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Athletic performance; Background: Previous studies have shown positive results of photobiomodulation (PBM) for
Phototherapy; improving performance and accelerating post-exercise recovery. However, the effects of PBM in
Recovery of function healthy individuals who underwent a neuromuscular adaptation training remain unclear.

Objective: To investigate the effects of PBM during a training program combining sprints and
explosive squats exercises on clinical, functional, and systemic outcomes in trained healthy indi-
viduals compared to a placebo intervention and a control.

Methods: We conducted a randomized placebo-controlled trial. Healthy males were randomly
assigned to three groups: active PBM (30 J per site), placebo, or control (passive recovery). The
participants performed a six-week (12 sessions) of a training program consisting of a combination
of sprints and squats with recovery applied between sprints and squats. To prevent the influence
of the primary neuromuscular adaptation to exercise on the results, all participants had to par-
ticipate in a period of six weeks of exercise training program. Functional, clinical, and psycho-
logical outcomes and vascular endothelial growth factor (VEGF) were assessed at baseline and
after six weeks. Results are expressed as mean difference (MD) and 95% confidence intervals (CI).
Results: Thirty-nine healthy male volunteers (aged 18—30 years; body mass index 23.9 &+ 3 kg/
m?) were recruited. There was no significant time by group interaction, and no significant effect
of group, but there was a significant effect of time for maximal voluntary isometric contraction
(primary outcome) (MD=22 Nm/kg; 95%Cl: 3.9, 40) and for squat jump (MD=1.6 cm; 95Cl%: 0.7,
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2.5). There was no significant interaction (time*group), time, or group effect for the other

outcomes.

Conclusion: The addition of PBM to a combined training performed for six weeks in previously
trained individuals did not result in additional benefits compared to placebo or no additional

intervention.

© 2022 Associacao Brasileira de Pesquisa e Pos-Graduacdo em Fisioterapia. Published by Elsevier
Espana, S.L.U. All rights reserved.

Introduction

Photobiomodulation (PBM) therapy using low-level laser
therapy (LLLT) and/or light emitting diodes therapy
(LEDT) has been the focus of recent research. The PBM
mechanism of action consists of the interaction of light
with chromophores which influences cellular activity
through the inhibition or stimulation of chemical and bio-
logical functions,’ such as synthesis of adenosine triphos-
phate (ATP),”> modulation of gene expression,® increases
in local microcirculation,* and upregulated angiogenesis
with vascular endothelial growth factor (VEGF) as
mediator.>® This intervention has been associated with
two main physiological effects, ergogenic and protec-
tive.” As a consequence, PBM has been used as a preven-
tion and rehabilitation intervention, including for post-
exercise recovery, due to its positive results in a range of
outcomes, as discussed in recent systematic reviews.®’
However, the magnitude of the effects reported may be
influenced by the treatment parameters used, such as
the wavelength, energy, density, and power, as well as
the type of tissue damage and time of application.®

A systematic review published by our research group sug-
gests that PBM can have a different effect between general
and localized exercises.” Recent recommendations for the
use of PBM suggest that there may be a differentiation on
the exact moment of irradiation to obtain acute or chronic
effects.”’ These recommendations are in accordance with
the consensus statement by the International Olympics Com-
mittee which highlighted the potential role of this interven-
tion to improve acute muscle recovery.'"'?

The use of PBM to promote chronic training effects
began to be investigated in the last decade in
humans.'> '® Variations with regards to the types of
training and the best moment to apply the intervention
have been reported. Regarding the type of training, stud-
ies have investigated the effects of PBM mainly on
strength training’>'” and endurance.'*"® Positive effects
have been reported when PBM was applied before the
exercise, for outcomes such as time until exhaustion and
number of repetitions,’® maximal voluntary contrac-
tion,?° creatine kinase (CK) and lactate,?’ and when PBM
was applied after the exercise, for outcomes such as
peak torque and 1 repetition maximum (RM) test.??

