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Abstract Promising effects of phototherapy on markers of
exercise-induced muscle damage has been already demon-
strated in constant load or isokinetic protocols. However, its
effects on more functional situations, such as plyometric ex-
ercises, and when is the best moment to apply this treatment
(pre- or post-exercise) remain unclear. Therefore, the purpose
of this study was to investigate the effect of low-level laser
therapy (LLLT) before or after plyometric exercise on quadri-
ceps muscle damage markers. A randomized, double-blinded,
placebo-controlled trial was conducted with 24 healthy men,
12 at pre-exercise treatment group and 12 at post-exercise
treatment group. Placebo and LLLT (810 nm, 200 mW per
diode, 6 J per diode, 240 J per leg) were randomly applied on
right/left knee extensor muscles of each volunteer before/after
a plyometric exercise protocol. Muscular echo intensity (ultra-
sonography images), soreness (visual analogue scale - VAS),

and strength impairment (maximal voluntary contraction
- MVC) were assessed at baseline, 24, 48, and 72 h post-
exercise. Legs treated with LLLT before or after exercise pre-
sented significantly smaller increments of echo intensity
(values up to 1 %) compared to placebo treatments (increased
up to ∼7 %). No significant treatment effect was found for
VAS and MVC, although a trend toward better results on
LLLT legs have been found for VAS (mean values up to
30 % lesser than placebo leg). In conclusion, LLLT applied
before or after plyometric exercise reduces the muscle echo
intensity response and possibly attenuates the muscle sore-
ness. However, these positive results were not observed on
strength impairment.

Keywords Phototherapy . Quadricepsmuscle .Muscle
damage . Exercise recovery

Introduction

Exercise-inducedmuscle damage is a well-described phenom-
enon that occurs in response to an unaccustomed physical
activity, mostly the ones involving eccentric contractions [1].
It can be divided into the following two phases: primary or
mechanical damage and secondary or inflammatory damage
[1, 2]. Primary phase involves damage to microscopic muscu-
lar structures, such as the Z-line, sarcoplasmatic membrane,
sarcoplasmatic reticulum, T-tubules, myofibrils, and cytoskel-
etal system [1]. It triggers the secondary damage, caused by
alteration in Ca2+ homeostasis, and induces inhibition of mi-
tochondrial function, adenosine triphosphate (ATP) depletion,
inflammatory response, and proteolytic enzyme activation,
resulting in further damage to muscle tissue [1–3]. This pro-
cess can last up to several days and leads to impairments of
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muscle function, limitation of athletic performance, and in-
creased injury risk [1]. Therefore, delayed onset of muscle
soreness (DOMS), strength impairment, inflammatory re-
sponse, and presence of muscle proteins into the blood (espe-
cially creatine kinase - CK) are the most common markers
used in studies on exercise-induced muscle damage [4].
Additionally, muscular echo intensity (or echogenicity),
assessed through ultrasonography images, has been used as
a reliable non-invasive method to assess the muscle damage
level in humans [5–7].

Different therapeutic modalities have been studied on the
attempt to reduce muscle damage impairments, including anti-
inflammatory drugs, nutritional supplements, cryotherapy,
massage, stretching, electrical stimulation, endurance and re-
sistance exercise, among others [1, 2]. In this scenario, photo-
therapy (low-level laser therapy - LLLT); and light-emitting
diode therapy - LEDT), a non-pharmacological agent widely
used by physiotherapists to treat musculoskeletal injuries [8,
9], emerges as a possible intervention to counteract the unde-
sirable effects of exercise-induced muscle damage. LLLT/
LEDT act by interacting with cytochrome c oxidase, a mito-
chondrial enzyme of the respiratory chain, improving ATP
production and delaying cellular acidosis and its negative ef-
fect on cell metabolism [10, 11], besides an anti-inflammatory
action mediated by reduced reactive species of oxygen and
oxidative stress [12].

