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Abstract This study aimed to evaluate the effects of 5 days of
810-nm low-level laser therapy (LLLT) intervention on in-
flammatory and muscle damage markers and performance in
young water polo players. Twenty young male water polo
players participated in the study, which was designed as a
randomized, double-blinded, placebo-controlled trial. Active
LLLT or an identical placebo LLLT were delivered to eight
points on the adductor muscle region immediately after each
training day. Performance was measured by a 200-m maximal
swimming (P200) and a 30-s crossbar jump test (30CJ) which
was performed every day before training, and blood samples
were drawn pre and post the final LLLT intervention to mea-
sure interleukins (IL) and muscle damage markers. There was
no significant change in the P200 exercise in the LLLT group
compared with the placebo group but there was a moderate
improvement in the 30CJ (8.7±2.6 %). IL-1β and tumor ne-
crosis factor-alpha presented increased (P < 0.016)

concentration within group 48 h after the last LLLT interven-
tion compared to pre, 0, and 24 h, but did not differ between
groups. IL-10 increased over time in the placebo group and
reached a moderate effect compared to the LLLT group. The
creatine kinase decreased significantly (P=0.049) over the
time within the LLLT treatment group, but there was no sig-
nificant change in lactate dehydrogenase (P=0.150). In con-
clusion, LLLT resulted in a non-significant, but small to mod-
erate effect on inflammatory and muscle damage markers and
a moderate effect on performance in water polo players. In
addition, the lack of positive results could be due to the small
area covered by irradiation and this should be considered in
future studies.
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Introduction

In recent years, both the beneficial and harmful effects of
exercise have been widely investigated [1–5]. In high-level
competitive sports, athletes are required to undertake heavy
training loads using different and sometimes concurrent
methods (e.g., aerobic and strength training) to elicit physio-
logical adaptations and improve performance [4]. The adop-
tion of concurrent training strategies is a special feature of
many teams in different sports modalities [6].

The training schedule of high-level athletes is generally
considered a strong systemic stressor agent. A number of
studies have investigated the relationship between exercise
training and stress biomarkers, including muscle damage and
inflammation [5, 7–9] in both acute and chronic responses to
exercise [7, 8].
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After a period of single or multiple exposures to high-
intensity exercise, increased circulating levels of soluble mus-
cle damage biomarkers such as lactate dehydrogenase and
creatine kinase (in addition to inflammatory markers such as
pro-inflammatory cytokines and C-reactive protein) are evi-
dent [9, 10]. This is mainly observed in response to eccentric
exercise [11–13]. Eccentric exercise or repeated high loads
may damage muscle fibers (highlighted by increased blood
creatine kinase and lactate dehydrogenase levels), impairing
muscle function, and prompting an inflammatory reaction [1,
2, 10]. Therefore, without sufficient recovery time and reduc-
tion in training loads, signs and symptoms of overreaching/
overtrainingmay appear [2], making the athletes more suscep-
tible to decreases in performance and increases in musculo-
skeletal injuries [14].

In real exercise situations, the most common methods used
to speed up post-exercise recovery are active recovery [15]
and cold water immersion [14]. More recently, low-level laser
therapy (LLLT) has been used in the treatment of skeletal
muscle injuries, to improve tissue repair [16], reduce inflam-
matory processes [17, 18], and delay the development of mus-
cle fatigue [18, 19]. According to Leal Junior et al. [20], cold
immersion was not effective in improving recovery frommus-
cle damage after intensive exercises in high-level athletes. The
authors clearly demonstrate that light therapy [i.e., light-
emitting diode (LED) therapy] was significantly more effec-
tive for accelerating muscle recovery.

Antonialli et al. [21] demonstrated that early exposure to
LLLT was quite effective in reducing delayed onset muscle
soreness and creatine kinase activity, increasing the pain thresh-
old, and maximal voluntary contraction with effective effects at
doses of 30 J. In addition, photobiomodulation therapy (i.e.,
laser and/or LED) seems to be effective in reducing muscle
damage, delaying skeletal muscle fatigue [16, 18, 22–24], and
possibly, improving performance due to greater adenosine tri-
phosphate synthesis through the mitochondrial pathway [25].