Taken together, these preliminary findings suggest that
the ergogenic and protective effects may be enhanced when
the PBM is applied during a training session that combines
strength and endurance exercises.?® In addition, to investi-
gate the real effect of PBM we would argue that this inter-
vention should be administered after the primary
neuromuscular adaptation to exercise has already occurred.
Therefore, the objective of this randomized placebo-

controlled trial was to investigate the effects of PBM, admin-
istered during a training program consisting of a combination
of sprints and explosive squats exercises, on clinical, func-
tional, and systemic outcomes in trained healthy individuals
compared to a placebo intervention and a control. The study
hypothesis was that the use of a PBM applied during an exer-
cise training program would accelerate the recovery process
and improve performance.

Methods
Trial design

This study is a three-arm randomized placebo-controlled
trial. This study was approved by the Human Research Ethics
Committee of the Universidade Estadual Paulista (Protocol
number: 1.389.046/2016) and registered at ClinicalTrials.
gov (ID: NCT02918916). Prior to the start of the trial, partici-
pants received oral and written instructions regarding the
procedures and objectives of the study and signed an
informed consent form agreeing to participate in the study.

Participants

The study was conducted at Universidade Estadual Paulista.
Participants were recruited from the Laboratory of Physical
Therapy in Sports database via online media, telephone, or
text message. Participants included in this study met the fol-
lowing inclusion criteria: male aged between 18 and 30 years
old and considered healthy (by self-report). Individuals who
reported history of muscle injury in the lower limbs or spine
in the previous six months were excluded from the study.
Participants were instructed to maintain their daily diet rou-
tine and to continue with their daily exercise routine, with-
out change in training volume or intensity. All participants
were instructed to ingest 30g of carbohydrate-based gel
supplement followed by 180 ml of water 20 min before the
baseline assessment or training to standardize the energy
reserve.

Sample size

The sample size calculation was based on data from a previ-
ous study?* that used the same PBM device for a three-arm
parallel study to detect a 10% difference between groups on
maximal voluntary isometric contraction (MVIC), with stan-
dard deviation (SD) of 28.71 Nm, with significance set at
0.05 and power at 0.8. A total sample of 11 per group was
required.
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Randomization procedure

A stratified randomized procedure was performed based on
the concept of responders and non-responders to adaptation
capacity.”” The training adaptation capacity was recorded
before and after the first six-week of the exercise training
program. The adaptation capacity was calculated using the
equation AC=0.5 FP+0.5 CP, where AC is adaptation
capacity, FP is the functional parameter (i.e. strength test)
and CP is the clinical parameter (i.e. perception of recov-
ery). Participants were first stratified into three strata (ter-
tiles) based on their adaptation capacity, then participants
from each stratum were allocated into one of the three
groups by block randomization. To ensure allocation con-
cealment, randomization procedure was performed by an
independent researcher who was not involved in the recruit-
ment of participants and outcome assessment. The com-
plete randomization process was described in the published
protocol.?

Interventions

To prevent the influence of the primary neuromuscular adap-
tation to exercise on the results, all participants had to par-
ticipate in a period of six weeks of exercise training. This
training period aimed to induce neuromuscular adaptation
and equalize the level of physical activity among the partici-
pants. After this period, the participants were randomly
allocated, according to their adaptation capacity, into one
of the three groups that comprise the study: active PBM
group (AG), placebo PBM group (PG) and control group (CG).
Participants in each of the groups performed another six-
week of exercise training with the adjusted loads and
received the intervention they were allocated to between
sprint and squats training.

Training program

The training program was adapted from an individualized
combined training described by Marques et al.® The training
consisted of a combination of sprints and explosive squats
performed twice per week for six-weeks (48 h between ses-
sions). A detailed description of the training is presented in
Table 1.

Recovery strategies

Recovery strategies were applied between sprint and squats
training due to the preliminary hypothesis of possible associ-
ation of ergogenic and protective effects of PBM in the same
session.

Active PBM was applied using a MR4 LaserShower 50 4D
emitter (Multi Radiance Medical, USA), to six sites of the
quadriceps (two centrally — rectus femoris and vastus inter-
medius; two laterally — vastus lateralis; two medially —
vastus medialis).?* The decision to apply the intervention at
these sites was made because this muscle group is most
directly involved during squats and sprints. The dosage (30 J
per site; 180J per muscle) was based on findings of Anto-
nialli et al.>* More details are provided in Table 2.

The same procedures were applied to the placebo group;
however, the PBM probe was disabled. The therapist

Training program.