Benefits of phototherapy on exercise-induced muscle dam-
age have been already shown by some animal studies [13–15].
In humans, trials concerning LLLT/LEDT application before
[16–18], during [19], or after [16, 20, 21] exercise demonstrat-
ed positive effects (or at least a trend to) on DOMS [16–18,
20, 21], strength impairment [17, 18, 21], CK levels [17–19],
and lactate dehydrogenase (LDH) levels [18]. These trials
have used constant load [16, 19–21] or isokinetic [17, 18]
exercise protocols to induce muscle damage. Since its practi-
cal application may be limited as it does not reproduce sport
activities, efforts have been made to evaluate the effects of
phototherapy front to more functional tasks, such as cycling
[22, 23], running [24], and even a volleyball match [25].
However, these investigations assessed muscle damage solely
through CK levels and with a single time point few minutes
[22–24] or 24 h [25] after exercise, which limits the under-
standing of phototherapy effects on muscle response to dam-
age induced by functional exercises.

Considering currently available evidence, there is a lack on
the literature about the effect of phototherapy onmainmarkers
of muscle damage induced by functional/sportive tasks and no
consensus in relation to the best moment for phototherapy
application, pre-exercise vs. post-exercise. Therefore, the pur-
pose of this study was to investigate the effects of LLLT
(810 nm) before or after plyometric exercise on quadriceps
muscle echo intensity, soreness, and strength impairment up
to 72 h after exercise in healthy subjects.

Methods

Trial design

This study was a randomized, double-blinded, placebo-
controlled trial. The data collection was conducted at the
Physiotherapy Laboratory of the Universidade Federal de
Ciências da Saúde de Porto Alegre (Brazil).

Initially, volunteers were divided in two groups: (1) pre-
exercise treatment and (2) post-exercise treatment. Thereafter,
a computer randomization program was used to determine
which lower limb would be treated with LLLT in each volun-
teer. Consequently, the contralateral limb would receive pla-
cebo treatment. Care was taken to ensure a similar number of
subjects treated with active therapy in preferred and non-
preferred limbs. A researcher responsible for therapy applica-
tion was the only one aware of the LLLT/placebo randomiza-
tion. Volunteers and researchers responsible by the evalua-
tions were blinded to the treatment allocation.

Volunteers have been to the laboratory in four consecutive
days (Monday through Thursday), with an interval of 24 ± 1 h
between them. At the first day, participants underwent primary
baseline assessments of quadriceps muscle echo intensity,
soreness, and strength. Thereafter, subjects were submitted
to the LLLT/placebo application and the plyometric exercise,
respecting the sequence order determined by group allocation
(pre- or post-exercise treatment). Participants have been re-
evaluated 24, 48, and 72 h after plyometric exercise (Fig. 1).

Participants

Healthy and physically active males aged between 18 and
30 years were invited to participate in the study. Volunteers
who had been engaged in any type of systematized lower limb
strength training program in the last 3 months as well as who
presented musculoskeletal injuries in the lower limbs or con-
traindications to maximal exercise performance (as cardiovas-
cular, respiratory, or neurological diseases) were not included
in the study. Individuals who used analgesic or anti-
inflammatory drugs or performed any type of vigorous phys-
ical exercise for the lower limbs during the study protocol
were excluded.

Echo intensity

Echo intensity of rectus femoris muscle was assessed through
ultrasonography with a GE Vivid I (General Electric,
Fairfield, USA) equipment, along with a linear array probe
(48 mm, 7.5 MHz) of the same manufacturer. All measure-
ments were made by an experienced investigator using this
technique. Before each assessment, individuals remained in
supine position with knees and hips in neutral position and
rested for 10 min [26]. The distance between the greater
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trochanter and the articular line of the knee was measured, and
the mid-point was set as the reference for the evaluations. Four
transversal images were captured of each lower limb on each
day. Special attention was given to determine the specific site
where the images were collected from. At the first day, a
waterproof pen was used to mark the exact site where the
subsequent assessments should be done. In addition, a bubble
level was attached to the ultrasound probe to ensure a mini-
mum inclination during data collection. Posteriorly, all images
were analyzed with ImageJ software (National Institutes of
Health, USA) by a blinded researcher to LLLT/placebo ran-
domization. Briefly, a square with the area of 1 cm2 [7] was
positioned at the mid-point of rectus femoris for the
echogenicity calculation (gray scale histogram 0 = full black
picture; 255 = full white picture). The echo intensity mean
value between the four images from each day was used for
analysis.