Water polo is characterized by intermittent high-intensity
activities (i.e., approximately ∼44 % of the distance covered
during the game is performed at velocities >1.4 m s−1) [26],
eliciting significant participation of the anaerobic metabolism
(blood lactate ∼7.7 ± 1.0 mmol L−1) [26]. In consequence,
game simulations and training drills are often performed using
repeated high-intensity efforts [26]. Due to these high-
intensity efforts and the consequent fatigue, the physical per-
formance of water polo players during the final quarter of the
game is often decreased, as manifested by reduced distance
covered (∼7 %) [26] and deterioration in skill proficiency and
technical performance (i.e., a decrement of about 43 %) [27].
Due to the highly demanding activities inherent in water polo
and significant muscle fatigue produced by this sport modal-
ity, we hypothesized that LLLT may play a role in muscle
recovery and fatigue, accelerating the process of recovery
from training and helping coaches and physical trainers to

manage the training loads while avoiding excessive fatigue
and/or overtraining.

In addition, during a defensive or offensive action, when
the players are in a quasi-vertical floating position (e.g., male
water polo players spend from 55 to 67% of a game in various
options of the quasi-vertical floating position) [28], the players
mainly perform the eggbeater kick, instead of the breaststroke
“whip kick,” which consists of the right leg rotating counter-
clockwise while the left rotates clockwise in a kick unique to
water polo. The adductor longus plays the major role in the
adduction motion, principally during the power phase of the
eggbeater kick [29]. Therefore, a high proportion of fatigue
duringwater polo is associatedwith fatigue in the lower limbs.

The purpose of the present study was to evaluate the effects
of low-level laser irradiation on inflammatory and muscle
damage markers and also on 200-m performance and a water
polo anaerobic-specific test in young water polo players after
5 days of high-intensity training. Our scientific hypothesis
was that LLLT would significantly reduce the production of
inflammatory mediators and muscle damage signs, enhancing
or maintaining performance compared to the control (non-ir-
radiated–placebo) conditions.

Methods

Subjects

Twenty young male polo players participated in the study (age
15.4 ± 1.2 years, body mass 68.3 ± 10.5 kg, height 173.9
±5.9 cm, and body mass index 22.5±2.6 kg/m2). The players
had at least 2 years of training and competition experience.

Inclusion and exclusion criteria

Only athletes who did not present any kind of tendon, joint, or
skeletal muscle lesions during the previous 12 months were
included in the sample. The athletes were also prohibited from
taking any kind of analgesic or anti-inflammatory drugs.

All procedures were approved by the University’s
Institutional Review Board for Human Subjects (Human
Research Ethics Committee; Process number 900.455/14)
and conducted in accordance with the Declaration of
Helsinki. The athletes and their parents were informed about
the experimental procedures and risks, and both provided a
written informed consent form authorizing the athletes’ par-
ticipation in the study.

Training routine

The training routine consisted of 6 days per week with ses-
sions lasting 4 h per day (2 h of swimming training and 2 h of
water polo training, except Saturday—match simulation).
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Experimental design

A randomized, double-blind, placebo-controlled, parallel-
group study was conducted. The randomization was per-
formed using Excel (Microsoft® Corporation, Redmond,
Washington, USA), considering the matching players by po-
sition, individual best time in the 200-m swimming and an-
aerobic threshold. This randomization procedure permitted
formation of groups with similar performance (i.e., both
groups with players with low, medium, and high perfor-
mances) and water polo positions.

Initially, the subjects performed an incremental test for an-
aerobic threshold determination and body composition analy-
sis using a dual energy x-ray absorptiometry scanner (DEXA)
(Hologic Discovery, Hologic, Inc., Waltham, MA, USA),
which were used to characterize the sample.

In addition to the incremental test and DEXA (Hologic
Discovery, Hologic, Inc., Waltham, MA, USA), the athletes
were submitted to a maximal 200-m effort before and after the
intervention period (i.e., 48 h after the last LLLT intervention)
and a 30-s crossbar jump test (30CJ), which was also per-
formed every day during the 5-day intervention to monitor
specific performance. Blood samples were collected at rest
conditions, immediately before the intervention treatment
(baseline —Tuesday) and 0, 24, and 48 h after the final day
of the LLLT intervention. A schematic summary of the study
design is presented in Fig. 1.

Low-level laser therapy

For low-level laser therapy (LLLT), the athletes were randomly
allocated into two groups according to their water polo game
position (i.e., goal keepers, center forwards, center defenders,
and field players) and swimming performance (i.e., 200-m per-
formance and anaerobic threshold); the laser and placebo
groups. The LLLTwas performed in a double-blinded design.