Table 1
Week

Squat Training

Sprint Training

Sessions

Rest between

Sets x
sets

Intensity"*

Warm-up*

Rest between

sets

Sets x

Intensity'

Warm-up*

Repetitions

1x8
2x8
1x8
2x6

Repetitions
2 x 15m
2 x 15m
2 x 20m
2 x 20m
2 x 25m
2 x 25m
2 x 30m
2 x 30m
2 x 20m
2 x 20m
1 x 25m
1 x 25m

120s

80%
80%
85%
85%
90%
90%
95%
95%

1x8+1x8

10 minutes

between
training

120s

Maximum

3 x 20m
3 x 20m
3 x 25m
3 x 25m
3 x 30m
3 x 30m
3 x 35m
3 x 35m
3 x 25m
3 x25m
3 x 30m
3 x 30m

120s
120s

1x8+1x8

120s
120s
120s

1x8+1x8

120s

1x8+1x8

120s
120s

1x6
2x8

1x8+1x8

150s
150s
180s
180s
150s
150s
180s
180s

1x8+1x8

180s
180s
180s
180s
120s
120s

x 6
2x5

1x8+1x6

1x8+1x6

2x6
2x5
2x6

100%
100%
90%
80%

1x8+1x6

1x8+1x6

10

11

1x8+1x6

1x8

1x8+1x6

12

" Warm-up: sprints in which speed is gradually increasing until the participant reaches the maximum speed; squats with lighter loads to those in training (40—60% of the perceived

maximum).

T Sprints at full speed; Squat, the load is defined based on the percentage of the load that a participant is able to displace at an average speed of 1 m/s.

4 Adjust load after stratified block randomization.
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Table 2 Photobiomodulation parameters.

Number of lasers
Wavelength (nm)

4 super-pulsed infrared
905

Frequency (Hz) 250
Peak power (W) — each 12.5
Average mean optical output (mW) - each 0.03125
Power density (mW/cm?) — each 0.07
Dose (J) — each 0.07125
Spot size (cm?) — each 0.44
Number of red LEDs 4red
Wavelength (nm) 640
Frequency (Hz) 2
Average mean optical output (mW) - each 15
Power density (mW/cm?) — each 16.66
Dose (J) — each 3.42
Spot size (cm?) — each 0.9
Number of infrared LEDs 4 infrared
Wavelength (nm) 875
Frequency (Hz) 16
Average mean optical output (mW) - each 17.5
Power density (mW/cm?) — each 19.44
Dose (J) — each 3.99
Spot size (cm?) — each 0.9

The application was
performed in direct contact
with the skin, bilaterally,
one member at a time with
six sites simultaneously.

Magnetic field (mT) 35
Irradiation time per site (s) 228
Total dose applied (J) 180
Aperture of device (cm?) 20

responsible for the application of active and placebo PBM
was not aware of the equipment settings which was pro-
grammed by an independent researcher.

The control group participants performed passive recov-
ery (remained seated) supervised by an independent
researcher while the other groups were receiving the recov-
ery strategies. Participants from all groups remained seated
to receive the recovery strategies.

Outcomes

The MVIC was considered the primary outcome. Secondary
outcomes were other functional and clinical outcomes and
VEGF, as described below. The same assessor was responsible
for the outcome assessment throughout the study. Outcome
assessment was completed over two sessions separated by
24 h. The first session consisted of sprint and squat jump
tests. In the second session, strength and power tests and
MVIC measurements were performed. An interval of 15 min
between tests was used to limit effects of fatigue on subse-
quent test. This rest is based on time to recovery of each
test described in the literature.?’ '

Primary outcome

Maximal voluntary isometric contraction (MVIC): Partici-
pants were positioned with the dominant leg on the isoki-
netic dynamometer (Biodex System 4 Pro, New York, USA).
Prior to the MVIC, a warm-up consisting of 10 repetitions of
knee flexion-extension at 180°/s throughout the range of
motion was performed. The MVIC was determined by the

highest maximal isometric torque over three contractions of
five seconds at 60° of knee flexion. The three contractions
were separated by a 2-minute rest interval.?°

