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RELEVANCIA PARA BIOENGENHARIA

O presente estudo se enquadra na area de concentragdo de
FOTOBIOMODULACAO, BIOMARCADORES E SISTEMAS DIAGNOSTICOS, na
linha de pesquisa: BIOFOTONICA APLICADA, dentro do projeto de pesquisa:
INFLUENCIA DA TERAPIA COM LASER DE BAIXA POTENCIA NA FISIOLOGIA
MUSCULAR. Este estudo visa a aplicagdo de uma terapia nao invasiva, que faz o uso
da luz, associada a atividade fisica orientada (treinamento especifico) com o intuito de
contribuir para o ganho de forga muscular em paratletas com lesdo medular

praticantes de natagao paralimpica.
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RESUMO

A fotobiomodulagéo (PBM — do inglés Photobiomodulation) usa a luz, geralmente
de um laser ou LED, para estimular, curar e/ou regenerar tecidos danificados.
Recentemente, ela tem sido usada para aumentar o desempenho esportivo em
atletas. O objetivo deste estudo foi demonstrar os efeitos da PBM na funcéo
cardiorrespiratoria e no desempenho da natacido em paratletas. Dez paratletas
jovens adultos, homens e mulheres, nadadores da equipe da AACD, Sao Paulo
- Brasil, foram testados antes e depois da PBM aplicada na musculatura superior.
Eles tém diagndstico de paralisia cerebral, mielomeningocele e malformacao
congénita. Antes do teste, realizaram um aquecimento de natagdo de 10 min em
uma piscina de 50 m. Descansaram por 1 min e a frequéncia cardiaca foi
registrada. Os paratletas realizaram 3 sessdes de nado, no estilo livre, com
esforgo maximo, com intervalo de 5 min entre cada série e o tempo médio de
performance foi registrado. Apés um periodo de recuperagdo de uma semana,
0s musculos superiores: biceps, deltdide e trapézio foram irradiados,
bilateralmente, por 10 min, com um conjunto de LEDs, cada area recebendo 108
J. Apés cada 50 m de nado, foram registrados o tempo de performance, o pico
da frequéncia cardiaca e sua recuperacado apds 1 min. As comparagdes foram
feitas antes, apods a irradiacdo com PBM e apds placebo, em um desenho
cruzado. Todos os paratletas melhoraram o tempo no nado de 50 m. Em média,
o tempo diminuiu cerca de 4 s ap6s a PBM e cerca de 1,5 s apds o placebo. O
pico de batimentos cardiacos foi 10% menor apds a irradiacdo, quando
comparado ao nao irradiado do placebo. Também a frequéncia cardiaca de
recuperacéao foi melhor para todos os paratletas. Os resultados sugerem que um
regime de pré-condicionamento muscular, usando PBM com LED ou laser
infravermelho de baixa poténcia, antes de exercicios intensos pode modular a
funcédo da musculatura superior e a recuperac¢ao da frequéncia cardiaca, levando

a um melhor desempenho da natagdo em paratletas adultos jovens.

Palavras chave: - Fotobiomodulagdo (PBM), LED, Desempenho esportivo,
Performance musculo-esquelética, Paratletas.



ABSTRACT

Photobiomodulation (PBM) uses light, usually from a laser or LED, to stimulate,
heal and / or regenerate damaged tissues. Recently, it has been used to increase
sports performance in athletes. The aim of this study was to demonstrate the
effects of PBM on cardiorespiratory function and swimming performance in
parathletes. Ten young adult parathletes, men and women, swimmers of the
AACD team, Sao Paulo - Brazil, were tested before and after the PBM applied to
the upper musculature. They are diagnosed with cerebral palsy,
myelomeningocele and congenital malformation. Before the test, they performed
a 10 min swim warm-up in a 50 m pool. They rested for 1 min and their heart rate
was recorded. Parathletes performed 3 swimming sessions, in freestyle, with
maximum effort, with an interval of 5 min between each series and the average
performance time was recorded. After a recovery period of one week, the upper
muscles: biceps, deltoid and trapezius were irradiated, bilaterally, for 10 min, with
a set of LEDs, each area receiving 108 J. After every 50 m of swimming,
performance time, peak heart rate and recovery after 1 min were recorded.
Comparisons were made before, after irradiation with PBM and after placebo, in
a crossover design. All the parathletes improved the time in the 50 m swim. On
average, the time decreased about 4 s after PBM and about 1.5 s after placebo.
The peak heart rate was 10% lower after irradiation, when compared to non-
irradiated placebo. The recovery heart rate was also better for all athletes. The
results suggest that a muscle preconditioning regime, using PBM with low-power
infrared laser, before intense exercise can modulate the function of the upper
musculature and the recovery of heart rate, leading to a better swimming
performance in young adult parathletes.

