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RESUMO 

Introdução: A lesão medular é uma condição devastadora com repercussões 

físicas, emocionais, psicológicas, sociais e financeiras para os indivíduos 

afetados e suas famílias. Este tipo de lesão impede o desempenho de 

atividades funcionais devido à interrupção parcial ou total das vias motoras 

sensoriais e descendentes e ascendentes. A fotobiomodulação é um 

tratamento não invasivo amplamente utilizado em neurotrauma e doenças 

neurodegenerativas. No presente estudo, a fotobiomodulação foi administrada 

na medula espinhal lesada com objetivo de investigar as respostas sensório-

motoras e as percepções dos pacientes após o tratamento.  Métodos: Os 25 

voluntários foram alocados aleatoriamente no grupo controle-placebo mais 

fisioterapia ou grupo fotobiomodulação mais fisioterapia. A fotobiomodulação 

foi realizada três vezes por semana com um total de 12 sessões. Foi utilizado o 

comprimento de onda de 810 nm, 5 pontos sendo 25 J por ponto, exatamente 

sobre a região da medula onde foi lesada, potencia radiante 120 mW, 208 

segundos por ponto, exposição radiante 983 J/cm². Todos os indivíduos foram 

avaliados utilizando a escala ASIA, a entrevista de percepção sensorial e 

eletromiografia para avaliar a resposta motora antes, imediatamente após e 30 

dias após a fotobiomodulação. O grupo controle-placebo foi submetido à 

fotobiomodulação simulada, ou seja, sem emissão da radiação. Os dados 

foram analisados estatisticamente, com um α <0,05 considerado indicativo de 

significância estatística. Resultados: Foram relatados 13 tipos de alterações 

sensório-motoras, com uma diferença significativa entre os grupos em relação 

aos esboços de contrações. Na análise intragrupo, no grupo fotobiomodulação, 

foram encontradas diferenças estatisticamente significantes entre as avaliações 

sensoriais pré-intervenção e pós imediata, bem como, entre avaliações 

sensoriais após intervenção imediata e 30 dias após a fotobiomodulação. Não 

foram encontradas diferenças significativas no grupo controle em quaisquer 

uns dos tempos avaliados. Na análise intragrupo, no grupo fotobiomodulação, 

os valores de freqüência mediana do bíceps braquial e do quadríceps femoral 

foram maiores em repouso e durante a contração isotônica 30 dias após a 

fotobiomodulação. Conclusão: No presente estudo, a fototerapia foi efetiva na 

promoção de uma resposta motora e sensorial em indivíduos com lesões da 

medula espinhal, sendo assim, os resultados sugerem que a fotobiomodulação 

pode ser uma abordagem promissora para o tratamento de alterações 

sensório-motoras em pacientes com lesões da medula espinhal.  

 

Palavras-chave: Lesão Medular, Fototerapia, Fotobiomodulação, Limiares 

sensoriais, Privação sensorial, Eletromiografia 

 



ABSTRACT 

Background: Spinal injury is a devastating condition with physical, emotional, 

psychological, social and financial repercussions for affected individuals and 

their families. This type of injury impedes the performance of functional activities 

due to the partial or complete interruption of ascending sensory and descending 

motor pathways. Photobiomodulation is a noninvasive treatment that has been 

widely used in neurotrauma and neurodegenerative diseases. In the present 

study, low-level laser therapy was administered in cases of spinal cord injury to 

investigate the sensory responses and perceptions of patients. The aim of the 

present study was to investigate the sensory and motor response and 

perception of the patients with spinal cord injuries submitted to 

photobiomodulation therapy. Methods/Design: The 25 volunteers were 

randomly allocated in the control group-placebo more physical therapy or group 

photobiomodulation more physical therapy. Photobiomodulation was performed 

three times per week for a total of 12 sessions. A wavelength of 810 nm was 

used, 5 points being 25 J per point, exactly on the region of the cord where it 

was injured, radiant power, 120 mW, 208 seconds per point and Radiant 

Exposure  983 J/cm2. All individuals were evaluated using the ASIA scale, a 

sensory perception questionnaire and electromyography to assess the motor 

response before, immediately after and 30 days after photobiomodulation. The 

control group-placebo was subjected to photobiomodulation simulated, that is, 

without emission of radiation. The data were analyzed statistically, with α < 0.05 

considered indicative of statistical significance. Results: Thirteen types of 

sensorimotor changes were reported, with a significant difference between 

groups in relation to "trait contractions." In the intragroup analysis of the 

photobiomodulation group, statistically significant differences were found 

between the pre-intervention and immediate post-sensory sensory evaluations, 

as well as between sensory evaluations after immediate intervention and 30 

days after photobiomodulation. No significant differences were found in the 

control group between any of the evaluation times. In the intra-group analysis of 

the laser group, median frequency values of the brachial biceps and femoral 

quadriceps muscles were higher at rest and during isotonic contraction 30 days 

after photobiomodulation. Conclusion: In the present study, phototherapy was 

effective in promoting a motor and sensory response in individuals with spinal 

cord injuries, so the results suggest that photobiomodulation may be a 

promising approach for the treatment of sensorimotor changes in patients with 

lesions of the spinal cord. 

 

Keywords: Spinal Cord Injury, Phototherapy, Photobiomodulation, Sensory 

Thresholds, Sensory Deprivation, Electromyography 
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PREFÁCIO 

 Nesta tese de doutorado foi estudado o uso da fotobiomodulação na 

reabilitação de lesados medulares associado à fisioterapia.  

 Iniciou-se, após exaustiva revisão bibliográfica, com uma 

contextualização sobre lesão medular, desde a anatomia até as mais 

frequentes injúrias, o público mais acometido e os métodos padronizados de 

avaliação. Após foi relatado o uso da fotobiomodulação no tratamento de 

algumas doenças, porém não foram encontrados artigos que avaliaram 

especificamente a eficácia da fotobiomodulação em indivíduos lesados 

medulares incompletos associado à fisioterapia, o que caracteriza o caráter 

pioneiro do nosso estudo. 

 Os resultados foram demonstrados na forma de três artigos, sendo: 

Evaluation of sensory-motor response to photobiomodulation for the treatment 

of spinal injuries - study protocol for a randomized controlled Trial (submetido 

na TRIALS); Photobiomodulation improves motor response in patients with 

spinal cord injury submitted to electromyographic evaluation - randomized 

clinical trial (publicado na Lasers in Medical Science); Sensory responses and 

perceptions following photobiomodulation administered to patients with 

incomplete spinal cord injury (Submetido na BMC Neurology). 
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1. Contextualização 

1.1. Medula Espinal 

O sistema nervoso central (SNC) é formado pela medula espinal, o 

encéfalo, tronco encefálico e cerebelo, sendo que estes últimos estão 

localizados no interior do crânio, protegidos por ossos, meninges e líquido 

cefalorraquidiano ou líquido cerebrospinal. A medula espinal está alojada no 

interior da coluna vertebral, mas possui o mesmo aparato de proteção das 

demais estruturas do SNC. A medula não se estende por toda coluna, tem 

início no canal vertebral no nível do osso occipital, na base do crânio e percorre 

a coluna até a primeira (L1) ou segunda vértebra lombar (L2)1. 

Macroscopicamente, a medula espinal é uma estrutura tubular de tecido 

nervoso, com cerca de 43 cm de comprimento e com diâmetro comparável ao 

dedo polegar. Durante sua extensão existem assimetrias ou dilatações, as 

chamadas de intumescência. Neste local, encontra-se a maior concentração de 

tecido nervoso ou de neurônios e a saída dos plexos braquial e lombos sacral 

que seguem inervando membros superiores, inferiores e alguns órgãos 

internos, respectivamente. Da medula, emergem 31 pares de nervos espinais, 

sendo 8 de origem cervical, 12 torácicos, 5 lombares, 5 sacrais e apenas 1 

coccígeo1,2.  

 São constituídos por células nervosas (neurônios) e por longas fibras 

nervosas chamadas axônios, que são prolongamentos dos neurônios e formam 

as vias espinais. As vias descendentes conduzem sinais gerados no cérebro, 

relacionado com o movimento e o controle visceral (sistema nervoso 

autônomo). As vias ascendentes conduzem sinais relacionados com a 

sensibilidade, que são gerados na periferia e são levados para o cérebro. Os 

neurônios estão localizados na parte mais central da medula, na substancia 

cinzenta medular, o qual tem a forma de uma borboleta. Os neurônios 

localizados nas porções mais posteriores são relacionados com a sensibilidade 

e os localizados nas porções anteriores, neurônios motores inferiores, estão 

relacionados com o movimento3. 

 A medula espinal (ME) é uma estrutura complexa, conforme mostrado 

em seu corte transversal (figura 1), dividida em quatro porções: cervical, 
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torácica, lombar e sacral. Os segmentos da medula cervical são oito (C1 a C8) 

e controlam a sensibilidade e movimento da região cervical e dos membros 

superiores. Os segmentos torácicos (T1 a T12) controlam o tórax, abdome e 

parte dos membros superiores. Os segmentos lombares (L1 a L5) estão 

relacionados com movimentos e sensibilidade dos membros inferiores. Os 

sacrais (S1 a S5) controlam parte dos membros inferiores, sensibilidade da 

região genital e funcionamento da bexiga e intestino4. Ocupa o nível mais 

inferior na hierarquia do sistema motor, sendo responsável pelos movimentos 

reflexos e rítmicos5.  

 Inúmeras atividades subconscientes dependem dos reflexos 

desencadeados pela ativação dos receptores sensitivos6.  A transmissão de um 

impulso nervoso através do axônio do neurônio é acelerada pela mielina, 

envoltório composto por gordura. A área mais clara, denominada substancia 

branca, é formada por neurônios mielinizados e a área mais escura, a 

substancia cinzenta, é formada pelo corpo celular e dendritos desmielinizados. 

 

Figura 1. Corte transversal da medula espinal  
Fonte - Adaptado de Machado, A.B.M. Neuroantomia Funiconal. Editora Atheneu. 2° 

Edição. 2003 
 

 Todos os sinais sensoriais, após entrarem na medula, seguem dois 

caminhos: primeiro, um ramo do nervo sensorial termina na substancia 

cinzenta da medula, originando reflexos segmentares locais e outros efeitos. 