Muscle soreness

Muscle soreness was assessed through the visual analogue
scale (VAS), a 100-mm horizontal line without marks or num-
bers, just indications of Bno soreness^ at left the beginning and

Bextreme soreness^ at the end of the line [18]. In each evalu-
ation, the same researcher instructed the subjects to go down
on a step (16 cm) and mark a vertical line on the scale that best
reflected their soreness during the quadriceps eccentric action.
Muscle soreness was quantified by the distance between the
initial point line (0 mm) and the point marked by the subject
[17, 18, 20, 21].

Maximal voluntary contraction

Peak torque during maximal voluntary contraction (MVC) of
knee extensor muscles from each lower limb was assessed
with the isokinetic dynamometer Biodex System 4 Pro
(Biodex Medical Systems, Shirley, USA). The volunteers
were positioned as the manufacturer’s recommendations for
evaluation of knee flexion-extension movements. A 5-min
warm-up on a cycle ergometer followed by 20 concentric knee
flexion-extension repetitions at 180°seg−1 were performed be-
fore each evaluation. Individuals performed three MVCs at
60° of knee flexion (0° = full knee extension) for 5 s, and the
highest peak torque value obtained and sustained for 0.5 s was
considered. If there was more than 10 % difference between
tests, a fourth test was performed [27]. A 2-min rest was given
between each MVC to minimize possible fatigue effects [27].
Volunteers were previously instructed to perform maximal
force, and verbal encouragements were given by researchers
during tests.

LLLT/placebo

LLLT and placebo were randomly applied by the same re-
searcher with the equipment Chattanooga Intelect Advanced
2766 (Chattanooga, USA) on knee extensor muscles. Half of
volunteers received LLLT at the preferred lower limb (the one
used to kick a ball), while the other half received the active
treatment at the non-preferred lower limb. Therapy was deliv-
ered about 2 min before or after the plyometric protocol, re-
specting the group division. Phototherapy was delivered with
a cluster probe composed by five 810-nm laser diodes, each
one with 200 mW (Chattanooga Corp., Chattanooga, USA).
Eight sites of the quadriceps muscle were defined by palpation
and treated: two at vastus lateralis, three at vastus medialis,
and three at rectus femoris (Fig. 2). Each site was treated for
30 s, leading to a dose of 6 J per diode, 30 J per site, and 240 J
per leg [27]. The probe was held stationary in skin contact at
90° angle with light skin pressure. Placebo and active thera-
pies were applied on the same way but with the device turned
off during placebo application. During LLLT/placebo applica-
tion, subjects were kept lying and blindfolded. Headphones
with music of their own choice were used to prevent any
equipment beep could provide clues about the active or pla-
cebo application.

Fig. 1 Flowchart of the study
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Plyometric protocol

The plyometric protocol suggested by Marginson et al. [28] was
chosen to promote the exercise-induced muscle damage. It con-
sists of 10 sets of 10 repetitions of the counter-movement jump
with a 1-min rest period between sets. Before protocol com-
mencement, volunteers received standardized instructions and
performed familiarization jumps. They were asked to stand with
feet shoulder-width apart and to keep hands on hips during
jumps. They should bend knees and hips until approximately
90° of flexion, jump as high as possible, return to the knee bend
position, and then to the same initial standing position. Verbal
guidance and encouragement were given during the protocol,
and participants were asked to repeat the jump when it was
wrongly performed (i.e., when individuals did not achieve a knee
flexion near to 90° before/after jump). All protocols were con-
trolled by the same instructor.

Statistical analysis

Data distribution and homogeneity were checked through
Shapiro-Wilk and Levene tests, respectively. Normalized data
(percent change compared to baseline time point) of echo inten-
sity and MVC were analyzed through a two-way repeated mea-
sures ANOVA [treatment (pre-LLLT, pre-placebo, post-LLLT,
post-placebo) × time (baseline, post-24 h, post-48 h, post-
72 h)], followed by LSD post hoc test. All subjects declared no
pain at baseline evaluation; therefore, raw data of muscle sore-
ness were analyzed with the same statistical approach. A signif-
icance level of 5 % (α< 0.05) was adopted for all procedures.