Secondary outcomes

Strength and power tests: Tests were performed using a
guided bar.?® Participants were required to perform the
squat with continuous movement until their thighs reached
the horizontal plane, and immediately to perform the oppo-
site movement at maximum speed without losing feet con-
tact with the ground. For the strength test, the warm-up
consisted of 10 repetitions at 40—60% of perceived maxi-
mum. A progression from warm-up load was performed with
increment of 10 kg. Two minutes rest interval between sets
were provided. The last acceptable repetition with the high-
est possible load was considered as 1-RM. For the power
test, the warm-up consisted of five repetitions with the bar.
To determine the load moved at 1 m/s the tests were con-
ducted gradually with increments of 10 kg for each set and
two attempts for each load. An interval of 3 min was given
between attempts. The highest measure with each load was
recorded. Information about the distance held eccentrically
and concentric speed of each repetition were recorded by a
linear velocity transducer (T-Force System Ergotech, Murcia,
Spain) and analyzed by its specific software (Isocontrol
Dinamico, 3.6, Spain).

Squat jump test: Participants performed three squat
jumps on a platform without countermovements (Multi-
sprint, Hidrofit, Brazil). A rest interval of 30 s was
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Assessed for eligibility (n=57)

Excluded (n=12)

* Declined to participate (n=2)
* Other reasons (n=10)

v

Training to primary adaptation
(n=45)

A4

* Injury out of study (n=1)

Stratified block randomization
(n=44)

A4

Allocation

h 4

Active Phototherapy Group
(n=15)

Training +
active phototherapy

Placebo Phototherapy Group
(n=15)

Training +
placebo phototherapy

Control Group
(n=14)

Training

i

Lost to follow-up
Injury out of study (n=2)
Declined to participate (n=1)

Lost to follow up
Injury out of study (n=1)

Lost to follow up
Declined to participate (n=1)

Analysed (n=12)

Analysed (n=14)

Analysed (n=13)

Fig. 1

considered between jumps. The best trial was used for data
analysis. >

Sprint test: Participants performed three maximum
sprints exceeding 30 m with rest intervals of three minutes.
Performance times at 10, 20, and 30 m were recorded by
phothocells (Multisprint, Hidrofit, Brazil). The average of
the two best measures was used for data analysis.?®

Muscle soreness: Values of muscle soreness in the lower
limbs were obtained by a 0—10 points visual analog scale
(VAS),?° with ‘zero’ corresponding to absence of soreness
and ‘10’ to the maximum soreness a participant felt could
be tolerated.**

Pain threshold: Pressure algometry was applied at five
specific sites of the quadriceps of the dominant leg.>* Partic-
ipants were instructed to indicate when the pressure sensa-
tion3Eecame discomfort. The pressure did not exceed 2.55
kgf.

Flowchart of participants.

Psychological questionnaire: Participants filled out a
questionnaire about readiness for exercise, fatigue, vigor,
and sleepiness. The information about pain was excluded
due to use of a pain VAS.3¢

Vascular endothelial growth factor (VEGF): 10ml of
blood was collected 24 h before the training and 24 h after
the last training session. The plasma from this sample was
stored at —80 °C for later analysis. The plasma concentra-
tion of VEGF was analyzed using the ELISA method (enzyme-
linked immunosorbent assays) following the manufacturer’s
instructions (R&D Systems, Minneapolis, MN, USA).>’