Keywords: - Photobiomodulation (PBM), LED, Sports performance,
Musculoskeletal performance, Parathletes.
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1. INTRODUGAO

O termo Paralisia Cerebral (PC) designa uma sequela de carater ndo progressivo
que acomete o sistema nervoso central, com excecdo da medula espinal,
ocasionando déficits posturais, ténicos e na execugcdo dos movimentos [1].
Caracterizada, primariamente, por disturbios da motricidade ela pode,
eventualmente, apresentar outros disturbios associados (cogni¢ao, fala, visao,
audicao, psiquismo, sensibilidade, etc...) [2].

A literatura reporta a importancia do esporte para a PCD (pessoa com
deficiéncia) do ponto de vista fisico e psicoldgico [2,3,4].

A natagao, considerada a rainha das modalidades esportivas, € um dos
esportes mais apropriados para individuos com algum tipo de deficiéncia fisica,
devido aos beneficios e as facilidades proporcionados pela execugdo de
movimentos com o corpo imerso na agua. Ela desenvolve coordenacgéao,
condicionamento aerébio e reduz a espasticidade. Além disso, traz grandes
contribuigdes para o processo de reabilitagdo e pode reduzir o grau de fraqueza
e de complicagdes [5]. Com a pratica da natagdo ocorre uma melhor irrigacéo
sanguinea na musculatura e no aparelho locomotor, a contragao e o relaxamento
muscular geram estimulos necessarios ao desenvolvimento da musculatura e
consequentemente na postura corporal, o organismo comeg¢a a se adaptar
melhor aos esforgos, pois ha um fortalecimento e aumento do miocardio, logo a
frequéncia cardiaca diminui, a capacidade de transporte de oxigénio aumenta, o
esforgo cardiaco reduz e os vasos sanguineos ficam mais elasticos [6].

No Esporte Paralimpico, cada modalidade tem um sistema proprio de
classificagao funcional do atleta. Este sistema tem por fungéo distribuir os atletas
por nivel de capacidade fisica e atlética e, com isso, garantir a isonomia
funcional, nos confrontos diretos.

Na Natacao o sistema é desenvolvido por meio de trés avaliacbes: Teste
Clinico (realizado fora d'agua), envolve avaliagdo funcional por meio de testes
de forga muscular, amplitude de movimento articular, medicdo de membros e
coordenacdo motora; Teste técnico (realizado dentro d'agua), consiste na
demonstragdo da prova em si, com o atleta apresentando suas habilidades de

nado e demonstrando as adaptagdes e ajustes necessarios para o deslocamento
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e Teste de Observagao durante a competi¢cao, visando confirmar o resultado dos
testes realizados nas etapas anteriores [7].

A terapia de fotobiomodulag¢ao (do inglés — photobiomodulation - PBM) é
uma forma de terapia que utiliza fontes de luz n&o ionizantes, incluindo lasers,
LEDs e luz de banda larga, na area visivel e infravermelho do espectro. Trata-se
de um processo n&o térmico que envolve cromoéforos celulares enddgenos
capazes de absorverem a luz e desencadearem eventos fotofisicos e
fotoquimicos em diferentes escalas biolégicas. Esse processo promove
resultados terapéuticos benéficos, incluindo, entre outros, o alivio da dor,
reducdo dos processos infecciosos, a imunomodulacdo e promog¢ao da
cicatrizagao de feridas e a regeneracao de tecidos [8].

A literatura reporta que a PBM pode aumentar o desempenho esportivo
em atletas. Quando a luz é entregue aos musculos antes do exercicio, ela pode
atuar no pré-condicionamento da musculatura e melhorando a fungdo. A PBM
pode ser aplicada nos musculos antes do exercicio, para a obtencdo de melhor
desempenho, durante exercicios intensos. Essa terapia pode estimular o
metabolismo mitocondrial, promovendo um suprimento de energia mais alto nas
células e, consequentemente, melhorando a fungao das células dos musculos
esqueléticos [9,10].