Results

Twenty-four participants completed the full study schedule,
12 in each group. No between-group difference (p > 0.05)

was found to age, body mass, or height (Table 1). In the same
way, similar values (p > 0.05) of quadriceps echo intensity,
soreness, and MVC were found at baseline evaluation
(Table 1).

There was no treatment-time interaction for any outcome
(p > 0.05 for all), while time effect was found for echo inten-
sity (p = 0.028), soreness (p < 0.001), and MVC (p < 0.001).

Significant treatment effect was found for echo intensity
(p = 0.011; Fig. 3). Limbs treated with LLLT before or after
exercise presented smaller echo intensity increments com-
pared to placebo treatments. No difference was found between
pre-LLLT and post-LLLT or between pre-placebo and post-
placebo (p > 0.05 for both comparisons).

Therewas no significant treatment effect for muscle soreness
(p > 0.05; Fig. 4). Pre-LLLT limbs reached soreness mean
values 17, 14, and 30 % smaller compared to placebo limb at
24, 48, and 72 h after exercise, respectively. Very close mean
values were observed between legs in post-exercise treatment

Fig. 2 LLLT parameters and application sites used in this study

Table 1 Characteristics (mean ± SD) of the volunteers

Pre-exercise Post-exercise
Treatment (n = 12) Treatment (n = 12)

Age (years) 24.00 ± 2.58 26.08 ± 3.00

Body mass (kg) 77.74 ± 14.44 79.65 ± 9.15

Height (m) 1.78 ± 0.04 1.77 ± 0.04

Baseline echo intensity (a.u.)

LLLT leg 136.03 ± 16.40 129.01 ± 14.13

Placebo leg 131.90 ± 16.18 122.71 ± 13.17

Baseline soreness (mm)

LLLT leg 0.00 ± 0.00 0.00 ± 0.00

Placebo leg 0.00 ± 0.00 0.00 ± 0.00

Baseline MVC (Nm)

LLLT leg 316.33 ± 82.68 293.52 ± 46.68

Placebo leg 319.71 ± 71.62 301.53 ± 45.09
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group at 24-h assessment (LLLT 2 % smaller than placebo),
while limbs treated with LLLT presented mean values 16 %
fewer than placebo limbs at 48 and 72 h post-exercise.

We found no significant treatment effect for MVC loss
(p > 0.05; Fig. 5). LLLT prior to exercise leads to MVC im-
pairments around 6–22 % less expressive than placebo treat-
ment throughout the study protocol. In the post-exercise treat-
ment group, the mean MVC loss of LLLT limb was 12 %
higher than placebo limb 24 h after exercise, while assess-
ments at 48 and 72 h showed 13–14 % less expressive losses
in LLLT compared to placebo limb.

Discussion

In this clinical trial, we investigated the effect of LLLTapplied
before or after plyometric exercise on markers of exercise-
induced muscle damage. Our initial hypotheses were (1) in
view of previous findings, both LLLT protocols (pre- or
post-exercise) would be able to reduce muscle damage
markers compared to placebo applications and (2) pre-
exercise LLLT would achieve better results than post-
exercise LLLT, because pre-exercise treatment could affect
primary and secondary phases of muscle damage, while
post-exercise treatment would affect only the secondary
phase. These hypotheses were partially confirmed by our
findings.

Evaluations of the echo intensity response to exercise have
been widely studied recently, and an increased signal was
previously described as a marker of muscle damage.
Although the full mechanism behind the echo intensity change

in response to muscle damage remains unclear, evidence sug-
gest that it represents connective tissue damage and inflam-
mation, as well as muscle swelling or increase in plasma en-
zyme levels, causing an increment on interstitial space be-
tween fibers [5–7]. Lower limb muscles have more discreet
changes in echo intensity values due to muscle damage com-
pared to upper extremity muscles [5], and placebo limb be-
havior (increased 3–7 %) was as expected for a quadriceps
muscle affected by exercise-induced muscle damage [5, 6].
Since echo intensity values remained practically unchanged
throughout the 72 h at limbs treated with LLLT before or after
exercise, the therapy effectiveness on preventing inflammato-
ry response seems to be demonstrated for the first time
through echo intensity levels in ultrasonography images.