Statistical methods

The statistical analysis was conducted using the software
SPSS (version 22; SPSS Inc, Chicago, Illinois, USA). Overall,
data were normally distributed as tested by Shapiro-Wilk
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Table 3  Primary and secondary outcomes.
Within group differences: mean =+ SD (95% Cl) Between group differences: mean = SD (95%Cl)
Active group Placebo group Control group Active - Active - Placebo -
(n=12) (n=14) (n=13) Placebo Control Control
Mean =+ SD (95%Cl) Mean =+ SD (95%Cl) Mean = SD (95%Cl)
Primary outcome
MVIC (peak torque/body weight)
Baseline 318.0 +£59.2 316.8 +£59.5 312.5+59.2 -2.5+21.8 -18,5 £22.6 -16.0 £ 21.3
At 6 wks 333.0£75.0 334.3+75.0 346.1 £ 75.0 (-45.2, 40.2) (-61.9, 24.9) (-57.8, 25.8)
Change baseline — 6 15.0 £ 55.4 17.5 £55.4 33.5+55.3
wks (-17.4, 47.4) (-12.5, 47.5) (2.4, 64.7)
Secondary outcomes (functional)
1RM (kg)
Baseline 69.0 + 14.9 64.3 +16.4 71.8 +£14.9 3.7+3.4 1.7+3.5 -2.0+3.4
At 6 wks 71.9 £ 16.4 63.5+14.9 73.00 + 16.4 (-3.0, 10.4) (-5.1, 8.5) (-8.6, 4.6)
Change baseline — 6 2.9+8.7 -0.8+8.7 1.2+8.7
wks (-2.2, 8.0) (-5.5, 3.9) (-3.7,6.1)
Load lifted at 1m/s
Baseline 32.2+13.5 30.3+13.5 30.2 +£13.5 -2.1£5.1 -7.7+5.2 -5.6 +4.9
At 6 wks 29.1 £ 14.6 29.3 £ 14.6 34.7 +14.6 (-12.1,7.9) (-17.8, 2.5) (-15.3, 4.2)
Change baseline — 6 -3.1+12.9 -1.0+12.9 4.6 £12.9
wks (-10.75, 4.5) (-8.0, 6.0) (-2.7,11.9)
Squat jump (cm)
Baseline 32.0+5.5 29.5+5.5 30.8+5.5 2.7+£1.1 -1.8+£1.1 0.9+1.1
At 6 wks 32.1+5.3 32.3+5.3 32.7+5.3 (-4.84, -0.51) (-3.9, 0.4) (-1.2,2.9)
Change baseline — 6 0.1+2.8 2.8+2.8 1.9+2.8
wks (-1.5, 1.8) (1.3, 4.3) (0.3, 3.5)
Sprint 10 m (s)
Baseline 1.7+0.1 1.7+0.1 1.7+0.1 -0.0 £0.0 -0.0£0.0 -0.0+ 0.0
At 6 wks 1.7+0.1 1.8+0.1 1.7+0.1 (-0.0, 0.0) (-0.0, 0.0) (-0.0, 0.0)
Change baseline — 6 -0.0 + 0.1 -0.0 £ 0.0 0.0+0.1
wks (-0.0, 0.0) (-0.0, 0.0) (-0.0, 0.0)
Sprint 20 m (s)
Baseline 3.1+0.2 3.2+0.2 3.1+0.2 -0.0 £0.0 0.0 £ 0.0 0.0+£0.0
At 6 wks 3.1+£0.2 3.2+0.2 3.1+£0.2 (-0.1, 0.1) (-0.1, 0.1) (-0.1, 0.1)
Change baseline — 6 0.0 +£0.1 0.0 £0.1 -0.0+£0.1
wks (-0.1, 0.1) (-0.1, 0.1) (-0.1, 0.1)
Sprint 30 m (s)
Baseline 4.5+0.3 4.5+0.3 4.4+0.3 -0.0 £0.0 -0.0 £ 0.0 0.0+£0.0
At 6 wks 4.4+0.3 4.5+0.3 4.4+0.3 (-0.1, -0.0) (-0.1, 0.1) (-0.1, 0.1)
Change baseline — 6 -0.0+0.1 0.0+0.1 -0.0+0.1
wks (-0.1, 0.0) (-0.1, 0.1) (-0.1, 0.1)
Secondary outcomes
(clinical)
Muscle soreness
Baseline 0.3+£0.6 0.1 £0.6 0.2+£0.6 0.1+0.4 -0.1+0.4 -0.2+0.4
At 6 wks 0.4+0.9 0.1 +£0.9 0.4+0.9 (-0.7,0.9) (-0.9, 0.7) (-0.9, 0.6)
Change baseline — 6 0.2+1.0 0.1+1.0 0.2+1.0
wks (-0.4, 0.8) (-0.5, 0.6) (-0.3, 0.8)
Pain threshold (kgf)
Baseline 2.4+0.4 2.3+0.4 2.4+0.4 -0.0 £0.2 0.1+0.2 0.1+0.2
At 6 wks 2.4+0.3 2.4+0.3 2.4+£0.3 (-0.4, 0.3) (-0.3, 0.4) (-0.2, 0.4)
Change baseline — 6 0.0+0.4 0.1+0.4 -0.0+0.4
wks (-0.3, 0.2) (-0.2,0.3) (-0.3,0.2)
Physically ready*
Baseline 8.5+1.7 79+1.7 8.4+1.7 0.2 +0.9 0.2 +0.9 0.0+0.8
At 6 wks 8.6 £1.7 7.8+1.7 8.3+1.7 (-1.6,1.9) (-1.6,1.9) (-1.6,1.7)
Change baseline — 6 0.1+1.2 -0.1+2.2 -0.1+2.2
wks (-1.2,1.4) (-1.3,1.2) (-1.3,1.2)
Mentally ready*
Baseline 9.1+£2.1 7.7+2.2 8.4+2.2 -0.5+0.6 -0.0 £ 0.6 0.5+0.6
At 6 wks 9.4+1.1 85+1.1 8.7+1.1 (-1.7,0.7) (-1.3,1.2) (-0.7,1.7)
Change baseline — 6 0.3+1.6 0.8+1.6 0.3+1.6
wks (-0.6, 1.2) (-0.1,1.7) (-0.6, 1.2)
Fatigue*
Baseline 0.8+£1.6 2.3+1.6 1.9+1.6 0.8 £0.6 0.1 +£0.6 -0.7+0.5
At 6 wks 1.0+1.7 1.8+1.7 2.1+1.7 (-0.3,1.9) (-0.9,1.2) (-1.7,0.4)
Change baseline — 6 0.3+1.4 -0.5+1.4 0.1+1.4
wks (-0.6, 1.1) (-1.3,0.3) (-0.7,0.9)
Vigorous**
Baseline 8.5+1.7 7.1+£1.7 7.7+£1.7 -1.6 £0.7 -0.4+£0.7 1.2+0.7
At 6 wks 8.2+1.6 8.4+ 1.5 7.8+1.6 (-2.9, -0.3) (-1.7,0.9) (-0.1, 2.5)
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Table 3  (Continued)
Within group differences: mean + SD (95% Cl) Between group differences: mean =+ SD (95%Cl)
Active group Placebo group Control group Active - Active - Placebo -
(n=12) (n=14) (n=13) Placebo Control Control
Mean =+ SD (95%Cl) Mean =+ SD (95%Cl) Mean =+ SD (95%Cl)
Change baseline — 6 -0.3+1.7 1.3+1.7 0.1+1.7
wks (-1.3,0.7) (0.4,2.2) (-0.9, 1.1)
Sleepy*
Baseline 2.0+1.2 1.9+1.2 2.6 +2.2 0.9 +0.6 1.3+0.7 0.3+0.6
(-0.3,2.2) (-0.0, 2.5) (-0.9, 1.5)