Segundo, outro ramo transmite sinais para níveis mais elevados do sistema 

nervoso central, níveis esses localizados na própria medula, no tronco cerebral 

ou mesmo no córtex cerebral7. 
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1.2. Lesão Medular 

 

Os Estados Unidos da América possuem sistemáticos programas para 

notificação de incidência e prevalência de lesão medular (LM).  Segundo 

DeVivo8 após uma exaustiva consulta a bancos de dados americanos, como o 

NSCISC, conclui-se que o país tem o maior número de lesados  medulares  do  

mundo.  Acontecem aproximadamente 12.000 novos casos por ano, 

predominando as lesões cervicais incompletas.  O relatório anual da National 

Spinal Cord Injury Statistical Center9 aponta que, nos últimos seis anos, os 

acidentes automobilísticos, seguido por quedas e violência correspondem às 

principais causas de lesão medular traumática nos países pesquisados. E mais 

da metade da população acometida corresponde a adultos jovens e 

profissionalmente ativos durante o período da lesão. 

No Brasil, embora dados desta natureza ainda sejam subnotificados e 

não haja uma estatística precisa da incidência, prevalência e causas de LM, o 

Ministério da Saúde do Brasil afirma que ocorrem aproximadamente 6 a 8 mil 

novos casos de lesão medular ao ano e aponta também que mais da metade 

da população acometida corresponde a adultos jovens e profissionalmente 

ativos durante o período da lesão10. 

 Na ocorrência de uma lesão na ME, ocorre morte dos neurônios da 

medula e a quebra de comunicação entre os axônios oriundos do cérebro e 

suas conexões com os neurônios da medula, interrompendo assim, a 

comunicação com todas as partes do corpo que ficam abaixo da lesão5,11. Após 

a ocorrência da lesão é formada uma cavidade interna preenchida por uma 

substancia líquida e por diferentes células mortas e estruturas lesionadas, que 

mais tarde serão processadas pelo organismo (figura 2). Suas bordas são 

circundadas por cistos, formando uma espécie de cicatriz. Alguns axônios 

permaneceram intactos, com a camada de mielina totalmente preservada, 

continuando a conduzir todas as informações. Outros axônios, mesmo sem 

lesões, não serão capazes de conduzir as informações, pois as camadas de 

mielina foram destruídas. Os demais foram lesionados, provocando a 

interrupção das transmissões de comandos e sensações12.  
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Figura 2. Esquema da medula após lesão  
Fonte - Adaptado de Machado, A.B.M. Neuroantomia Funiconal. Editora Atheneu. 2° 

Edição. 2003 

 
A lesão traumática da medula pode variar de uma concussão medular 

leve até dormência transitória e tetraplegia permanente. Os locais mais comuns 

dessa lesão são no nível das vértebras cervicais, C5, C6 e C7 e no nível das 

vértebras torácicas e lombares, T12 e L113 Quando ocorre um trauma na 

coluna vertebral, ou seja, uma fratura, uma ou mais vértebras podem se 

deslocar, provocando uma compressão sobre a medula e/ou alguns fragmentos 

ósseos podem invadir o canal medular, de acordo com a figura 3 5. 

 

Figura 3. Deslocamento de vértebras devido à fratura  
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A gravidade do quadro depende do local acometido e do grau de 

destruição das vias medulares aferentes e eferentes; quanto mais alto o nível e 

maior a extensão da lesão, menor será a massa muscular disponível para a 

atividade física e, portanto, menores serão a aptidão física e a independência 

funcional14 

1.3. Classificação da Lesão Medular 

Até meados da década de 80 não havia uma padronização na avaliação 

e classificação de lesão medular. Mesmo com a existência de algumas escalas, 

nenhuma delas atendia plenamente a complexidade da avaliação da lesão 

medular. Com isso, o diálogo entre os profissionais, o acompanhamento 

longitudinal de indivíduos e a reprodutibilidade de dados não poderiam ser 

facilmente compreendidos. A partir disso, pesquisadores da American Spinal 

Injury Association (ASIA) e International Medical Society of Paraplegia (IMSOP) 

instituíram uma nova escala de avaliação, cujo nome estabelecido foi Standard 

Neurological Classification of Spinal Cord Injury ou simplesmente ASIA14,15. 

Desde sua concepção, a ASIA passou por algumas alterações, 

tornando-se o paradigma e mais completa alternativa de avaliação do 

prognóstico funcional da lesão medular, após aglutinar em uma mesma 

ferramenta escores motor e sensitivo. As funções sensitivas são avaliadas a 

partir do exame neurológico, que observa a sensibilidade superficial, por um 

objeto pontiagudo, como uma agulha e por um pequeno pedaço de algodão. 

Nesta fase, determina-se o nível sensitivo, representado pela altura mais 

caudal da medula espinhal com sensibilidade preservada em ambos os lados 

do corpo16.  

A avaliação sensorial acontece em uma região padrão para cada um dos 

31 pares de dermátomos17, que para Machado16 são territórios cutâneos 

inervados por fibras de uma única raiz dorsal, recebendo o mesmo nome da 

raiz que o inerva. O mapa da distribuição dos dermátomos pode ser consultado 

na íntegra no anexo 4.  As possibilidades de classificação da sensibilidade são: 

2 - normal 1 – hipoestesia e 0 – ausente. Portanto, na função sensitiva 

integralmente normal o índice sensitivo total na ASIA pode atingir 112 pontos18. 
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 Enquanto na avaliação motora 10 pares de músculos chave são 

utilizados para teste. Durante o procedimento, um examinador solicita que o 

indivíduo realize a contração muscular e assim movimente o membro 

examinado. Após isso, a contração realizada receberá uma pontuação, cuja 

graduação segue os requisitos da Medical Research Council Scale of Muscle 

Strengh, que varia de 0 a 5 na escala de força e cada número representa um 

desempenho na contração: 0 - ausência de movimento (paralisia), 1- não 

realizada movimento contra gravidade, 2 – realiza movimento em toda 

amplitude, com gravidade eliminada, 3 – realiza movimento contra gravidade, 4 

– realiza movimento contra alguma resistência, 5 – realiza movimento contra 

resistência total.18  Na função motora normal, o índice motor atingirá até 100 

pontos, pois os 10 pares de músculos são avaliados bilateralmente na ASIA. 

Nesta fase do exame, a unidade funcional investigada são os miótomos, 

representados pelo conjunto de fibras musculares inervadas por axônios 

motores de cada segmento medular. Com isso, se estabelece o nível motor, o 

segmento medular mais inferior em que músculos-chave apresentam grau 

força igual a 5 e músculos-chave dos segmentos superiores normais18. Com a 

avaliação dos escores motor e sensitivo, o indivíduo com lesão medular poderá 

ser classificado em cinco categorias: A, B, C, D, E, sendo que cada uma destas 

implica em diferentes condições clínica e funcional. Na classificação “A”, os 

indivíduos apresentam ausência das funções motora e sensitiva, além de um 

sinal restrito a esta classificação, a ausência de reflexo no segmento sacral S4 

- S5. A evidência deste último é obtida pelo reflexo bulbo cavernoso, através da 

pressão na glande do pênis e respectiva ausência de contração anal, 

confirmando uma lesão medular completa18. As demais classes da ASIA 

contemplam tipos de lesões incompletas (B, C, D) e o estado normal (E) (tabela 

1). Portanto, em “B” existe função sensitiva presente, preservação da do 

segmento sacral S4-S5, mas ausência função motora. Em “C” ambas as 

funções, motora e sensitiva estão presentes, mas os músculos avaliados 

abaixo da zona de lesão não realizam movimento contra a gravidade, ou seja, 

apresenta grau de força inferior ao escore 3. Enquanto em “D” além de 

preservação das funções motora e sensitiva, os músculos-chaves são capazes 

de realizar movimento contra gravidade e até mesmo contra resistência, por fim 
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o escore “E” corresponde ao individuo que não apresenta alteração sensitiva e 

motora de acordo com os itens da ASIA18.   

A LM pode ocorrer em diversas alturas e formas, por diversas causas. 

Conforme a altura na medula e gravidade da lesão será maior ou menor o 

comprometimento dos movimentos, sensibilidade, controles de esfíncteres, 

funcionamento dos órgãos, circulação sanguínea e controle de temperatura, 

pois além da lesão na medula, pode ocorrer também uma lesão ou alterações 

no sistema nervoso autônomo5.  

De acordo com o nível da lesão e da perda de funções, utiliza-se a 

seguinte classificação funcional: paraplegia e tetraplegia. A paraplegia refere-

se à deficiência ou perda da função motora e/ou sensorial nos segmentos 

torácico, lombar ou sacral da medula espinhal, decorrente de lesão dos 

elementos neurais internos do canal medular. A função dos membros 

superiores é preservada, mas o tronco, os membros inferiores e os órgãos 

pélvicos podem ficar comprometidos19.  

A tetraplegia é o termo usado para lesão da medula espinhal que causa 

perda ou disfunção sensitiva e/ou motora nos segmentos cervicais. Ela 

promove diminuição da função motora e sensitiva dos membros superiores, 

membros inferiores e órgãos pélvicos20.  

Por meio de exame sistematizado dos dermátomos e miótomos, pode-se 

determinar o segmento medular afetado pela LM. Este exame fornece vários 

indicadores do dano neurológico, por exemplo, nível neurológico, nível 

sensitivo e nível motor (nos lados direito e esquerdo, índice sensitivo (dor e tato 

fino), índice motor e zona de preservação parcial4.  
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Estes déficits advindos de uma LM são devido a dois eventos distintos: a 

lesão primária ou inicial que ocorre pelo trauma que comprime os elementos 

neurais, gerando morte celular independente dos mecanismos celulares; e a 

lesão secundária ou isquêmica que é provocada por alterações bioquímicas e 

uma cascata de eventos que envolvem processo inflamatório, citotóxico, 

degeneração do tecido neural e por fim a necrose tecidual resultando em 

lesões adicionais ao trauma21-23.  

Infelizmente, os neurônios lesionados no sistema nervoso central não 

conseguem se regenerar após LM, por isso a regeneração medular continua 

sendo um desafio para a neurociência e a neurologia24. 

Algum tempo após o choque medular, período em que não há nenhum 

tipo de reflexo ou movimento involuntário, alguns impulsos começam a surgir, 

provenientes de regiões medulares situadas abaixo da lesão, porém não 

danificadas. Como conseqüência, anomalias de movimento tendem a surgir e, 

de certa forma, tornam a vida funcional do indivíduo com lesão medular mais 

dificultosa. A espasticidade é uma destas anomalias.  