DOMS assessment is probably the most common tool used
to measure exercise-induced muscle damage in humans [4],
and VAS is a largely used and validated instrument [17, 18,
20, 21]. Positive results on VAS have been shown in some of
the analyzed time points after exercise when phototherapy
was applied before [17] and after [20, 21] damaging exercise.
However, some authors [18, 29, 30] have reported data with
high dispersion in soreness perception, making it difficult to
obtain significant results from a statistical approach. One fac-
tor that may have contributed to this large data dispersion is
that volunteers were not allowed to see the mark made on
previous days in VAS. As they could not compare their current
soreness levels with the previous ones, it may have caused
some confusion and acted as a limiting factor. Nonetheless,
mean values of soreness experienced in both groups suggest a
beneficial effect of LLLT (see Fig. 4). In the pre-exercise
treatment group, mean values indicated that subjects

Fig. 3 Results (mean ± SE) of
muscular echo intensity change
for LLLT and placebo legs
throughout the study protocol.
Letter a indicates the difference
than baseline (p < 0.05), letter b
the difference than post-24 h
(p < 0.05), letter c the difference
than post-48 h (p < 0.05), and
letter d the difference than post-
72 h (p < 0.05)

Fig. 4 Results (mean ± SE) of
muscle soreness for LLLT and
placebo legs throughout the study
protocol. Letter a indicates the
difference than baseline
(p < 0.05), letter b the difference
than post-24 h (p < 0.05), letter c
the difference than post-48 h
(p < 0.05), and letter d the
difference than post-72 h
(p < 0.05)
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experienced up to 30 % less pain in LLLT limb compared to
placebo limb throughout the subsequent days of plyometric
exercise. Note that a 30 % difference in pain score is consid-
ered a clinically worthwhile response [31]. Since this consid-
eration depends on individual perspectives, an even lesser
analgesic effect may be very welcome in athletes and non-
athletes experiencing DOMS.

Strength loss following an exercise bout is a traditional
functional impairment due to muscle damage, and MVC is
considered one of the most reliable measurements of strength
impairment on damaged muscles [4]. Although our volunteers
have suffered smaller strength losses compared to those sub-
mitted to isokinetic eccentric exercise of the knee extensor
muscles [17, 18], the time effect observed on MVC analysis
may be added to DOMS and echo intensity data in order to
make clear that our plyometric protocol was able to promote
expressive levels of muscle damage. Earlier studies which
investigated the influence of phototherapy onmuscle recovery
have shown positive effects on knee extensors MVC from 24
to 96 h after eccentric exercise [17, 18, 21], which cannot be
supported by findings of Felismino et al. [19] or by our results.
We are not able to state if the type of exercise used for induc-
ing muscle damage (plyometric vs. isokinetic vs. constant
load), the study design (crossover vs. paired groups), or the
different phototherapy parameters are responsible for these
controversial results. However, it is interesting that echo in-
tensity, soreness, and strength had specific responses to pho-
totherapy in our study, suggesting that connective tissue dam-
age and inflammation are not directly related to nociceptive
sensation and functional status of the muscle. The reason for
the different response of these three muscle damage markers
to phototherapy should be further investigated.

There is no consensus on the literature about the optimal
phototherapy protocol for reducing the effects of exercise-
induced muscle damage; then, we have chosen to apply the
parameters successfully used in our previous trials [18, 27]
and supported by a meta-analysis study [32]. However, it is
important to note that other parameters than energy may affect
the tissue responses to phototherapy. Since the light

wavelength is considered a key factor on biological tissue
absorption, one could argue that better results could be found
with a different wavelength than 810 nm. A previous animal
study showed that phototherapy protects skeletal muscle tis-
sue against damage with wavelengths of 660 and 905 nm but
not of 830 nm [33], while human trials have shown both
positive [16, 18, 23] and no significant effects [19, 34] with
wavelengths near to 830 nm. Furthermore, discussion about
the differences between LLLT and LEDT can be raised up
here. On one hand, there is the idea that Blight is light^; thus,
there is no big difference between the light sources to prevent
exercise-induced muscle damage if the total dose applied per
muscle group is adequate [25]. On the other hand, it has been
currently suggested that therapeutic advantage can be
achieved if different wavelengths and/or light sources are ap-
plied at the same time [17, 33, 35]. Therefore, we encourage
studies comparing the effects of different wavelengths and
light sources on exercise-induced muscle damage in humans.