Sendo assim, neste contexto, o uso da PBM associada a exercicios fisicos
especificos (treinamento regular), parece ser um método inovador, seguro e n&o
invasivo que desencadeia fungdes celulares benéficas em multiplos tecidos,

incluindo os musculos esqueléticos.
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2. HIPOTESE

A hipétese deste estudo € que a associagcao da PBM a atividade fisica orientada
(treinamento especifico) tem efeitos positivos na performance muscular e

cardiorrespiratéria de atletas praticantes de natagéo paralimpica.
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3. OBJETIVOS

Objetivo Geral

Este estudo teve por objetivo avaliar os efeitos da PBM, associada a atividade
fisica orientada no aumento do desempenho muscular, na funcao cardiovascular

e na reducao do tempo de recuperacdo em paratletas de natagao paralimpica.

Objetivos especificos:

e Aferir a performance esportiva de paratletas submetidos a PBM e ao
tratamento placebo;

e Avaliar, por eletromiografia, os efeitos da PBM na fun¢gdo muscular;

e Avaliar a frequéncia cardiaca pico e de recuperacdo apos 1 min de
paratletas de natacdo submetidos a PBM e ao tratamento placebo.
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4. ARTIGO

Introduction

Photobiomodulation (PBM), also known as laser or LED therapy, using visible or
near-infrared light have been applied in health area to promote tissue healing,
reduce pain and modulate inflammatory process[1][2].

The exactly PBM mechanism is still not entirely well known, but light can stimulate
mitochondrial metabolism promoting a higher production of ATP and increased
energy supply in cells, this mechanism explain faster wound healing, bone

remodeling and tissue repair[3] [4].

In sport and physiotherapy, PBM is indicated to treat various diseases, such as
muscular injuries and osteoarthritis[5]. More recently PBM have been used to
improve muscle recovery after intense exercise[6], showing better results than
conventional methods[7][8][9][10].

PBM have also been used to promote better performance when applied to
muscles immediately before intense exercise. Promising results have been found
in different sports[10][11][12][13]. Usually studies evaluated “normal” athletes,
presenting no muscular weakness. However, this paper evaluates the effects of
PBM on upper muscles in swimmers parathletes.

Materials and methods

Protocol was approved by the Ethical Committee of Universidade Brasil (n°

3.596.195) and all subjects signed an informed consent.

This study is a randomized, double-blinded, placebo controlled and a crossover
trial. Ten parathletes from AACD competitive swimming team, who had been
competing on official championships, were selected. The study was conducted in
an official Olympic swimming pool at Brazilian Paralympic Center.

Evaluation was in a time interval of 3 weeks between the first and last

intervention.



17

Parathletes presenting healthy without any type of skeletal muscle disorder, or
neurological, metabolic, respiratory or cardiovascular disease, attested by a
physician and who have been participating in a training program for more than 1
year, were enrolled in this study.

Parathletes that have used any pharmacological agents and/or nutritional
supplements and did not participated with a minimum frequency of 80% of the
team training sessions, those who had musculoskeletal injury or have their
training routine changed during the study were excluded.

Initially, all the parathletes performed an exercise test and them time, peak and
recovery heart rate (PHR and HRR) was measured, in order to assess the cardio-
respiratory fitness and swimming speed. For that, they performed three 50 m
free-style swimming at his maximal speed with an interval of 5 min among them.
The swimming time and heartrates (before and after the exercise), and the
subsequent heartrate (1 min thereafter) were recorded each time. To record time
and heartrate, a sport smartwatch (Forerunner 935, Garmin, USA) and a

heartrate monitor (HRM tri Garmin USA) was used.

At second week, half of the parathletes received PBM and another half placebo
irradiation, and test was repeated as previously described. Thereafter,
parathletes that had PBM on the previous week got placebo irradiation and vice

versa at 3" week.

PBM was performed using 2 equipment of continuous-wave LED array (Sportllux,
Sao Paulo, Brazil), with a total of 36 LEDs (18 emitting at 660 nm and 18 emitting
at 850 nm + 20 nm) homogeneous positioned in an area of 120 cm?, output power
of 5 mW each LED, resulting in 3 J per diode, 108 J total energy of irradiation and
an approximately energy density of 1J/cm? per muscle. Three musculatures were
chosen to receive the irradiation: the area over the biceps, deltoid and trapezium
muscle. Irradiation was performed bilaterally with total time of 10 min. LED output

power was measured prior to irradiation using a calibrated detector

(LaserCheck®, Coherent). For placebo, the LED’s arrays were covered with a
black cardboard, therefore the parathlete still hear the beep sound during the
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“fake” irradiation. Furthermore, since the device did not produce heat, the

parathletes were not able to know if PBM or placebo irradiation was administered.