During the experimental week, the athletes undertook daily
training sessions in the afternoon. Application of the laser or
placebo took place 5–40 min immediately after each daily
training session, in a counterbalanced order. Due to the prev-
alence of the active eggbeater kick during water polo (i.e.,
specific water polo kick) and the fact that adductor muscle
strains are a common injury in sports that involve sudden
changes of direction such as water polo, the probe was applied
to eight points of the adductor magnus and adductor longus
muscles. Laser/placebo irradiations were performed in two
parallel lines (interspaced by ∼2 cm) of four spots interspaced
by ∼2 cm, with the first point located around 4 cm from the
groin, focusing on performing laser irradiation in the muscle
belly. This was based on findings that the area of pain and
tenderness is usually located either in the belly of the adductor
longus, the proximal musculotendinous junction or the ten-
don, near its origin on the inferior pubic ramus [30].
Considering the spot size area (i.e., 0.028 cm2) resulting in a
small area of tissue covered by irradiation, eight spots per leg
were irradiated to attain a wide muscular area. A representa-
tive picture of the points where the probe was applied is pre-
sented in Fig. 2. The LLLTwas applied by means of an infra-
red laser unit (DMC®; Sao Carlos, Sao Paulo, Brazil). The
optical output of the laser unit was measured before, halfway
through, and after the study to check calibration. The optical
power was calibrated using a Newport multifunction optical
meter model 1835 °C (Newport, Irvine, CA, USA). The sta-
bility of the laser during the laser irradiation was measured,
collecting light with a partial reflect (4 %). The optical power
output of the laser unit was measured before, halfway through,
and after the experiment. All measurements of state parame-
ters were performed at laser aperture and the manufacturer
supplied the laser beam information. The details of LLLT
irradiation are shown in Table 1. In addition, the wavelength
of 810 nmwas chosen as it can transmit light energy from 2 to
4 cm beyond the skin, therefore reaching soft tissue such as
muscles, ligaments, and tendons [18].

Fig 1 A schematic summary of
the study design. Baseline
measures, application of LLLT
after each training session and
blood samples drawn
immediately (0 h) and 24 and 48 h
after the final LLLT intervention
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This linear laser array was applied eight times, thus irradi-
ating 8 points of each leg, giving a total of 16 irradiated points
per session with a total energy delivered of 48 J (i.e., 24 J per
leg). The irradiation was performed in the contact mode with
the laser probe held stationary with slight pressure at a 90 °
angle on each of the 16 treatment points.

To ensure a double-blind design, the laser apparatus
consisted of a switch with two possible options: one to “acti-
vate” and another to “inactivate” the laser (i.e., turned on but
without laser irradiation). In both conditions, all machine feed-
back was disabled such as laser light and noise which could
indicate whether the machine was performing laser irradiation
or not. Before each LLLT irradiation treatment or placebo, a
technician set the control unit of the laser to the active or
placebo setting. Thereafter, the technician handed the preset
laser to the assessor who applied the LLLT irradiation treat-
ment or placebo. The technician was instructed not to disclose
the type of treatment assigned to either the subject or re-
searchers. During the experimental week, no researcher, sub-
ject, or teammember involved in the laser/placebo application

was informed of the active and inactive switch option posi-
tions, ensuring that the treatment allocation was hidden from
the subjects, researchers, and observers.

Anaerobic threshold determination

To determine the anaerobic threshold (AnT), the athletes
underwent four progressive bouts of 400-m freestyle swim-
ming. The four 400-m swimming stages corresponded to weak,
moderate, strong, and maximal efforts and the velocities were
1.08±0.08, 1.10±0.08, 1.15±0.07, and 1.25±0.14 m s−1, re-
spectively. Blood samples (25 μL) were collected from the
earlobe immediately after each exercise stage for blood lactate
analyses. The AnT corresponded to the exercise velocity at
which an abrupt blood increase was observed, which was de-
termined using a bi-segmented linear fit on the lactate-velocity
relationship (i.e., second abrupt blood lactate increase).

200-m Performance determination

The athletes underwent a 200-m maximal free style swim, in a
semi-Olympic 25-m pool, starting the test in the water. The
time to cover the 200 m was considered as the performance of
200 m (P200). This test was applied twice, before and after
(48-h post) the LLLT + training intervention.

30-s Crossbar jump test

The 30-s crossbar jump test (30CJ) is considered a classic
water polo anaerobic-specific test [31, 32]. The 30CJ consists
of performing the maximum number of jumps out of the water
to touch the vertical bar of the water polo goal in 30 s. The
players were instructed to start the test in the fundamental
floating position with their heads and shoulders just above
the water, and after a beeping signal, to repeatedly jump out
of the water and touch the vertical bar of the water polo goal

Fig. 2 Protocol of low-level laser therapy on the adductor magnus and
adductor longus muscles applied at eight spots (spot size area of
0.028 cm2) consisting of two parallel lines (interspaced by ∼2 cm) of
four spots interspaced by ∼2 cm, with the first point located around
4 cm from the groin. The circles show the representative points of
LLLT application and the area size is not to scale

