35 (±7.79) 59.69 (±7.79)
Placebo + photo 56.34 (±2.08) 57.31 (±1.88) 57.28 (±2.00) 57.89 (±1.52)
Placebo + placebo 59.11 (±2.28) 59.90 (±1.90) 59.70 (±2.02) 60.30 (±2.25)

Perimetry
Left leg (cm)

Photo + photo 55.56 (±7.21) 55.81 (±6.58) 56.27 (±6.64) 57.12 (±6.74)
Photo + placebo 57.63 (±7.84) 58.50 (±8.00) 58.66 (±7.53) 59.00 (±7.46)
Placebo + photo 56.25 (±1.97) 56.78 (±1.73) 57.23 (±1.98) 57.55 (±1.80)
Placebo + placebo 58.95 (±2.56) 59.27 (±1.51) 59.38 (±1.98) 59.78 (±1.75)

a Indicates significant difference compared to photo + photo group (p < 0.05)
b Indicates significant difference compared to placebo + photo group (p < 0.05)
c Indicates significant difference compared to placebo + placebo group (p < 0.05)

Fig. 3 Change in MVC (percentage values). Values are mean and error
bars are SEM. a indicates significant difference compared to photo +
photo group (p < 0.05), b indicates significant difference compared to

placebo + photo group (p < 0.05), and c indicates significant difference
compared to placebo + placebo group (p < 0.05)
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left leg, respectively) for leg extension exercise. Of note, the
1-RM outcomes for the group treated with phototherapy be-
fore exercise (and placebo after) for the leg press exercise at
4th week reached the same improvement as all other groups at
the 12th week time point. It suggests that pre-exercise photo-
therapy can potentiate the effects of muscular training by im-
proving muscular strength three times faster than the placebo-
control group (or exercise alone).

Baroni et al. [41] associated the application of pre-exercise
phototherapy (with LLLT) before each eccentric exercise
training session performed on an isokinetic dynamometer for
an 8-week training duration and noted a significant increase
(p < 0.05) in muscle mass (15.4 %) and in eccentric (32.3 %)
and isometric peak torques (20.5 %) in volunteers. Authors
concluded that addition of pre-exercise phototherapy can be
beneficial to training programs where increase in muscular
strength is desired.

Our outcomes partially agree with the findings observed
by Baroni et al. [41]. Despite lack of significant results
observed in muscle mass assessment, our outcomes dem-
onstrated greater improvement in isometric muscular
strength (39 to 46 %) than found previously (20.5 %).
The irradiation of healthy muscles by phototherapy leads
to increased cytochrome c-oxidase activity and may ex-
plain the effects of this therapy in stimulating intact (non-

injured) skeletal muscles [42, 43]. Recently, Albuquerque-
Pontes et al. [42] identified that a unique dose and time profile
of activation of cytochrome c-oxidase exist for each wave-
length (660, 830, and 905 nm). We believe that increase of
90 to 124 % observed in isometric torque observed in our
study compared to Baroni et al. [41] is due to the synergis-
tic use of concurrent multiple wavelengths and light
sources. The increase in strength without gross muscle
mass gain may suggest that pre-muscle training photother-
apy may improve the overall muscle quality and efficiency.

Phototherapy applied after strength training sessions
(and placebo before) and phototherapy performed before
and after training sessions did not increase strength statis-
tically compared to the placebo group. The application of
phototherapy may disrupt signaling of the inflammatory
response for muscular remodeling through activation of
satellite cells [27, 28, 31, 32], which could explain the lack
of positive results for post-exercise phototherapy. The lack
of positive results for phototherapy before and after
strength training sessions may be related to the overall
dose delivered to the muscle tissue. While optimal doses
have been identified as 180 J for the quadriceps [18], this
dose was applied twice (before and after exercise sessions).
The cumulative dose applied was effectively doubled for
this group, which may have downregulated or eliminated

Fig. 4 Change in 1-RM test for leg press exercise (percentage values).
Values are mean and error bars are SEM. a indicates significant differ-
ence compared to photo + photo group (p < 0.05), b indicates significant

difference compared to placebo + photo group (p < 0.05), and c indicates
significant difference compared to placebo + placebo group (p < 0.05)

Fig. 5 Change in 1-RM test for leg extension exercise (percentage
values). Values are mean and error bars are SEM. a indicates signif-
icant difference compared to photo + photo group (p < 0.05), b

indicates significant difference compared to placebo + photo group
(p < 0.05), and c indicates significant difference compared to placebo
+ placebo group (p < 0.05)
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the beneficial cytoprotective effect. Further studies are
needed to clarify these points.

The time window of 5 to 10 min between irradiation and
the exercise protocol was selected based upon previously ob-
served positive outcomes with this phototherapy device in
clinical studies [18, 44, 45] when used in a time window of
3 to 20 min. However, this may not be the only appropriate
time window that will elicit positive outcomes. Therefore, we
suggest that further clinical studies with additional time win-
dows should be tested to further optimize treatment
parameters.

A limitation of this study is the variability of perimetry
measurement. Assessment methods such as X-ray absorpti-
ometry (DEXA) [39, 46] or ultrasonography imaging [41]
may provide more accurate assessment and deserve to be con-
sidered in future studies. However, it is important to highlight
that although perimetry assessment lacks sensitivity, this
method is accepted and often utilized in clinical practice.
Our study demonstrates consistency in data regarding strength
gain. MVC tests performed with isokinetic dynamometers are
currently considered gold standard for strength assessment,
and outcomes found in MVC corroborate with 1-RM test.
Finally, we conclude that application of phototherapy leads
to better results in order to enhance strength gain when it is
applied before exercise.

The data presented in this study confirm the positive inter-
action of pre-exercise phototherapy in muscle strength gain in
muscular training when performed twice a week over
12 weeks. The application of phototherapy before exercise
increased isometric strength in 39 to 46 %, whereas the pla-
cebo group strength increased from 14 to 15 %. In summary,
our data show that pre-exercise phototherapy with parameters
and device used in this study can lead to enhancement in the
effects of strength training.
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