The moment of application is also a factor that might influ-
ence the therapy effectiveness. Time response for improving
both muscle ATP content and resistance to fatigue by photo-
therapy applied over mice skeletal muscles were already dem-
onstrated [36], and a recent clinical trial of the same research
group demonstrated positive effects on CK levels with photo-
therapy applied 40–60 min before a volleyball match in pro-
fessional players [25]. While some authors [25, 36] argued
that the waiting time would allow to muscles a larger time to
respond to the light and possibly would promote better results,
studies [16–18] have shown good results on different muscle
damage markers (i.e., strength, pain, CK, and LDH) with pho-
totherapy delivered few minutes before exercise. Additional
evidence from studies with positive results on muscle damage
treated with phototherapy during [19] and after exercise [16,
21] contributed to our research question about the best mo-
ment to apply phototherapy aiming to counteract exercise-
induced muscle damage.

To the best of our knowledge, only dos Reis et al. [16] have
already compared the effects of phototherapy applied before
and after an exercise bout. However, the exercise

Fig. 5 Results (mean ± SE) of maximal voluntary contraction (MVC)
change for LLLT and placebo legs throughout the study protocol. Letter
a indicates the difference than baseline (p < 0.05), letter b the difference

than post-24 h (p < 0.05), letter c the difference than post-48 h (p < 0.05),
and letter d the difference than post-72 h (p < 0.05)
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characteristics (knee flexion-extension repetitions until ex-
haustion) and the outcomes (lactate clearance and CK collect-
ed 5 min after exercise) suggest that this study [16] was more
focused on the recovery from the fatigue process than muscle
damage, as well as other studies with phototherapy application
before cycling [22, 23] and running [24] tests. Therefore, the
present study is the first one to compare the effects of pre- and
post-exercise phototherapy on the classical markers of muscle
damage throughout subsequent days of an exercise protocol.
Findings of this study refuted our initial hypothesis that pre-
exercise treatment would be the best choice, suggesting that
adequate LLLT parameters used during application (e.g., en-
ergy, power, wavelength) seem to be more important than
moment of application (immediately before or after exercise)
for counteracting the exercise-induced muscle damage.
However, more investigations on this topic are needed to op-
timize phototherapy treatments in the exercise field.

Different from previous studies involving phototherapy
and exercise-induced muscle damage, we choose a crossover
design with LLLT or placebo being applied in each leg of a
same volunteer submitted to a single exercise session. Since
preferred and non-preferred arms respond similarly to maxi-
mal eccentric exercise in regards to muscle damage markers
[37], we suppose that a similar behavior may be attributed to
the lower limbs submitted to plyometric exercise (executed
bilaterally; e.g., the same body weight being unloaded on each
leg). The main advantage of this crossover design is that it
limits the influence of intervenient factors found in a two-
group design or a two-session design, such as baseline status
and motivation in exercise performing, as well as sleep [38],
diet [39], and daily activities [1] after damaging protocol. In
each group of our study (pre- and post-exercise treatment),
both lower limbs (LLLT and placebo) of each volunteer expe-
rienced the same magnitude of these intervenient factors, min-
imizing possible biases. As disadvantage, this study design
makes it impossible to assess biochemical markers of inflam-
mation or muscle damage, as the commonly used CK.

In summary, the LLLT protocol used in this study had no
effect on strength fall induced by muscle damage; then, cau-
tion is needed for recommending phototherapy to reduce this
functional impairment. However, LLLT applied both before
and after plyometric exercise was able to reduce the muscular
echo intensity, indicating a reduced inflammatory response
mediated by phototherapy. In addition, our findings suggest
a slight effect (not statistically significant) onmuscle soreness,
whichmight seem too small for most individuals but canmake
a crucial difference for high-performance athletes.
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