Table 1 All parameters of low-
level laser therapy (LLLT) Parameters

Wavelength 810 nm (infrared)

Laser frequency continuous optical output

Optical output 100 mW

Spot size area 0.028 cm2

Power density 3.57 W/cm2

Dose 3 J per each point

Energy density 107.14 J/ cm2

Number of points 16 (8 points per leg)

Muscles irradiated adductor magnus and adductor longus muscles

Irradiation time 30-s

Total energy delivered 48 J

Application mode Probe held stationary in skin contact with a 90 ° angle and slight pressure
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with both hands. The validity and reliability of the 30CJ was
described by Bampouras et al. [31, 32]. This procedure was
repeated on each training day. The first test was taken as the
baseline and the following tests were performed under the
effect of the laser or placebo. The 30CJ was always applied
after 5 min of warm-up, prior to the main training session.

Training loads

The weekly training loads were obtained using the session-
rating of perceived exertion (session-RPE) method as pro-
posed by Foster et al. [33]. Thirty minutes after each daily
training session, the perceived intensity was obtained from
the Borg’s scale as modified by Foster et al. [33]. The athletes
were familiar with this method, having used the scale for a
long time in their normal routines. All training load parame-
ters were presented in arbitrary units (a.u.). The training loads
were quantified by session-RPE, which corresponded to the
product of post-training RPE and the duration of training in
each exercise session.

Measurement of the inflammatory and muscle damage
markers

On the first day of intervention (Tuesday), before the last
training session (Saturday) and 24 and 48 h after the end of
the training week, ∼5 mL of blood was drawn from the
antecubital vein through venous puncture for analysis of blood
cytokines (i.e., interleukin-1 beta, interleukin-10, and tumor

necrosis factor-alpha) and muscular damage markers (i.e., cre-
atine kinase and lactate desidrogenase). The blood samples
were collected in Vacutainer® EDTA Tubes (Becton,
Dickinson and Company Franklin Lakes, NJ, USA), that were
immediately centrifuged at 3000g per 10 min. Thereafter, the
plasma was separated and stored in 1.5-mL tubes at −80 °C
until analysis.

Serum level of tumor necrosis factor-alpha (TNF-α),
interleukin-1 beta (IL-1β), and interleukin-10 (IL-10) were
detected using commercial enzyme-linked immunosorbent as-
say kits (OptEIA; Becton, Dickinson and Company, Franklin
Lakes, NJ, USA) according to the manufacturer’s instructions.
Serum was assayed in duplicates and intra-assay coefficients
of variation were 9.5 % (TNF-α), 8.8 % (IL-1β), and 6.0 %
(IL-10), respectively.

Plasma creatine kinase (CK) activity and lactate dehydro-
genase (LDH) were analyzed using a specific enzymatic kit
(Wiener-Laboratorios® SAIC, Rosario, Argentina, and
Bioclin Quibasa®, Santa Branca, Brazil, respectively) based
on the manufacturer’s instructions. The tests were read with a
microplate spectrophotometer device (model SpectraMax
Plus 384®, Molecular Devices, Sunnyvale, CA, USA). The
examiner was blinded to all analyses.

Statistical analysis

The normality of the data was confirmed using the
Shapiro-Wilk test, which permitted the use of parametric

Table 2 Values of body fat percentage (% fat), fat mass, bone mass,
bone mass density, lean mass, and lean mass plus bone mass (lean mass +
bone mass) measured using the dual energy x-ray absorptiometry

(DEXA) in laser and placebo groups. The values are presented in mean
± standard error of the mean (95 % confidence interval)

DEXA outcomes Laser group Placebo group P value Effect size Magnitude

% Fat (%) 19.2 ± 1.2 (16.5–21.9) 19.8 ± 1.0 (17.5–22.0) 0.72 0.09 Trivial

Fat mass (g) 13,484.3 ± 1311.5 (10,517.5–16,451.1) 12,371.7 ± 1062.2 (9968.8–14,774.4) 0.52 −0.14 Trivial

Bone mass (g) 2473.9 ± 169.3 (2091.0-2856.9) 2251.9 ± 101.3 (2021.3-2482.5) 0.28 −0.24 Small

Bone mass density (g/cm2) 1.10 ± 0.04 (1.02–1.18) 1.06 ± 0.03 (0.99–1.12) 0.34 −0.24 Small

Lean mass (g) 53,424.9 ± 3116.0 (46,376.0–60,474.9) 50,256.9 ± 1727.7 (46,348.6–54,165.1) 0.39 −0.19 Trivial

Lean mass + bone mass (g) 55,898.9 ± 3275.0 (48,490.3–63,307.4) 52,508.7 ± 1799.9 (48,437.2–56,580.3) 0.38 −0.20 Small

Table 3 The rating of perceived exertion (RPE) and session-RPE values measured during each exercise session during the week of LLLT intervention
for both groups. Value in mean± standard error of the mean

Laser group – RPE (a.u.) Laser group – session-RPE (a.u.) Control group – RPE (a.u.) Control group – session-RPE (a.u.)