1.4. Fisioterapia na lesão medular 

Um dos desafios para os fisioterapeutas que trabalham com LM não é 

apenas a falta de evidência direta de alta qualidade, mas também a extensa 

escopo de prática. A fisioterapia durante a fase de reabilitação de lesados 

medulares se concentra em metas relacionadas a tarefas motoras, como 

andar, tocar cadeira de rodas e transferências usando os membros superiores. 

25  A definição de metas para a reabilitação de uma pessoa com LM está repleta 

de dificuldades , no entanto, os resultados indicaram que a capacidade de 

marcha em um ano é melhor prevista a partir de cinco variáveis coletadas 

dentro de 15 dias após a lesão: idade, força do quadríceps, força 

gastrocnêmica, leve sensação de toque em L3 e em S1).26 Consequentemente, 

fisioterapeutas que tratam pessoas com LM precisam ter habilidades clínicas 

diversas.27  

Uma revisão sistemática evidenciou que normalmente a fisioterapia em 

lesados medulares se baseia em diminuir dor e complicações respiratórias, 
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estimulação elétrica, formular programas de treinamento físico, encorajar 

pessoas com LM a adotar estilos de vida saudáveis, ensinar esportes 

adaptados, prescrever órteses, talas e auxiliares, prescrever cadeiras de rodas, 

aconselhar sobre estratégias para prevenir a dor no ombro e úlceras por 

pressão, além, de administrar intervenções eletroterapeuticas.27  

A maioria desses ensaios foram realizados nos últimos anos e focados 

em intervenções como treino de marcha com suspensão aérea, treino de 

marcha robótica, estimulação elétrica e outras intervenções de alta tecnologia e 

potencialmente onerosas. No entanto, a maioria dos fisioterapeutas ainda 

dedicam a maior parte do tempo para administrar intervenções simples 

comumente usadas para tratar deficiências como fraqueza, mobilidade articular 

limitada, restrição, condicionamento, dor e comprometimento respiratório, com 

o tempo também sendo dedicado a ensinar as pessoas a caminhar, mover-se 

sobre a cama, mobilizar em uma cadeira de rodas e use seus membros 

superiores. 28  

O outro desafio para os fisioterapeutas que trabalham nesta área é 

manter uma mente aberta sobre novas intervenções como terapia com células-

tronco e robótica. No entanto, novas intervenções não devem ser utilizadas 

com base em evidências de baixa qualidade, porque eles podem desperdiçar 

tempo, dinheiro, recursos e esforços dos pacientes, além de oferecerem  aos 

pacientes uma expectativa de recuperação irreal. 29 

Esta situação indica uma desconexão entre pesquisadores, prioridades e 

os tratamentos realizados nas clínicas de reabilitação. É importante frisar que 

não significa que os fisioterapeutas não estejam oferecendo reabilitação de alta 

qualidade aos seus pacientes,mas sim que os pesquisadores não estão 

testando tratamentos administrados nas clínicas.  

1.5. Terapia com Fotobiomodulação 

A fotobiomodulação (FBM) é um tratamento eficaz para feridas cutâneas 

e regeneração do nervo periférico30-33. Esta modulação na recuperação é 

atribuída a um mecanismo de absorção de luz34 ao invés de através da 

produção de calor33, 35,36. A FBM pode ser uma ferramenta útil e eficaz quando 
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utilizada para potencializar a reabilitação. Após a LM, a combinação com o 

transplante resultou em um aumento no brotamento axonal, diminuição da 

formação de cicatrizes e aumento do peso, e melhora na passada de cães e 

ratos em comparação ao transplante sozinho. Esses estudos indicam que FBM 

pode ter uma série de efeitos terapêuticos na LM, potencialmente diminuindo a 

resposta inflamatória no local da lesão da medula espinhal37-39.  

Uma séria complicação após a LM é a lesão secundária devido a 

invasão / ativação de células imunes40. Uma variedade de tipos de células 

invadem ou são ativadas dentro das primeiras horas até dias após a LM, 

incluindo neutrófilos, macrófagos, microglia, astrocitos e linfócitos T e B41-50 

Essas células são principalmente ativadas ou atraídas para a área da lesão por 

citocinas pró-inflamatórias e quimiocinas, expressadas nas primeiras horas 

após lesão51.  

Evidências recentes sugerem que a alteração da invasão / ativação 

destas células após a LM melhora a recuperação funcional. A pesquisa 

demonstrou que o esgotamento de macrófagos melhorou a locomoção, poupou 

a substância branca, preservou os axônios mielinizados, influenciou a brotação 

axonal e reduziu a cavitação52.  

No entanto, até essa data, nenhum estudo avaliou o rebrotamento 

axonal ou a recuperação de funções locomotoras específicas na medula 

espinal após lesão aguda e FBM em humanos. Na literatura foi encontrado o 

estudo de Byrnes et al.53, que investigaram os efeitos da fotobiomodulação  

dentro do sistema nervoso lesionado de ratos. Evidenciaram que a luz aplicada 

transcutaneamente no local da LM foi capaz de penetrar no nível da medula 

espinhal, melhorar significativamente a regeneração axonal e restaurar funções 

locomotoras específicas ao mesmo tempo em que alterou o sistema 

imunológico. 

Hashmi et al.54, estudaram o efeito da FBM na neuroreabilitação em 

diversas patologias neurológicas como Acidente Vascular Cerebral, 

Traumatismo Craniano, Doenças degenerativas do SNC, lesão medular e 

patologias nervosas periféricas. Segundo os autores a FBM ainda mantêm-se 

controversa devido à grande variedade dos parâmetros utilizados.   
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Rochkind et al.55, observaram que a irradiação no nervo periférico 

lesionado e no seu respectivo segmento espinhal promoveram regeneração do 

nervo periférico.  

Wu et al.56, observaram em dois tipos de lesão medular em ratos 

(contusão e hemisecção dorsal), que a FBM foi capaz de promover brotamento 

axonal e melhora funcional quando comparado ao grupo controle.  

Para que se obtenha a resposta biológica adequada é necessário atingir 

os parâmetros ideais de radiação, com o comprimento de onda correto e o 

número de aplicações suficientes para se produzir o efeito desejado. Portanto, 

no mínimo, os seguintes parâmetros devem ser observados: escolha do 

comprimento de onda, exposição radiante (dose ou fluência), irradiância, tipo 

de regime de operação do Laser e número de tratamento57. 

A terapia com fotobiomodulação tem se mostrado uma possível 

alternativa para o reparo da lesão em sistema nervoso central22, 

neovascularização e regeneração de nervos periféricos58. 

Interação luz-tecido 

Os efeitos da interação da luz com os tecidos são os mesmos existentes 

com outros tipos de radiações eletromagnéticas, tais como reflexão, refração, 

transmissão, dispersão e absorção. As diferenças dependem das 

características do tecido em questão, do ângulo de aplicação da radiação 

(ângulo de incidência) e do comprimento de onda59,60. 

Para se ter uma absorção máxima da radiação é necessária que a 

aplicação seja realizada em contato direto com o tecido, a um ângulo de 90º 

(ângulo reto). Dessa forma, teremos uma redução significativa da reflexão e da 

dispersão, tornando o tratamento mais eficaz, já que cerca de 5% a 7% da 

radiação incidente é refletida pela pele em casos de aplicações feitas em 

outros ângulos que não o reto60. 

Uma vez que a radiação penetra nos substratos subseqüentes (93% a 

97%), ela se dispersa através da reflexão interna, refração e divergência, 

sendo suas proporções dependentes do comprimento de onda e das 



25 

 

características do tecido. Desta forma, diz-se que o grau relativo de absorção e 

dispersão só depende do tipo de tecido através do qual a luz está passando, já 

que o laser, ao penetrar, perde rapidamente a sua coerência devido ao 

alargamento dos feixes, provocado pela grande variabilidade de índices de 

refração existentes nos componentes do tecido em questão60.  

Outro fator que interfere na penetração e absorção dos feixes incidentes 

pelos substratos é a especificidade das biomoléculas absorvedoras, as quais 

diferem uma das outras quanto ao seu espectro de absorção (comprimento de 

onda capaz de absorver)61.  

Ao se ter a absorção da luz com um determinado comprimento de onda 

pelas moléculas fotorreceptoras, estas adotam um estado excitado 

eletronicamente nos processos moleculares primários, desencadeando efeitos 

biológicos específicos em determinadas circunstancias61.  

Acredita-se que para se ter uma penetração tecidual ótima nos limites do 

infravermelho, esta tem que ocorrer entre os comprimentos de onda de 700 nm 

a 1200 nm, pois segundo Karu61, comprimentos de onda entre 810 nm a 840 

nm tem uma fraca absorção pelos cromóforos superficiais da pele, permitindo, 

assim, uma máxima penetração da luz. Alguns comprimentos de onda podem 

atingir uma profundidade maior caso haja um estímulo de respostas celulares 

capazes de desencadear reações em níveis teciduais mais profundos, 

aumentando desta forma a ação fotoquímica do laser. Com isso, pode-se 

atingir estruturas com até 5 cm de profundidade, possibilitando também a 

ocorrência de efeitos sistêmicos62.  

De acordo com Sandoval-Ortiz et al.62, a energia eletromagnética 

estimula os cromóforos os quais respondem a uma faixa de luz específica, 

determinando, assim, uma conversão de energia fotoquímica. Vale dizer que 

para participar do processo de fotobiomodulação o cromóforo necessita ser um 

dos componentes da cadeia respiratória mitocondrial, fazendo desta forma, 

parte de uma estrutura chave que controla a homeostase celular. As respostas 

possíveis de serem desencadeadas pela fotobiomodulação podem ser 

divididas em 2 grupos: efeitos a curto prazo ou diretos, onde os efeitos podem 
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ser observados poucos segundos ou minutos após a aplicação da radiação, e 

efeitos a longo prazo ou indiretos, que podem ser observados horas ou dias 

após o fim da radiação.63 Dentre os efeitos a curto prazo podemos destacar: 

Liberação de substancias pré-formadas, aumento da proliferação celular, 

presença de mitocôndrias gigantes e aumento do ATP mitocondrial. Em longo 

prazo os efeitos são antiinflamatório, analgésico e cicatrizante.   