Abbreviations: MVIC, maximal voluntary isometric contraction); SD, standard deviation; Cl, confidence interval.

" Domains of psychological questionnaire.

test and visually confirmed by Q-QPlots. Goodness-of-fit was
tested by Akaike’s Information Criterion (AIC) and therefore
the General Mixed Model (GMM) with time and group as fixed
factors, subjects as random factor and AR(1) matrix was per-
formed for all outcomes. All tests were performed assuming
a significance level of p < 0.05, including Bonferroni post-
hoc when main effects were found. Results are expressed as
mean difference estimates and standard deviation (SD) with
95% confidence intervals (Cl) for group comparisons. Partici-
pants who dropped out of the study were excluded from the
analysis.

Results

Thirty-nine healthy (self-report) male volunteers (aged
18-30 years; height 176.9 + 6.2 cm; weight 75.3 +12kg;
body mass index 23.9 =+ 3 kg/m?) recruited between January
and March 2017, completed the study. The flowchart of par-
ticipants is presented in Fig. 1.

Table 3 shows the results for functional, clinical, and psy-
chological outcomes. There was no significant time by group
interaction, and no significant effect of group. However,
there was a significant time effect for MVIC (P=0.018) and
squat jump (12.60, P=0.001). Bonferroni post-hoc correc-
tions showed that, after six weeks, there was an increase in
MVIC (MD=33.5 Nm/kg; 95%Cl= 2.4, 64.7) and squat jump

VEGF
600+
500
4004 mm Control group
E B Active group
\2300' = Placebo group
200+
100+
04
Q 12 Q © o »
£ x c x c
T & BT 8 T o
[Z »w = » =
DS @ e @ &

Fig. 2 Vascular endothelial growth factor (VEGF) analysis
(data are mean and SD).