Tuesday 6.3 ± 0.5 1280.9 ± 109.4 6.2 ± 0.5 1249.6 ± 104.0

Wednesday 5.7 ± 0.6 1140.0 ± 120.4 4.7 ± 0.4 940.0 ± 79.2

Thursday 6.7 ± 0.5 1333.3 ± 98.7 6.3 ± 0.5 1255.6 ± 96.3

Friday 6.1 ± 0.7 1210.0 ± 135.3 6.2 ± 0.4 1240.0 ± 89.7

Saturday 4.1 ± 0.8 731.3 ± 148.6 3.7 ± 0.3 596.3 ± 92.5
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analysis and mean ± standard error of mean to present
the results. The 95 % confidence interval (95 % CI)
was also presented. The independent t test was used to
compare the data from DEXA between groups. Two-
way analysis of variance (ANOVA) (groups × time)
for repeated measures was used to compare the values
measured in both groups, before and after the LLLT
intervention. In addition, Mauchly’s sphericity test was
applied to the data and sphericity was assumed to be
violated when the F test was significant. In case of
sphericity violation, the Greenhouse-Geisser Epsilion
correction was used. Analyses were completed by using
the “LSD” post hoc test. The effect size (ES) obtained
in each statistical analysis are also presented and
interpreted as proposed by Hopkins (www.sportsci.org/
resource/stats), with ES< 0.2 considered as trivial, small
between 0.2 and 0.5, moderate between 0.6 and 1.1,
large between 1.2 and 1.9, and very large >2.0. In all
cases, statistical significance was set at P < 0.05.
Statistical analyses were performed using the software
package SPSS version 16.0 (SPSS Inc., Chicago, IL,
USA).

Results

The values of body composition measured using DEXA are
presented in Table 2. No differences (P > 0.05) between
groups were observed.

The training load quantified by session-RPE did not differ
statistically (P>0.05) between groups. These values are pre-
sented in Table 3.

There was no difference (P>0.05; ES=0.29) between the
laser and placebo groups for the 200-m performance pre
(154.2 ± 12.2 and 155.1 ± 6.7 s, respectively) and post
(152.6±13.8 and 155.9±6.7 s, respectively) the intervention
week. However, small to moderate effects were found for the
LLLT group in the 30-CJ performance across the measures
(Table 4). As can be seen in Table 4, ES increased through
days 1 to 4 (Fig. 3). This effect was not found in the placebo
group, which maintained performance throughout the experi-
mental week (within the trivial change zone) (Fig. 3 and
Table 6).

The results of interleukin-1 beta (IL-1β), interleukin-10
(IL-10), tumor necrosis factor alpha (TNF-α), creatine kinase
(CK), lactate dehydrogenase (LDH), ratio IL-10/TNF-α, and
TNF-α/IL-10 ratio for both groups measured at baseline (pre)
and immediately, 24- and 48-h after the final LLLT interven-
tion are presented in Table 5. The values of percentage chang-
es in relation to baseline for these variables are presented in
Figs. 4 and 5. There were no differences (P>0.05) between
groups in the inflammatory and muscle damage markers be-
tween the pre and post experimental week. However, there
were within group differences in the changes in IL-1β
(P = 0.016, statistical power = 96.8 %) and TNF-α 48 h
(P=0.010, statistical power= 94.8 %) after the final LLLT
intervention compared to pre, 0, and 24 h. A significant dec-
rement (P<0.05) in CK concentration (P=0.049, statistical
power=64.1 %) was also observed in the LLLT group post
experimental week compared to the baseline and immediately
after the final LLLT intervention. Regarding the effect size of
the changes in cytokine concentration, moderate effects were
found in the pre to post changes in IL-1β, IL-10, and LDH
between groups (Table 6).