1.6. Eletromiografia 

A eletromiografia (EMG) consiste no registro e estudo dos fenômenos 

biolétricos que acontecem na membrana da fibra muscular, estes podem 

acontecer durante o repouso, na atividade muscular submáxima ou na 

contração máxima64. A investigação eletromiográfica não se trata de algo 

simples, pois envolve a interface entre o sistema nervoso e 

musculoesquelético, composta por um motoneurônio motor que emerge da 

coluna anterior da medula espinhal e faz sinapse com fibra muscular, a junção 

neuromuscular65. A EMG extrai dados elétricos no processo de despolarização 

da placa motora membrana, ou seja, o potencial de ação de todas as fibras que 

compõem a unidade motora, que geralmente são medidos em milivolt (mV). 

Desta forma, a diferença de potencial (ddp) obtida na membrana da célula 

muscular tem duração variável de 2 a 10 ms, com amplitude de tensão entre 

100µV a 2mV. Apesar destes dados não representarem o potencial de ação da 

fibra muscular, fornecem informações clinicamente esclarecedoras acerca da 

condição fisiológica do músculo e são amplamente utilizados na investigação 

de diversas disfunções neuromusculares e contemplam diversas áreas do 

conhecimento, tais como: ciências desportivas, engenharia, fisioterapia, 

medicina, neurologia e psicologia66,67.  

A EMG pode ser obtida através de duas formas básicas: direta (invasiva) 

ou superficial. A primeira utiliza agulhas inseridas diretamente no músculo para 

obter a ddp de uma unidade motora isolada. Dado comumente utilizado no 

diagnóstico clínico de doenças neuromusculares. De outra forma, a 

eletromiografia de superfície (EMGs) captura os potencias de ação por meio de 

eletrodos acoplados por gel condutor, dispostos na superfície da pele e no 

sentido da fibra muscular. Nesta forma, o sinal obtido representa o somatório 
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dos potencias de ação da área envolvida pelos eletrodos, estes geralmente, de 

prata-cloreto de prata (Ag/AgCl), permitem capturar o potencial de ação do 

sarcolema de forma não invasiva, indolor e de baixo custo, embora mais 

vulnerável a interferência de alguns fatores externos geradores de ruídos68,69. 

 Segundo Carvalho69 a EMGs apresenta menor precisão diagnóstica 

quando comparado ao EMG de agulha, isso em virtude do procedimento 

superficial não ter contato direto com o músculo. Mas, o EMGs pode ser 

utilizado em grandes grupos musculares para avaliar parâmetros de fadiga 

muscular, velocidade de condução, além de analisar reflexo de Hoffmann 

(reflexo H) e resposta motora direta (resposta M), tais fatores impulsionam a 

crescente adesão à técnica não invasiva. 

É uma ferramenta importante de análise clínica, fornecendo informações 

relevantes sobre o timming de ativação da musculatura envolvida no 

movimento, a intensidade de sua ativação, a duração de sua atividade, 

variabilidade ciclo a ciclo70, a ocorrência de fadiga, a alteração da composição 

das unidades motoras resultante de programas de treinamento muscular, assim 

como as estratégias neurais de recrutamento71-75,54. 

1.7. Justificativa 

A fotobiomodulação consiste em uma abordagem promissora no 

tratamento da Lesão Medular incompleta, porém a literatura se mostrou 

escassa de estudos sobre o assunto, principalmente, ensaios clínicos 

controlados. Segundo Hashmi et al.54, a LM é um trauma severo do sistema 

nervoso ainda sem terapias restauradoras eficazes, no entanto, a 

fotobiomodulação apresenta efeitos biomoduladores no tecido do sistema 

nervoso central e periférico. Foi encontrado um estudo de Byrnes et al.54 que 

evidenciaram em dois modelos experimentais de lesão medular que a 

fotobiomodulação produziu brotamento axonal e melhora funcional. Segundo 

Wu et al.56, a fotobiomodulação apresentou melhora significativa no 

rebrotamento axonal. No entanto, foram estudos baseados em modelos 

animais. Nosso estudo justifica-se exatamente devido a escassez em estudos 

associando fisioterapia e terapia com fotobiomodulação na medula para 

investigar a melhora funcional destes indivíduos.  
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2. Objetivos  

2.1. Geral 

Avaliar o efeito da terapia com fotobiomodulação na resposta sensório-

motora de indivíduos com Lesão Medular.  

 

2.2. Específicos 

 Protocolo 

Estudo I - Evaluation of sensory-motor response to photobiomodulation 

for the treatment of spinal injuries:study protocol for a randomized 

controlled trial (Submetido na TRIALS - A1) 

 Avaliar a atividade eletromiográfica após fotobiomodulação;  

Estudo II - Photobiomodulation improves motor response in patients with 

spinal cord injury submitted to electromyographic evaluation: randomized 

clinical trial. (Submetido na LASERS IN MEDICAL SCIENCE - A1) 

 Avaliar a sensibilidade e percepção sensorial após 

fotobiomodulação;  

Estudo III - Sensory responses and perceptions following 

photobiomodulation administered to patients with incomplete spinal cord 

injury. (Submetido na BMC Neurology - B1) 
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3. Metodologia 

3.1 - Delineamentos do estudo 

Este estudo é um ensaio clínico, controlado e aleatorizado que foi 

desenvolvido nas Clínicas de Fisioterapia da Universidade Nove de Julho 

(UNINOVE), nos períodos entre fevereiro/2015 a outubro/2017.  

Seguiu as normas regulamentadoras de pesquisa em seres humanos 

com submissão e aprovação do Comitê de Ética em pesquisa da Universidade 

Nove de Julho sob o protocolo CAAE: 56952716.2.0000.5511 (Anexo 1). Os 

participantes ou responsáveis assinaram o Termo de Consentimento Livre e 

Esclarecido (TCLE) para autorização da participação na pesquisa (Anexo 2). O 

protocolo deste estudo foi registrado na Clinical Trials em 05 de outubro de 

2016 (ClinicalTrials.gov Identifier: NCT 03031223).   

3.2. Casuística 

Foram recrutados 33 indivíduos nas clínicas de fisioterapia da 

UNINOVE, segundo os critérios de inclusão e exclusão relacionados abaixo.  

 

Critérios de Inclusão 

 Lesados Medulares Incompletos (ASIA B, C e D) 

 Tetraplégicos e Paraplégicos  

 Nível de lesão de C3 a L5 

 

Critérios de exclusão 

 Lesados Medulares Completos 

 Comprometimento cognitivo em decorrência de patologias encefálicas 

prévias  

 

Processo de randomização  

 Os indivíduos foram alocados nos diferentes grupos com base em 

números gerados aleatoriamente por um site de randomização 

(randomization.com). A alocação se deu através do uso de envelopes opacos 

selados. Cada envelope foi numerado e continha o nome de um participante. 

Os envelopes foram selecionados aleatoriamente usando o site de 
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randomização, com a formação do grupo controle-placebo primeiramente 

(fototerapia simulada), seguidos pelo grupo fotobiomodulação. Os indivíduos 

foram recrutados nas Clínicas de Fisioterapia da Universidade Nove de Julho 

segundo amostra de conveniência. 

   

3.3. Protocolo 

Os indivíduos recrutados para este estudo foram randomizados e divididos 

em dois grupos sendo Grupo Controle-Placebo mais fisioterapia (n=12) e 

Grupo Fotobiomodulação mais fisioterapia (n=13). Os indivíduos foram 

avaliados por meio da avaliação padronizada da American Spinal Injury 

Association (ASIA)14, Questionário Livre de Percepção Sensorial e 

Eletromiografia que foi coletada nos músculos bíceps braquial e quadríceps. 

Estas avaliações foram realizadas pré, imediatamente após e 30 dias após 

terapia com fotobiomodulação, segundo tabela abaixo (tabela 2). 

Tabela 2 - Caracterização da Amostra 

GRUPOS 

CONTROLE-PLACEBO 

 (n=12) 

FOTOBIOMODULAÇÃO 

 (n=13) 

VARIÁVEIS          n       VARIÁVEIS                     n 

Tetraplégicos   
6 Tetraplégicos   3 

Paraplégicos    6 Paraplégicos   10 

Homens   10 Homens  12 

Mulheres   2 Mulheres  1 

Idade  38,4 ± 9,1 Idade  36,3 ±15,1 

Tempo de Lesão  30,0 ± 20,0 Tempo de Lesão  41,0 ± 43,5 

Nível de Lesão 

 

C4 

C5 (2) 

T5 (4) 

T6 

T9 

T10 

T12 

L2 

Nível de Lesão 

 

C3 (2) 

C6 

T4 

T5 

T8 

T9 (2) 

T10 (2) 

T12 

L1 

L2 
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3.4. Avaliações 

3.4.1. Comprometimento Sensorial (ASIA)14 - (Anexo 3) 

A avaliação sensitiva foi realizada avaliando dor e tato leve. A dor foi 

avaliada estimulando-se com alfinete delicado e o tato avaliado com toque leve 

com uma bola de algodão. Para a dor (alfinetada), o resultado foi classificado 

como: 2 - normal, 1 – prejudicada (não há diferença entre a picada vigorosa e 

leve) mas existe a sensibilidade dolorosa; 0 – sem sensibilidade.  Para o tato 

leve, o resultado foi classificado como: 2 – A sensibilidade no corpo e na face é 

igual; 1- Há sensibilidade, mas, é menor que o tato na face; 0-sem 

sensibilidade. 

Os seguintes dermátomos (e suas referências) foram avaliados: 

• C2 - Occipital por trás da orelha 

• C3 – Fossa supraclavicular 

• C4- Articulação acrômioclavicular 

• C5 – Borda lateral da fossa antecubital 

• C6 - Superfície dorsal da falange proximal do polegar 

• C7 - Superfície dorsal da falange proximal do dedo médio 

• C8 - Superfície dorsal da falange proximal do dedo mínimo 

• T1- Borda medial da fossa antecubital 

• T2- Ápice da axila 

• T4- Linha médio clavicular, 4° espaço intercostal, linha mamilar 

• T6 - Xifóide 

• T10 - Umbigo  

• T12 - Linha média do ligamento inguinal 

• L1- Ponto médio entre T12 e L2. 

• L2 - Face medial da coxa, no meio de uma linha imaginária entre o 

ponto médio do ligamento inguinal e o Côndilo medial do Fêmur. 

• L3 – Côndilo femoral medial, acima do Joelho. 