(MD=1.9 cm; 95%Cl=0.3, 3.5) regardless of the intervention
group. There were no significant main effects for the
remaining outcomes (Table 3; Fig. 2).

Discussion

This study aimed to assess the effects of PBM during a six-
week training program, combining sprints and explosive
squats exercises, on functional, clinical, and systemic out-
comes in trained individuals compared to a placebo inter-
vention and a control (i.e. passive recovery). Our findings
showed that PBM was not superior to placebo and control in
any of the investigated outcomes.

A previous meta-analysis from our research group’ identi-
fied that the effects of PBM on the concentration of CK
depend on the type of stress, showing greater effects after
localized exercises. Therefore, we understand that PBM may
promote better results when exercise causes greater muscu-
lar damage indicated, for example, by higher concentrations
of CK. Accordingly, we chose an exercise training program
that combines sprints and explosive squats because it has
been proposed to optimize performance adaptations, sug-
gesting higher gains than single-element programs.>® How-
ever, we found only small variations in clinical and
psychological outcomes throughout the groups suggesting
that training program was able to promote positive adapta-
tions such as improved MVIC and squat jump performance
without causing major stress. It is suggested that after the
process of primary adaptation to exercise, individuals may
experience less stiffness, pain, and less muscle damage,*’
which may have occurred after the initial six weeks of train-
ing. Therefore, because the combined training did not yield
significant pain and loss of function over the training period
the PBM effects might have been attenuated.

Although some authors believe that PBM can act sys-
temically, no changes were observed in the VEGF vari-
able when comparing to the placebo and control
groups. The VEGF is considered a systemic angiogenic
cytokine and its production can occur in peripheral and
central areas.”’ Its release mechanisms are mainly
related to the hemodynamic stimulus and can be influ-
enced by exercise intensity.*"** Skriver et al.*’ point
out that changes in the concentration of this marker in
humans after exercise are not yet fully elucidated,
with divergent results.
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In a systematic review involving the effects of exer-
cise on VEGF, Vital et al.** discusses that training fre-
quencies less than three times a week may not be
enough to promote increased VEGF production in the
elderly. Similarly, as observed in the present study,
regarding a healthy and trained population adapted to
exercise, the frequency of twice a week does not seem
to be sufficient to change VEGF production, as can be
seen in the control group. Furthermore, the results also
suggest that PBM was not able to promote additional
effects, with no difference between the active PBM
group and the other groups.

Vieira et al.** identified a 31% increase in VEGF con-
centration in the group that performed strength training
associated with PBM. However, the authors stress that
these effects come from preliminary results, which does
not allow to identify definitive conclusions.** Thus, from
the findings of this study, it is suggested that the addition
of PBM applied bilaterally twice a week to a combined
training of six weeks does not cause any systemic and
functional benefits.

The study presents high methodological quality with a
noteworthy design. The stratified block randomization
allowed a better distribution of responders and non-res-
ponders into groups. This type of control has been con-
sidered important and innovative when considering inter
and intra-variability responses. The application protocol
performed after control of the primary adaptation pro-
cess resulting from the exercise may be able to reflect
the real effect of the technique, which can be consid-
ered a strength of the study. To our knowledge this is the
first study to investigate the effect of PBM during a com-
bined training. The study is also the pioneer in consider-
ing participants previously adapted to the stimulus
provided by the specific type of training. Thus, the con-
trol of the primary adaptation process (trained subjects)
may be the justification for which benefits of PBM were
not observed.

The PBM was applied on strategic sites according to
greater muscle demand. Furthermore, we understand
that the application method with simultaneous probes
can be considered a limitation for clinical practice.
Thus, future investigations should consider the applica-
tion of PBM to other muscle groups used during this
type of training, in addition to those applied in this
study (i.e. hamstring, gastrocnemius), as well as the
use of equipment that involves all the musculature.
Such options should be investigated to verify whether
the absence of systemic results and muscle function are
confirmed even with the use of other methods of appli-
cation.

Conclusion

The results of this study show that the addition of PBM to a
combination of squat and sprint training performed for six
weeks in previously trained individuals did not result in addi-
tional benefits compared to the same training program sup-
plemented by a placebo intervention or no additional
intervention (control).
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