Table 4 Results from 30-s crossbar jump test (30CJ) measured before low-level laser therapy intervention and during each day of intervention. The
values are presented in mean ± standard error of the mean (95 % confidence interval)

Pre Day 1 Day 2 Day 3 Day 4

Laser
group

30CJ (Jump) 26.0 ± 0.9 (24.0–28.0) 26.6 ± 0.6 (25.3–27.9) 26.7 ± 0.5 (25.5–27.9) 27.5 ± 0.7 (26.0–29.0) 28.0 ± 0.8 (26.1–29.8)

30CJ (% change
from pre)

100.0 ± 0.0 (0.0–0.0) 102.8 ± 1.9 (100.0–105.6) 103.7 ± 3.9 (97.5–110.0) 106.9 ± 4.6 (99.4–114.5) 108.7 ± 4.6 (100.6–116.8)

Placebo
group

30CJ (Jump) 25.9 ± 0.6 (24.5–27.3) 25.9 ± 0.6 (24.5–27.3) 26.0 ± 0.8 (24.1–27.8) 26.3 ± 0.7 (24.6–28.0) 26.3 ± 0.8 (24.5–28.0)

30CJ (% change
from pre)

100.0 ± 0.0 (0.0–0.0) 100.0 ± 1.3 (97.2–102.8) 100.3 ± 1.7 (94.1–106.6) 101.6 ± 2.1 (94.1–109.2) 101.8 ± 2.9 (93.7–109.9)

Fig 3 Effect size in mean and 95 % confidence interval for CJ-30
changes for the placebo and LLLT groups
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Discussion

In the present study, we demonstrated that high training
loads were not able to produce significant effects in ath-
letic performance in male water polo players; however,
alterations in the biochemical and inflammatory mediators
were observed. Although the performance tests did not
demonstrate significant differences (P < 0.05), in the
laser-treated group the players swam the 200 m around
1.1 % faster while the 30-CJ after LLLT improved around
9 %. This concurs with Hopkin’s findings [34] that some-
times conventional statistical analysis is not sensitive
enough to detect improvements in sport performance and
therefore, we added the analysis using effect size, which
enables a complementary analysis of magnitude of the
difference between groups [35]. In addition, LLLT was
able to negate the alterations precipitated by high training
loads in young male water polo players.

The application of LLLT in musculoskeletal fatigue pro-
cesses to decrease muscle damage markers and inflammatory
processes is relatively new and there is a wide variation in
energy, power, power density, and irradiation times [16, 18];
the optimal parameters of application are not yet fully eluci-
dated. However, some studies in the literature [18, 19], using
similar laser dosimetry to that used in the current study (i.e.,
3 J per point), reported beneficial effects on tissue repair in a
shorter time in injured muscles, as well as a delay in the onset
of skeletal muscle fatigue in high-intensity exercises [24, 36],
evidencing the effectiveness of the dosage used in LLLT treat-
ment. Moreover, in a systematic review, Borsa et al. [18] re-
ported that diodes emitting in the near infrared spectral range
are best suited for treating deep soft tissue disorders due to
these wavelengths transmitting light energy from 2 to 4 cm
beyond the skin interface, similar to the laser wavelength used
in the current study (i.e., 810 nm); while diodes with wave-
lengths ranging from 400 to 700 nm have poorer light

Table 5 Results from interleukin 1 beta (IL-1β), interleukin 10 (IL-10),
tumor necrosis factor alpha (TNF-α), creatine kinase (CK), lactate
dehydrogenase (LDH), ratio IL-10/TNF-α and ratio TNF-α/IL-10 for

both groups measured at baseline (pre) and immediately, 24 and 48
after the last LLLT intervention. The values are presented in mean ±
standard error of the mean (95 % confidence interval)

Pre Post 24 h 48 h

Laser
group

IL-1β (pg mL−1) 1.58 ± 0.10 (1.52–1.64) 1.46 ± 0.09 (1.41–1.52) 1.48 ± 0.06ab (1.43–1.53) 1.99 ± 0.66bc (1.53–2.44)

IL-10 (pg mL−1) 3.94 ± 1.94 (2.77–5.12) 3.18 ± 1.40 (2.18–4.17) 3.49 ± 1.39 (2.49–4.49) 4.00 ± 1.71 (2.88–5.12)

TNF-α (pg mL−1) 1.43 ± 0.21 (1.24–1.62) 1.32 ± 0.20 (1.13–1.67) 1.49 ± 0.17 (1.32–1.67) 2.04 ± 0.68abc (1.58–2.49)

CK (IU/L) 125.26 ± 70.25 (79.63–170.88) 114.06 ± 56.43 (75.99–152.14) 84.30 ± 33.36 (59.34–109.26) 60.76 ± 40.66ab (29.35–92.17)