• L4- Maléolo medial 

• L5 - Dorso do pé na terceira articulação MTP 

• S1 - Borda lateral do calcanhar 

• S2 - Fossa poplítea 

• S3 - tuberosidade isquiática 
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• S4,5 - região perianal 

 

3.4.2. Comprometimento Motor (ASIA)14 – (Anexo 3) 

A avaliação motora foi realizada graduando a força do músculo em 0 a 5 

(de acordo com o Medical Research Council Scale for Muscle Strengh), 0 – 

paralisia, 1 – movimentos presentes e sem vencer a gravidade, 2 – Movimento 

em toda a amplitude com a gravidade eliminada, 3 – série completa contra a 

gravidade, 4 - contra alguma resistência e 5 - contra a resistência total. Se um 

músculo não puder ser testado define-se como NT (Non tested).  

Os músculos chaves foram escolhidos porque são inervados por 2 

miótomos. Por convenção, se o músculo tem pelo menos grau 3, o músculo 

acima é considerado normal. 

 Os miótomos foram avaliados conforme definidos pela ASIA, de acordo 

com as instruções abaixo: 

• C5 (bíceps) - repouse a mão do paciente sobre o abdômen e peça para 

mover a mão para o nariz, para eliminar a gravidade. A seguir solicitar ao 

paciente para flexionar contra a gravidade e manter o movimento. Caso o 

paciente consiga realizar o movimento, apóie o ombro e aplique resistência. 

• C6 (extensor do punho) - pedir ao paciente mover o punho para cima. 

A seguir paciente peça para mover o punho para cima e manter. Após, empurre 

o punho para baixo. 

• C7 (tríceps) - repouse a mão do paciente sobre o abdômen e peça para 

esticar o braço, agora peça ao paciente para dobrar o braço e segurar a mão 

perto da orelha; Se houver movimentação normal, apóie o cotovelo e empurre 

o braço para baixo, testando contra resistência (não deixe paciente usar ação 

escapular). 

• C8 - separe o dedo do meio, imobilize a articulação interfalangeana 

proximal e segure a articulação metacarpofalangeana. Peça ao paciente para 

dobrar o dedo para os lados. 

Agora peça para dobrar para cima e segurá-lo. Agora tentar endireitar o 

dedo e diga ao paciente para resistir a sua ação de resistência. 

• T1 (abdutor do dedo mínimo) – Segurar a mão do paciente e pedir que 

ele tente mover o dedo mínimo para fora. Sinta a presença de movimentação. 
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Agora peça ao paciente para tentar mover o dedo para fora e manter lá. A 

seguir teste a resistência contra a resistência, opondo-se á o movimento do V 

dedo. 

• L2 (iliopsoas) – Com o paciente em decúbito dorsal, dobre a coxa do 

paciente para a barriga. Peça ao paciente para refazer o movimento e sinta a 

movimentação. Levante a coxa da cama para evitar a fricção e em posição 

neutra peça ao paciente para dobrar as coxas até 90 graus e segurar lá. Se 

possível, estabilize a outra coxa e pressione o lado a ser testado para avaliar a 

força contra resistência. 

• L3 (quadríceps) – levante a perna da cama para evitar atrito e em peça 

ao paciente para estender o joelho e segurar lá. Agora tente empurrar o joelho 

para baixo, e avalie a movimentação contra resistência. 

• L4 (dorsiflexores do tornozelo) - pedir ao paciente para pôr o pé em 

direção ao joelho. Pedir ao paciente para repetir o movimento e segurar o pé 

na posição. Agora empurre para baixo o tornozelo para avaliação do 

movimento contra resistência. 

• L5 (extensor longo do Hálux) - Peça para o paciente trazer Hálux em 

direção ao joelho. Agora peça que o segure lá, e, em seguida empurre para 

baixo o dedo do pé, apoiando o tornozelo e testando contra resistência. 

• S1 (flexores plantares) - pedir ao paciente para pressionar o pé em 

direção ao chão, como acelerador. Agora fletir a coxa para o abdome e fletir a 

perna sobre a coxa para descansar o pé sobre a cama. Pedir ao paciente para 

levantar o calcanhar para fora da cama. Por último pedir ao paciente para 

pressionar para baixo em sua mão como um acelerador. 

 

3.4.3. Avaliação Percepção Sensório-motora (Entrevista Livre de 

Percepção Sensorial) – (Anexo 5) 

 

 Foi entregue ao indivíduo um questionário onde ele pudesse relatar toda 

e qualquer alteração sensorial, e até mesmo motora, que ele houvesse 

observado antes, após as 12 sessões da intervenção e após 30 dias da 

fotobiomodulação.  
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3.4.4. Avaliação Eletromiográfica 

 

O sinal EMG foi obtido por um sistema de aquisição com 4 canais (EMG 

432 C) da EMG System do Brasil Ltda., composto por um módulo 

condicionador de sinais, eletrodos ativos bipolar, filtro analógico passa banda 

de 20 a 500 Hz e modo comum de rejeição de 120 dB. A freqüência de 

amostragem de aquisição do sinal foi de 2 kHz, digitalizados por placa de 

conversão A/D (analógico-digital) com 16 bits de resolução e o programa de 

aquisição foi o EMGLab (EMG System do Brasil Ltda.). Os eletrodos utilizados 

foram os bipolares ativos, com pré-amplificação de 20 x. 

Para a captação do sinal EMG dos músculos, foram utilizados eletrodos 

de superfície descartáveis auto-adesivos e do tipo Ag/AgCl (Noraxon), com 

diâmetro de 10 mm, fixados no ventre muscular do músculo bíceps braquial (no 

caso de tetraplégicos) e quadríceps (no caso de paraplégicos) direitos. Os 

eletrodos foram fixados após limpeza com álcool 70%, para diminuir a 

impedância entre a pele e os eletrodos. À distância inter-eletrodos foi de 20 mm 

entre os centros, como sugerido pela SENIAM (Society European 

Recommendations for Surface Eletromyography)76. Como referência, foi 

utilizado um eletrodo no punho esquerdo dos voluntários para impedir o efeito 

de interferência de ruídos externos. 

A atividade EMG dos músculos foi verificada em três condições: i) 

repouso; ii) isometria e iii) isotonia. (figura 5). Para a coleta dos dados, os 

indivíduos que não conseguiram vencer a gravidade para realização da 

contração do bíceps ou quadríceps, foram posicionados em decúbito lateral a 

fim de anular a resistência da gravidade. Devido ao grande esforço em se obter 

alguma contração muscular, foram avaliados somente o bíceps ou quadríceps 

direitos, pois o esforço motor para a contração afetaria a contração do outro 

membro.  

  A primeira condição a ser coletada foi em repouso, posteriormente em 

isometria e, por fim, foram realizadas as coletas em isotonia.  Todas as coletas 

foram extraídas com corte de 1 segundo antes e 1 segundo depois do centro 

do sinal eletromiográfico. 
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 Para as coletas da isotonia e isometria foi solicitado ao voluntário que 

contraísse o músculo avaliado seguindo o comando de voz do avaliador. Caso 

não houvesse contração visível foi solicitado ao voluntário que fechasse os 

olhos, imaginasse o movimento e desse o comando ao cérebro imaginando-se 

realizando o movimento solicitado.  

O tempo de coleta para cada porção muscular foi de 10 segundos, 

sempre respeitando um intervalo de descanso de 2 minutos entre cada coleta, 

para evitar os efeitos da fadiga.  

 

 

 

Figura 4 – Protocolo da Eletromiografia 

 

 

3.4.5. Fotobiomodulação  

 Quanto ao protocolo da fototerapia, foi baseado em estudos após 

revisão da literatura. Os artigos de interesse foram identificados a partir da 

realização de uma pesquisa pelo título e resumo. Os artigos cujo tema não era 

pertinente à pesquisa foram excluídos. Em um segundo momento, os artigos 

selecionados foram analisados quanto aos seus objetivos, ao método do 

estudo, e aos resultados obtidos (Anexo 6). A partir daí, foi criado um protocolo 

inicial para fotobiomodulação. 
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Para a irradiação os indivíduos foram posicionados em decúbito lateral 

com travesseiro entre as pernas. Para encontrar o nível da lesão medular, o 

avaliador realizou palpação dos processos transversos das respectivas 

vértebras. Como os segmentos medulares não são topograficamente 

relacionados com as respectivas vértebras foi acrescentado  dois processos 

transversos abaixo para se localizar o nível da lesão medular (em lesões de C2 

até T10).  

 Foram irradiados 5 pontos (figura 5 e 6) sendo 2 no espaço intervertebral 

superior, 2 no espaço intervertebral inferior e um no meio do corpo vertebral. A 

ponta da caneta do laser foi recoberta com papel filme transparente, sem 

apresentar nenhuma dobra a fim de evitar o espalhamento da luz,  e como 

consequencia, perda de energia e manteve-se sempre perpendicular a medula 

(figura 7).  Cada ponto foi irradiado com 25 J, 120 (mW) e 03 min e 28 seg por 

ponto (figura 8) (Tabela 3).  

 Os indivíduos do grupo Controle-Placebo foram posicionados da mesma 

maneira e receberam os mesmos comandos verbais do avaliador, a única 

diferença com o grupo fotobiomodulação foi que não houve a emissão da 

irradiação. Foi utilizado o mesmo equipamento.  

 

Figura 5 - Posicionamento dos 5 pontos sobre a coluna cervical 
Fonte: Imagem arquivo pessoal 
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.                                 Figura 6 - Posicionamento dos 5 pontos sobre a coluna torácica 

Fonte: Imagem arquivo pessoal 

 

 

                       

  

Figura 7 - Posicionamento da caneta durante irradiação 

Fonte: Imagem arquivo pessoal 
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Figura 8 – Parametros da Fotobiomodulação 

Fonte: Imagem arquivo pessoal 

 

 

Tabela 3 - Parâmetros da fotobiomodulação  

Parâmetros Laser infravermelho 

Comprimento de onda [nm] 808 

Largura de faixa espectral [nm] 10 

Modo de operação Contínuo 

Média radiante de energia [mW] 120 

Polarização Randomizado 

Diâmetro da abertura [cm] 0.18 

Irradiância de abertura [W/cm2] 4.72 

Tamanho do feixe no alvo [cm2] 0.0254 

Irradiância no alvo [W/cm2] 4.72 

Duração da exposição [s] 208 (por ponto) - 1040 (total) 

Exposição radiante [J/cm2] 983 

Densidade de energia na abertura [J/cm2] 983 

Energia radiante [J] 25 (por ponto) 

Número de pontos irradiados 5 

Área irradiada [cm2] 0.0254 

Técnica de aplicação Contato 

Número e a freqüência das sessões de 

tratamento 

Três por semana, durante 

quatro semanas (12 sessões) 
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3.5. Protocolo de Fisioterapia 

 A fisioterapia foi realizada 3 vezes por semana, após a 

fotobiomodulação. Foram realizados exercícios, dependendo do nível da lesão, 

com enfoque funcional, priorizando os terapias proprioceptivas e sensoriais. 