Also, muscular activity was evaluated using a portable EMG device (Cricket —
Somaxis, USA). Electrodes were positioned bilaterally recording surface
EMG[14], in a rest position and during 20 seconds of arms adduction/abduction
holding a 0.5kg dumbbell.

For the statistical analysis, mean and standard deviation of each test was
calculated. Data normality was determined using the Shapiro-Wilk test. To
statistically evaluate time of swimming test, initial, peak and recovery heartrate
one-way analysis of variance test followed by the Tukey test were used.

Results

PBM significantly increased (p<0.05) 50 m swimming performance when
compared to placebo, in average 3,85 s or around 1.25% (p<0.05) respectively
in absolute and percentage values. Furthermore, placebo irradiation did not show

significant reduction in swimming time when compared to baseline (Figure 1).
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Figure 1: Means and standard deviation of the difference
in time for 50 m swimming in seconds



19

Cardiorespiratory fitness measured by heart rate peak and recovery presented
similar results, with an improvement after PBM compared to baseline and also
with significant improvement after PBM comparing to placebo irradiation (Figures
2 and 3).
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Figure 2: Means and standard deviation of Initial, peak and recovery heart rate
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Figure 3: Means and standard deviation of the difference in heart rate.



20

Figure 4 shows muscular activity also improved after PBM, peak EMG values and

area under the curve during 20 s of arms adduction/abduction exercise (p<0.05).

Area under the curve

EMG Peak
£
600- * 1x106- |_|
| 8x105- T
400
o 6x105
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0 0

T T
No Light LED No Light LED

Figure 4: Means and standard deviation of the peak EMG and area under the curve during 20s

exercise, between no light and LED irradiation.

Discussion

Swim parathletes from the same team were recruited and finished all the
procedures of this study. During the irradiation, none of the parathletes report any
discomfort or heating sensation, and no adverse effects were reported during the

study.

This study evaluated for the very first time the effects of PBM (using LED array)
on 50 m sprint test cardiorespiratory endurance and muscular activity of young
swim parathletes. Results shows that PBM applied before swimming exercise is
effective in improving functional and athletic performance, similar results was
reported by Tomazoni et al[11] studying PBM effects on high-level soccer

players.

Differently to previous study in sport performance, investigating the effects of
PBM with LED or Laser irradiation in an endurance test in healthy
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individuals[11][10][12][15], our study evaluated the effects of PBM on muscular
performance of parathletes, some of them diagnosticated with
myelomeningocele, cerebral palsy and congenic malformation. These
syndromes usually compromise muscle strength and PBM may had more effect
in these cases than in high-level athletes. The EMG results present a significant

improvement in peak and during 20s exercise.

Our results show that PBM was able to increase swimming performance in young
parathletes and to the best of our knowledge, our study is the first to investigate
PBM effects on athletes with disabilities. However, our result showed similar
effect of PBM than previous reported in athletes or regular volunteers in different
sport modalities, such as volleyball, rugby, running or soccer[10][11].

Studying the optimal power output for muscle performance, De Oliveira et al.[16]
found that 100mW, 10J per diodo and 300J per muscle had better effects, also
De Marchi et al.[17] using 180J per muscle found similar results. However, in this
study an energy of 108J (3J per diode) was used, since on contrary of the above
studies, a LED array covering musculature was applied, instead of a laser cluster
with a restrict spot size. On the other hand, LED usually have a lower power

output, requiring longer irradiation time.

In conclusion, Photobiomodulation with LED array applied before exercise with
1084, significantly increases performance, cardiorespiratory function and
muscular activity in swim parathletes, improving sprint time, muscular strength
and cardiovascular function. However, more studies with a higher number of

individuals should be performed.
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5. Conclusao

A fotobiomodulagdo com matriz de LED, emitindo 108J, aplicada
antes do exercicio, aumenta significativamente o desempenho, a
funcdo cardiorrespiratoria e a atividade muscular em paratletas de
natacdo, melhorando o tempo de execugdo do nado, a forca
muscular e a funcdo cardiovascular. No entanto, mais estudos com
um numero maior de individuos devem ser realizados, para

corroborar estes resultados.
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