LDH 87.55 ± 25.07 (71.31–103.78) 79.03 ± 29.51 (60.37–97.69) 83.28 ± 14.21 (73.30–93.26) 99.04 ± 33.26 (81.44–116.65)

Ratio IL-10/TNF-α 2.57 ± 0.42 (1.66–3.47) 2.50 ± 0.40 (1.63–3.38) 2.41 ± 0.33 (1.69–3.13) 2.14 ± 0.30 (0.49–2.78)

Ratio TNF-α/IL-10 0.446 ± 0.063 (0.311–0.581) 0.444 ± 0.064 (0.360–0.582) 0.453 ± 0.057 (0.329–0.576) 0.534 ± 0.0644 (0.397–0.671)

Placebo
group

IL-1β (pg mL−1) 1.56 ± 0.07 (1.50–1.63) 1.50 ± 0.06 (1.44–1.56) 1.49 ± 0.08 (1.44–1.54) 1.99 ± 0.66 (1.38–2.34)

IL-10 (pg mL−1) 2.96 ± 1.32 (1.78–4.13) 3.22 ± 1.42 (2.23–4.22) 3.78 ± 1.43 (2.78–4.78) 4.24 ± 1.43 (3.13–5.36)

TNF-α (pg mL−1) 1.58 ± 0.29 (1.39–1.77) 1.43 ± 0.29 (1.24–1.61) 1.61 ± 0.28 (1.44–1.79) 1.77 ± 0.51 (1.31–2.22)

CK (i.u./L) 97.30 ± 58.32 (51.68–142.92) 107.66 ± 51.22 (69.58–145.74) 82.22 ± 37.17 (57.26–107.17) 79.27 ± 47.93 (47.86–110.68)

LDH 64.12 ± 20.65 (47.91–80.37) 81.17 ± 22.90 (62.51–99.83) 82.34 ± 14.05 (72.36–92.33) 84.79 ± 11.66 (67.18–102.40)

Ratio IL-10/TNF-α 2.07 ± 0.45 (1.10–3.04) 2.44 ± 0.43 (1.50–3.37) 2.54 ± 0.36 (1.77–3.31) 2.54 ± 0.32 (1.85–3.23)

Ratio TNF-α/IL-10 0.572 ± 0.067 (0.428–0.717) 0.504 ± 0.068 (0.356–0.651) 0.459 ± 0.061 (0.327–0.591) 0.433 ± 0.068 (0.286–0.580)

aP< 0.05 to pre in the same group
bP< 0.05 to post in the same group
cP< 0.05 to 24 h in the same group

Fig 4 Percentage change from
baseline (% change from pre) for
creatine kinase (CK) and lactate
dehydrogenase (LDH) measured
in both groups at baseline and
immediately, 24 and 48 h after the
final LLLT intervention. a
P< 0.05 compared to pre in the
same group. Error bars represent
standard error of the mean
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penetration (∼1 cm) and transmit light energy only to the
epidermal and dermal tissue layers [18].

Prevention of muscle damage and inflammatory reaction
are important issues during training periods and after compet-
itive events, since they are associated with loss of function and
underperformance. Inflammatory cytokines seem to play

important roles in attracting inflammatory cells into skeletal
muscle leading to additional muscle damage and sustained
loss of performance [12, 13]. In the present study, markers
of muscle damage (LDH and CK activity) were not signifi-
cantly elevated after 1 week of training in either group, indi-
cating that the athletes did not experience extensive muscle
damage from their typical training schedule. The training load
outcome measured daily was high (session-RPE average of
around 1050 arbitrary units per day) mainly due to the high
time expended in each training session (i.e., ∼3–4 h).
Nevertheless, when percentage changes in CK activity were
observed over time after the final training session, it was ob-
served that immediate and late muscle damage seemed to be
partially avoided in the laser group. This is in agreement with
other authors who reported that both laser and LED therapies
were able to reduce exercise-induced release of CK [22, 23,
37, 38]. The increase in IL-1β and TNF-α levels at 48 h
suggests that some degree of inflammation may develop after
ending laser treatment even in the absence of signs of muscle
damage, such as biochemical markers or loss of function.

Increased inflammatory reactions in response to increasing
training loads have been reported by some authors in handball
and cycling athletes [10] while others did not find any signif-
icant alterations in inflammatory mediators during preseason
training in sports teams [1, 3, 39]. IL-1β and TNF-α are the
most important inflammatory cytokines, specifically in the
early phases of the inflammatory process, and increased cir-
culating levels can be observed in some athletes after intense
or high volume exercises, such as reported during official
competitions [9, 40].