Foram realizados alongamentos, fortalecimentos da musculatura integra ou 

parcialmente ativada através de eletroterapia associado a halteres e/ou faixas 

elasticas, treinos de transferencias cadeira/tablado, treino da passagem de 

sedestação para ortostatismo além de marcha na esteira com suporte parcial 

de peso. Lembrando que em todos estes treinamentos foram associados 

texturas diversas a fim de oferecer estímulos sensoriais.  

 

 

 3.6. Análise estatística  

Foi utilizado o software OriginPro 8 (Origin Lab Corporation, EUA) para 

estimar o tamanho da amostra em dois grupos (controle e fotobiomodulação), 

usando o teste t para amostras independentes. (Quadro 1) 

Quadro 1 – Calculo amostral 

Sample Size (s) for Hypothetical Power(s) 

 

Effect Size 
f 

α err 
prob 

Power (1-
β err 
prob) 

Number 
of 

groups 

Number of 
measurements 

Total Sample 
size 

0,25 0.05 0.80 2 
2 
 

30 

 

Dados extraídos da referência “Clinical and electromyographic evaluation of 

mastication within different facial growth patterns”, artigo de Prates et al.76 

Os dados foram analisados em relação à normalidade através dos teste 

Kolmogorov-Smirnov. Os dados normais foram expressos em média e desvio-

padrão. Os dados não normais foram expressos em mediana e intervalo 

interquartílico. A proporção entre paraplégicos e tetraplégicos foi comparada 

entre os grupos através do teste Qui-Quadrado com a correção do Exato de 

Fisher e significância α=5%. Para as análises intragrupo foi utilizado o teste 

Kruskal-Wallis. 
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4. Resultados 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 9 - Fluxograma do estudo 

 

Os resultados da presente Tese serão apresentados no formato de 

artigos. O estudo I, intitulado “Evaluation of sensory-motor response to 

photobiomodulation for the treatment of spinal injuries:study protocol for a 

randomized controlled trial” submetido na Trials, o estudo II, intitulado 

“Photobiomodulation improves motor response in patients with spinal cord injury 

submitted to electromyographic evaluation: randomized clinical trial”, submetido 

na Lasers in Medical Science e o estudo III, intitulado “Sensory responses and 

perceptions following photobiomodulation administered to patients with 

incomplete spinal cord injury”, submetido na BMC Neurology. 

30 dias após Terapia com FBM 

Aplicação da Escala ASIA, Questionário Livre de Percepção Sensorial e EMG 

 

 

Incluídos (n = 25) 

Randomização 

Grupo fotobiomodulação + 

Fisioterapia (n = 13) 

Fototerapia (12 sessões) 

Grupo Controle-Placebo + Fisioterapia 

(n = 12) 

Fototerapia Placebo (12 sessões) 

Análise dos dados 

Imediatamente após Terapia com FBM 

Aplicação da Escala ASIA, Questionário Livre de Percepção Sensorial e EMG 

 

Pré Terapia com FBM 

Aplicação da Escala ASIA, Questionário Livre de Percepção Sensorial e EMG 

 

Recrutamento dos pacientes (n = 33) 

Excluídos (n = 8) 

 Lesão Medular Completa (3) 

 Não concluíram o protocolo 

fotobiomodulação (5) 
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4.1. Estudo I 

Evaluation of sensory-motor response to photobiomodulation for the treatment 

of spinal injuries:study protocol for a randomized controlled trial 

 

Quadro 2 – Comprovante de submissão do artigo1. 

 

 

4.1.1 – Introduction 

Spinal cord injuries have become increasingly frequent due mainly to the 

increase in urban violence. The growing number of automobile collisions and 

violence-related events merits particular attention, as such occurrences can 

lead to death or disability stemming from a spinal injury.1 The Brazilian Health 

Ministry reports the occurrence of approximately 8750 cases of spinal cord 

injuries every year, more than half of which involve young adults who were 

professionally active at the time of the injury.2 

The severity of the consequences depends on the location affected and degree 

of destruction of afferent and efferent spinal cord pathways, with higher, more 

extensive injuries leading to less physical fitness and functional 

independence.3According to the American Spinal Injury Association (ASIA), a 

spinal cord injury can be either complete or partial and leads to a reduction in or 

loss of motor, sensory or anatomic function due to the impairment of neuronal 

elements within the spinal canal. An injury below T1 can cause paraplegia or 

paraparesis, whereas an injury above this level can cause quadriplegia or 

quadriparesis.4 

Unfortunately, injured neurons of the central nervous system are unable to 

regenerate following a spinal injury and spinal cord regeneration is therefore a 

major challenge to researchers in the fields of neuroscience and neurologia.5 

Considering this fact, many of the most interesting applications of phototherapy, 
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such as low-level laser, are found in the field central and peripheral neurology. 

Upon receiving an external stimulus, the central nervous system is believed to 

adapt and reorganize itself using mechanisms to compensate for neuronal loss 

and promote, even if partially, the remodeling of remaining synaptic 

connections, leading to new neuronal sprouting.6 

According to McDonald et al.,7 the best treatment for a spinal injury is that which 

both diminishes the repercussions of the injury and stimulates the repair 

process. Low-level laser therapy (LLLT) has proven to be a possible option for 

the stimulation of the repair process in the central nervous system.8 It is 

plausible that this type of therapy can offer the same benefits previously 

established in other types of tissues, such as an increased production or 

inhibition of mediating agents involved in the inflammatory process, acceleration 

of the tissue repair process,9 stimulation of fibroblast proliferation, analgesia, a 

reduction in edema,10 the stimulation of bone formation,11 neovascularization 

and the regeneration of peripheral nerves.12 To achieve an adequate biological 

response, it is necessary to employ the ideal radiance parameters, such as the 

proper wavelength, energy density (dose or fluence), power density (intensity) 

and operating mode, as well as a sufficient number of applications to produce 

the desired effect.13 

Research groups have investigated the efficacy of LLLT for the treatment of 

spinal cord injuries and have demonstrated that laser therapy administered 

simultaneously to an injured sciatic nerve and corresponding segment of the 

spinal cord accelerates the regeneration process of the injured peripheral 

nerve.14 According to Wu et al.15 LLLT leads to a significant improvement in 

axonal sprouting. These results suggest that phototherapy is a promising 

method in the rehabilitation process following a spinal injury. However, clinical 

trials on this subject are scarce in the literature.  

Objectives 

General objective – Evaluate the effect of photobiomodulation on the sensory-

motor response in individuals having suffered a spinal cord injury.  

Specific objectives – Investigate the maintenance of the possible sensory-motor 

response through electromyographic analyses conducted before LLLT and as 

well as one and 30 days after the intervention; evaluate functional 
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independence and quality of life in individuals having suffered a spinal cord 

injury.  

 

4.2. Estudo II 

Photobiomodulation improves motor response in patients with spinal cord injury 

submitted to electromyographic evaluation: randomized clinical trial 

 

Quadro 3 – Comprovante de submissão do artigo 2. 

 

 

4.2.1-  Introduction 

Spinal cord injury (SCI) can lead to paraplegia or quadriplegia, with a significant 

impact on quality of life and life expectancy as well as economic burden in the 

form of the considerable costs associated with primary care and the loss of 

income [1]. 

The regenerative process after the occurrence of SCI is very complex and 

current therapeutic approaches fail to promote functional recovery. However, it 

is generally agreed that it is essential to modulate the initial inflammatory 

process and control secondary tissue loss related to SCI in order to offer a more 

appropriate environment for the stimulation of neuroplastic processes [2,3]. 

Although there are no fully restorative treatments for SCI, many rehabilitative, 

cellular and molecular therapies have been tested using animal models. Among 

these treatments, the stimulatory effects of photobiomodulation on biological 

tissues have been highlighted [1, 2]. Phototherapy has been found to stimulate 

mitochondrial activity/function as well as increase the synthesis of ATP, the 

amount of reactive oxygen species and the activity of cytochrome c oxidase [5].  

Using an experimental SCI model in rats, Song et al. [3] found that 810 nm laser 

altered the polarization state to an M2 tendency, reporting the potential for 

reducing inflammation, regulating macrophage/microglia polarization and 
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promoting neuronal survival. Also using an experimental SCI model in rats, Wu 

et al. [4] found that low-level laser therapy (LLLT) (810 nm, 150 mV), 1589 

J/cm²) increased axonal regeneration and improved functional recovery. 

An important systematic review reports that all studies involving animal models 

demonstrate the positive results of phototherapy with regard to spinal tissue 

regeneration and functional improvement. The only study involving humans 

showed that the combination of cell transplantation and laserpuncture 

(irradiation at acupuncture points rather than at the injury site) was able to 

promote some voluntary activity below the level of the SCI. The different laser 

parameters produced similar results, but the variety of parameters shows the 

lack of standardization in the studies, making it difficult for researchers and 

clinicians to know which parameters to employ [5]. 

To enable a better evaluation of the motor response in muscles, 

electromyography (EMG) has been employed as an important complementary 

method that captures information on the electrical activity of muscles of interest. 

EMG can assist in the determination of ducts and demonstrate the results 

obtained through specific therapies as well as offer information on different 

forms of muscular contraction [6, 12]. 

The main question guiding the present study regards possible modifications in 

the behavior of muscles affected by spinal cord injury submitted to 

photobiomodulation with regard to electrical activity and muscle contraction, 

starting from the hypothesis that such modifications would be expected. 
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4.2.2 - Results 

Table 2 – Characterization of sample  

   

GRUPS 

PLACEBO-CONTROL 

 (n=12) 

PHOTOBIOMODULATION 

 (n=13) 

VARIABLES          n       VARIABLES                     n 

Quadriplegic   6 Quadriplegic   3 

Paraplegic  6 Paraplegic  10 

Men 10 Men 12 

Women  2 Women  1 

Age 38,4 ± 9,1 Age 36,3 ±15,1 

Time of njury  30,0 ± 20,0 Time of njury  41,0 ± 43,5 

Level of injury 

 

C4 

C5 (2) 

T5 (4) 

T6 

T9 

T10 

T12 

L2 

 

Level of injury 

 

C3 (2) 

C6 

T4 

T5 

T8 

T9 (2) 

T10 (2) 

T12 

L1 

L2 

 

 

Median frequency values of the EMG signals were compared to determine 

differences between the control and laser groups under the conditions of rest 

and isotonic contraction. Fig. 3 displays the results expressed in median and 

interquartile range (25 to 75%).  

In the intra-group analysis of the laser group, median frequency values of the 

brachial biceps and femoral quadriceps muscles were higher at rest and during 

isotonic contraction 30 days after photobiomodulation (p = 0.0258; Mann-

Whitney test). No significant results were found regarding the rest and isotonic 

conditions in the pre-photobiomodulation period (p = 0.950) or immediately 
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following photobiomodulation (p = 0.262).                

 

Fig 3 – Median (25%, 75% quartile) of median frequency recorded at rest and 

during isotonic contraction.  The letter “a” indicates statistically significant 

difference (p = 0.0258). 

 

 In the intra-group analysis of the control group, no statistically significant 

results were found regarding the rest and isotonic conditions in the pre-

photobiomodulation period (p = 0.850), immediately after photobiomodulation (p 

= 0.226) or 30 days after photobiomodulation (p = 0.184). 

 In the intergroup analysis (Kruskal-Wallis test), no statistically significant 

differences were found at rest immediately after photobiomodulation (p = 0.934) 

or 30 days after photobiomodulation (p = 0.900). Moreover, no statistically 

significant differences were found during isotonic contraction immediately after 

photobiomodulation (p = 0.542) or 30 days after photobiomodulation (p = 

0.850).  
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A proportion between paraplegia and tetraplegia was compared between the 

groups with Chi-Square corrected by Fisher´s exact test and significance α=5%. 

There was no significant difference between groups (p= 0.0730). 

 

4.2.3 - Discussion 

 Skeletal muscles are innervated by inferior motor neurons from the 

ventral horn of the spinal cord. The axions of these neurons form the ventral 

roots, which joint with the dorsal roots (that transmit sensory information) and 

either form mixed spinal nerves or project through spaces between the 

vertebrae. The inferior motor neurons are classified as alpha and gamma and 

are responsible for the innervation of muscle fibers and the generation of force 

by muscles. A motor unit is formed by the motor neuron and the extrafusal 

muscle fibers that the neuron innervates; the number of muscle fibers that 

compose a motor unit varies depending on the muscle and its specialization in 

the composition of a given movement [6, 7]. 

 When a motor unit is activated, the muscle contracts and action 

potentials are generated that can be captured and recorded in the extracellular 

space with the use of electromyography. In this exam, the sum of the potentials 

are transformed into analog signals (graphs) that represent the discharge of all 

muscle fibers pertaining to the alpha motor unit [6, 7, 12]. 
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 In the investigation of the force or velocity of a muscle contraction, the 

amplitude of the EMG signal can be affected by factors that are not relevant to 

the production of force, such as the shape of the wave of the action potential of 

the motor unit. Moreover, the non-linear relationship between the response size 

and amplitude of the rectified EMG signal as well as changes in the amplitude 

of movement of the signal due to cancelling limit the possibility of using the 

amplitude of the EMG signal as a variable to indicate the specific characteristics 

of the brachial biceps and femoral quadriceps muscles evaluated in the present 

study. Another disadvantage of analyses in the time domain is the need to 

record an additional EMG signal during the maximum volumetric period that can 

serve as a parameter for the normalization of the crude EMG signal [12]. Many 

studies in the literature use the median frequency (MDF) to investigate muscle 

fatigue. This index can also be used to investigate other muscle phenomena. 

Due to the difficulty many patients have in performing voluntary muscle 

contractions, we used MDF as the parameter, since the root mean square 

(RMS) amplitude requires normalizing the signal by maximum voluntary 

contraction. 

 Few studies have addressed the use of LLLT in cases of SCI. Paula et 

al. [13] found faster motor evolution in rats with spinal contusion submitted to 

LLLT, with the maintenance of the effectiveness of the urinary system, the 

preservation of nerve tissue in injured areas, inflammation control and an 

increased number of nerve cells and connections. Using a spinal cord crush 

injury model in rats, Song et al. [3] found that LLLT altered the polarization state 

to a tendency toward M2 and increased levels of interleukin 4 and interleukin 3, 

demonstrating the potential to reduce inflammation, regulate 

macrophage/microglia polarization and promote neuronal survival.  

 Only one study involving human subjects was conducted to evaluate the 

capacity of cell transplantation (olfactory ensheathing glia [OEG]) combined with 

Laserpucnture® with regard to restoring voluntary muscle activity below the 

level of the injury [16]. Three clinical cases (two men and three women aged 25 

to 37 years) of SCI between T4 and T9 classified as paraplegics were analyzed. 

Several months after being submitted to OEG transplantation, the patients 

underwent 40 to 57 sessions of laserpuncture involving infrared laser applied to 
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eight points following the paths of the acupuncture meridians (kidneys, 

stomach, Ren Mai and Dai Mai in the anterior region of the body and Chong 

Mai, bladder and Daí Mai in the posterior region of the body as well as over 

dermatomes that are not part of classic acupuncture). Twenty-minute sessions 

were held twice a day (morning and afternoon) five days a week with an interval 

of eight weeks between each two sets of sessions (each ten sessions). The 

Laserpuncture® properties and parameters were not divulged due to the 

proprietary nature of the technique. For the evaluation of muscle activity, 

adhesive electrodes were attached to the skin 15 cm above the patella on the 

belly of the right and left quadriceps muscles. The results suggest some degree 

of voluntary muscle contraction below the level of the injury in the three 

individuals. The author suggests that the transplant helps restore the spinal 

cord tissue and laserpuncture assists in the passage of nerve impulses from the 

brain to spinal cord areas below the injury through an electromagnetic wave 

(wavelength) and not through electrochemical conduction (neurotransmitters), 

thereby complementing transplant therapy.    

 This is the first randomized controlled study in which the role of 

phototherapy was evaluated in patients with spinal cord injury. The results 

demonstrate that phototherapy stimulated the injured tissue, achieving an 

improved motor response. The EMG data demonstrate a difference in 

comparison to the pre-intervention evaluation, with higher MDF values at rest 

and during isotonic contraction 30 days after the end of treatment. MDF is 

related to the firing and synchronism of motor units. An increase in MDF 

indicates either an improvement in the firing synchronism of the motor units or 

an increase in the firing frequency of the motor units. Thus, LLLT may 

contribute to an improvement in motor recruitment. 

 The activity of a motor neuron is controlled by three pathways that 

modulate different aspects of its activity. The first pathway is formed by ganglion 

cells of the dorsal root that inform the length of the muscle innervated by the 

alpha neuron. The second pathway is important to the initiation of the control of 

voluntary movement that stems from motor neurons of the brainstem and motor 

cortex. The third pathway is composed of interneurons of the spinal cord and is 

responsible for spinal motor programs [6,7]. One may suggest that 
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phototherapy in the present study promoted the firing of motor neurons through 

the early activation of the third pathway of inferior motor neurons, as 

demonstrated by the increase in the median frequency of the EMG signal. In a 

scan of the literature, we found no studies that employed median frequency 

analysis in patients with SCI.  

 The findings of this initial investigation demonstrate that LLLT exerted 

positive effects on the behavior of motor function, especially at rest and during 

isotonic contraction of the muscles stimulated. It therefore appears that long-

term LLLT could result in improvements in the motor function of affected limbs. 

As this is the first randomized clinical trial involving patients with SCI submitted 

to photobiomodulation, further studies should be developed to furnish more 

information and evaluate the effects of phototherapy on neuroplasticity following 

a spinal cord injury. 

 

4.2.4 - Conclusion 

 In the present study, phototherapy was effective at promoting a motor 

response in individuals with spinal cord injuries, as demonstrated by the 

electromyographic analysis. Studies investigating the effects of different laser 

parameters on spinal cord recovery are important to determining the 

effectiveness and safety of laser irradiation as well as the treatment parameters 

necessary for stimulation. 
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4.3.Estudo III 

Sensory responses and perceptions following photobiomodulation administered 

to patients with incomplete spinal cord injury  

 

Quadro 5 – Comprovante de submissão do artigo 3. 

 

4.3.1 - Introduction 

Spinal injury is a devastating condition with physical, emotional, 

psychological, social and financial repercussions for affected individuals and 

their families.1,2 This type of injury impedes the performance of functional 

activities due to the partial or complete interruption of ascending sensory and 

descending motor pathways.3,4  

Following a spinal cord injury, the superior centers (such as the cerebral 

cortex) become disconnected from circuits below the level of the injury, 

including central pattern generators, which are responsible for coordinating 

activities of locomotion.5,6 This disconnection results in the death of diverse 

neurons in and around the injury.5 The conduction of sensory and motor 

information is affected by the interruption of ascending and descending spinal 

tracts, respectively. This leads to the loss of the adequate perception of sensory 

stimuli (epicritical and protopathic sensations) and imprecision in the 

organization of motor behavior.4  

The sensations of pressure, touch, vibration and pain are extremely 

diminished when the dorsal columns of the spinal cord are affected. The 

individual becomes incapable of discriminating different sensations and the 

characteristics of these sensations, such as frequency, duration and intensity. 
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This has a direct negative impact on motor control, which depends on sensory 

feedback.7  

The American Spinal Injury Association (ASIA) defines a spinal cord 

injury as a reduction in or loss of motor and/or sensory and/or anatomic 

function. Such injuries can be complete or incomplete, depending on the degree 

of impairment of the neuronal elements within the vertebral canal. The 

manifestation of the injury is classified as paraplegia or paraparesis if the injury 

is below the T1 level and quadriplegia or tetraparesis if the injury is above this 

level.8  

ASIA created an impairment scale based on the type of injury (complete 

or incomplete) to classify spinal injuries in the following manner: ASIA A: 

complete injury, absent motor and sensory function at S4-5. ASIA B: incomplete 

injury, intact sensory function, but absent motor function below the neurological 

level of the injury and inclusion of the S4-5 level. ASIA C: incomplete injury, 

intact motor function below the level of the injury and more than half of the key 

muscles below the neurological level with muscle grade less than 3 on a scale 

of zero to 5. ASIA D: incomplete injury, motor function intact below the level of 

the neurological injury and more than half of the key muscles below this 

neurological injury with a muscle grade equal to or greater than 3. ASIA E: 

normal, motor and sensory functions intact.9 

Upon receiving an external stimulus, the central nervous system adapts 

and reorganizes itself using mechanisms to compensate for the neuronal loss 

and promote, even if partially, the remodeling of connections and new neuronal 

sprouting.10,11 Unfortunately, injured neurons in the central nervous system are 

unable to regenerate after a spinal cord injury and this continues to pose a 

challenge to neuroscience and neurology.12 Considering this gap in knowledge, 

many of the most interesting light therapies using photobiomodulation are in the 

field of neurology (central and peripheral).  