High-intensity eccentric contractions may damage muscle
fibers and connective tissue (i.e., perimysium and
endomysium) and trigger an inflammatory response highlight-
ed by muscle and leukocyte release of IL-1β and TNF-α [12,
13]. These cytokines can activate inflammatory cells such as
neutrophils and macrophages producing secondary muscle
damage due to overproduction of free radicals up to 7 days
after the exercise [41, 42]. In experimental studies, TNF-α
was associated with pain, recruitment of neutrophils, and ox-
idative stress in response to a protocol of exercise-induced
muscle damage [41]. Delayed muscle damage was also asso-
ciated with increased levels of IL-1β and leukocyte recruit-
ment starting immediately after high training loads or
prolonged running, peaking after 24 h and continuing for up
to 7 days post-exercise [11, 13, 42]. However, well-trained
team athletes did not experience increased resting levels of
inflammatory cytokines under their typical training programs
[1, 3, 39], only when high loads were imposed during com-
petitive events [9, 40]. On the other hand, IL-10 is a classic
anti-inflammatory cytokine produced in order to down mod-
ulate the inflammatory response, especially TNF-α produc-
tion, and protect host tissues from inflammatory injury [43].
Typically, IL-10 circulating levels rise with cumulative

Fig 5 Percentage change from baseline (% change from pre) for
interleukin 1 beta (IL-1β), interleukin 10 (IL-10), and tumor necrosis
factor alpha (TNF-α), measured in both groups at baseline and
immediately, 24 and 48 h after the final LLLT intervention. a P< 0.05
to pre in the same group; b P< 0.05 to post in the same group; c P< 0.05
to 24 h in the same group. Error bars represent standard error of the mean
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increased training loads and immediately after high-intensity
efforts [5]. In the present study, no significant changes in IL-
10 were observed immediately after exercise, suggesting that
small or non-significant muscle damage (and acute secretion
of inflammatory mediators) may have occurred. However, the
percentage of changes in IL-10 concentration at 24 and 48 h
suggest the occurrence of a delayed anti-inflammatory re-
sponse in the placebo group, which may partially explain the
lack of increase in TNF-α levels.

One of the mechanisms underlying prevention of induced
muscle damage by phototherapy may be its anti-inflammatory
effects. Experimental models have demonstrated that photo-
therapy can decrease IL-1β expression during repair of in-
jured skeletal muscle [17], decrease IL-1β and TNF-α release
after a high-load resistance training program and inhibit in-
flammatory cell migration into skeletal muscle after intense
exercise [44]. In human studies, phototherapy reduced muscle
damage markers (CK and LDH activity) [36, 38], delayed
onset muscle soreness [21], pain threshold [21], and inflam-
matory mediators (i.e., PCR) after an intense bout of exercise
[22, 23]. The results of the present study are in agreement with
other studies that reported increased levels of CK immediately
after a bout of intense exercise, but there was a faster clearance
of CK levels during recovery in individuals who received
phototherapy [22, 23, 37]. Surprisingly, the anti-
inflammatory effects of laser irradiation seemed not to be ef-
fective in blunting the delayed inflammatory reaction over the
time-course of recovery (24 and 48 h) although it may blunt
the IL-10/TNF-α ratio.

In addition, increased activity of the cytochrome c oxidase
enzyme has been reported after irradiation with red and near-
infrared lights [25, 45], which can lead to “extra” adenosine
triphosphate synthesis, explaining the cumulative effect of
LLLT in 30-CJ (Fig. 3 and Table 4) and other cellular effects.
In addition, the increased activity of the cytochrome c oxidase
has been considered the key factor to explain how LLLT can
enhance performance and protect skeletal muscles against fa-
tigue development and tissue damage [25, 45]. The measure-
ment of inflammatory mediators and muscle damage markers
in blood serum and not in muscular tissuemay be considered a

limitation of the study, since the local effect of LLLT interven-
tion on muscle may not be detected in blood. Furthermore, the
small area covered by the single-diode LLLT can also be con-
sidered a limitation, whereas the use of multi-diode (i.e., clus-
ter) therapy seems to be more effective [46] and cover a wider
muscular area. However, we tried to reduce this influence by
increasing the number of irradiated points in each leg (i.e.,
eight points per leg), but only for muscles engaged in eggbeat-
er kicks.

In summary, our results show that low-level laser therapy
intervention resulted in non-significant, but small to moderate
effects on inflammatory and muscle damage markers, mainly
in CK, IL-10, and TNF-α and moderate effects on perfor-
mance in water polo players. In addition, the lack of positive
results could be due to the small area covered by irradiation
and, therefore, a multi-diode laser and additional muscle
groups such as the upper limbs should be considered in future
studies.
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