The aim of the present study was to investigate the sensory response 

and perception of the patients with spinal cord injuries submitted to 

photobiomodulation therapy.  
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4.3.2 - Results 

 The sample comprised 25 individuals (22 men and three women). Nine 

individuals were paraplegic and 16 were quadriplegic. After the random 

allocation process, the photobiomodulation group comprised 13 participants and 

the control group comprised 12 participants. The most frequent causes of spinal 

cord injury were firearm incident, fall from a height, automobile accident, spinal 

cord tumor, herniated disc, fall from a bicycle, diving into shallow water and 

hypoxia of the abdominal aorta.  
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Table 2 – Reports of sensory-motor perception of patients 30 days after 

photobiomodulation (quadriplegic) 

Variables p * 

Tingling 0,801 ##  

Tactile sensitivity 0,589 ## 

Temperature Not reported 

Pressure Not reported 

Pain sensitivity Not reported 

Pelvic region sensitivity 0,833 ## 

Ease of defecating 0,565 ## 

Piloerection 0,503 ## 

Balance 0,590 ## 

Spasms 0,517 ## 

Trace contractions 0,843 ## 

Strengthening of trunk 0,500 ## 

Strengthening of lower limbs Not reported 

Pearson’s chi-square test 
## Fisher’s exact test  
* p ≤ 0.05 
 

 

The responses to the sensory-motor perception questionnaire enabled 

the quantification of the changes reported by the quadriplegics participants after 

12 sessions of photobiomodulation. Thirteen types of sensory-motor changes 

were reported. The chi-square test with correction by Fisher’s exact test was 

used for the statistical analysis of the frequency with which such changes 

occurred in the different groups: tingling (p = 0.801), tactile sensitivity (p = 

0.589), pelvic region sensitivity (p = 0.833), perceived desire to defecate (p = 

0.565), piloerection (p = 0.503), improved balance (p = 0.590), muscle spasms 

(p = 0.517), trace contractions (p = 0.843) and strengthening of trunk (p = 

0.500). Perceptions of temperature, pressure, pain sensibility and strengthening 

in the lower limbs were not reported by volunteers.  
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Table 3 – Reports of sensory-motor perception of patients 30 days after 

photobiomodulation (paraplegic) 

Variables p * 

Tingling   0,430 ## 

Tactile sensitivity 0,255 ## 

Temperature 0,458 ## 

Pressure 0,542 ## 

Pain sensitivity 0,370 ## 

Pelvic region sensitivity  0,542 ## 

Ease of defecating 0,542 ## 

Piloerection 0,124 ## 

Balance 0,263 ## 

Spasms 0,220 ## 

Trace contractions 0,015 *## 

Strengthening of trunk 0,091 ## 

Strengthening of lower limbs 0,542 ## 

Pearson’s chi-square test 
## Fisher’s exact test  
* p ≤ 0.05 

 

The responses to the sensory-motor perception questionnaire enabled 

the quantification of the changes reported by the paraplegics participants after 

12 sessions of photobiomodulation. Thirteen types of sensory-motor changes 

were reported. The chi-square test with correction by Fisher’s exact test was 

used for the statistical analysis of the frequency with which such changes 

occurred in the different groups: tingling (p = 0.430), tactile sensitivity (p = 

0.255), temperature (p = 0.458), pressure (p = 0.542), pain sensitivity (p = 

0.370), pelvic region sensitivity (p = 0.542), perceived desire to defecate (p = 

0.542), piloerection (p = 0.124), improved balance (p = 0.263), muscle spasms 

(p = 0.220), trace contractions (p = 0.015), strengthening of trunk (p = 0.091) 

and strengthening of lower limbs (p = 542).  
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Table 4 – Means on ASIA between groups before and after photobiomodulation 

(quadriplegic) 

VARIABLE PERIOD 
PHOTOBIOMO

DULATION 
CONTROL p* 

Motor index Pre 
35.0 ± 20.2 7.63 ± 4.41 

0.323 

 Post 37,6 ± 21.7 
8.88 ± 5.13 

0.349 

 Follow up 
36.0 ± 20.7 6.42 ± 3.71 

0.344 

Tactile 

sensitivity 
Pre 

44.6 ± 25.7 0.57 ± 0.33 
0.140 

 Post 
43.6 ± 25.2 0.57 ± 0.33 

0.118 

 Follow up 
44.4 ± 25.6 0.57 ± 0.33 

0.077 

Pain 

sensitivity  
Pre 

46.5 ± 26.8 0.57 ± 0.33 
0.120 

 Post 
39.7 ± 22.9 0.57 ± 0.33 

0.068 

 Follow up 
45.0 ± 26.0 1.15 ± 0.66 

0.078 

Independent Student’s t-test 
 *p ≤ 0.05 
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Table 5 – Means on ASIA between groups before and after photobiomodulation 

(paraplegic) 

VARIABLE PERIOD PHOTOBIOMODULATION CONTROL p* 

Motor index 

Pre 
12.4 ± 3.92 16.4 ± 5.48 

0.865 

Post 15.3 ± 4.85 
9.98 ± 3.32 

0.283 

Follow up 
15.8 ± 5.00 13.5 ± 4.52 

0.257 

Tactile 

sensitivity 

Pre 
8.44 ± 2.67 16.7 ± 5.57 

0.267 

Post 
7.61 ± 2.40 15.5 ± 5.18 

0.558 

Follow up 
8.85 ± 2.79  16.7 ± 5.58 

0.613 

Pain sensitivity  

Pre 
7.59 ± 2.40 16.0 ± 5.34 

0.232 

Post 
8.44 ± 2.67 16.7 ± 5.57 

0.235 

Follow up 
8.17 ± 2.58 15.7 ± 5.24 

0.632 

Independent Student’s t-test 
 *p ≤ 0.05 

 

 

 

Table 6 – Intra-group comparison of means on ASIA scale in 
photobiomodulation group at different evaluation times 

VARIABLES 
MOTOR 
INDEX 

p* 
TACTILE 

SENSITIVITY 
p* 

PAIN 
SENSITIVITY 

p* 

Pre x Post -2.92 ± 
4.97 

0.056 - 2.76 ± 3.72 0.020* - 1.07 ± 7.64 0.621 

Pre x Follow 
up 

-6.00 ± 
5.59 

0.002* - 7.15 ± 8.66 0.012* - 5.69 ± 5.75 0.004* 

Post x Follow 
up 

-3.07 ± 
3.30 

0.006* - 4.38 ± 7.45 0.056 - 4.61 ± 5.31 0.009* 

Paired Student’s t-test   
*p ≤ 0.05 

 

In the intragroup analysis of the photobiomodulation group, statistically 

significant differences were found between the pre-intervention and follow-up 

evaluations (p = 0.004) as well as the post-intervention and follow-up 
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evaluations (p = 0.009). However, no significant differences were found 

between the pre-intervention and post-intervention evaluations (p = 0.621).  

 

Table 7 – Intra-group comparison of means on ASIA scale in control group at 

different evaluation times 

VARIABLES 
MOTOR 
INDEX 

p* 
TACTILE 

SENSITIVITY 
p* 

PAIN 
SENSITIVITY 

p* 

Pre x Post 1.33  ± 6.28 0.478 0.58 ± 3.89  0.614 - 0.41 ± 1.24 0.269 

Pre x Follow 
up 

-1.00 ± 4.26 0.434 - 1.16 ± 6.69 0.559 - 0.50 ± 4.31 0.696 

Post x Follow 
up 

-2.33 ± 3.82 0.058 - 1.75 ± 4.86 0.239 - 0.08 ± 3.75 0.940 

Paired Student’s t-test 
*p ≤ 0.05 

 

In the intragroup analysis of the control group, no statistically significant 

differences were found between any of the evaluation times: pre-intervention vs. 

post-intervention (p = 0.269), pre-intervention vs. follow up (p = 0.696) and post-

intervention vs. follow up (p = 0.940).  

Tables 6 and 7 displays the results of the comparisons of the motor 

index, tactile sensitivity and pain sensitivity between the photobiomodulation 

and control groups at the pre-intervention, post-intervention and follow-up 

evaluations. A tendency toward an improvement in these variables was found in 

the photobiomodulation group, but no statistically significant differences were 

found at any of the evaluation periods.  

 

4.3.3 - Discussion 

 Spinal cord injury constitutes severe trauma to the central nervous 

system for which no effective restorative therapy yet exists. However, 

photobiomodulation exerts important biomodulating effects on tissues of the 

central and peripheral nervous system.  

 In the present study, spinal injury was more frequent among the male sex 

and firearm wounds were the most frequent cause of injury. These findings are 
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in agreement with data described by the US National Spinal Cord Injury 

Statistical Center.16  

 Sensory systems represent the portion of the nervous system directly 

related to the reception, transmission and initial processing of information 

originating from the organism itself or the surrounding environment and used in 

the organization of the most varied responses. In the present study, an increase 

in the perception of trace contractions below the spinal cord injury was found 30 

days after photobiomodulation therapy. This perception is of the utmost 

importance, as it is related to sensory improvement. An important aspect to 

consider is that motor behavior is not characterized solely by movements, but 

by the integration of different sensory subsystems. Bensmaia and Miller17 found 

that anesthesia of the hand makes it impossible to handle small objects, which 

confirms the importance of sensory integration prior to motor actions.  

 Statistically significant differences were found in the comparison of the 

pre-intervention, post-intervention and 30-day follow-up evaluations. The 

findings demonstrate the possible residual effects of photobiomodulation, as a 

significant sensory improvement was found 30 days after the completion of the 

treatment protocol. This is similar to findings described by Rochkind et al.,18 

who found that photobiomodulation promoted the maintenance of the functional 

improvement of an injured nerve over time. In another study, Rochkind et al.19 

demonstrated that photobiomodulation on an injured peripheral nerve led to a 

significant improvement in nerve recovery and diminished the degeneration of 

corresponding neurons in segments of the spinal column. In an extensive 

review article of experimental studies, Gigo-Benato et al.20 also report the 

potential of photobiomodulation to promote the recovery of severely injured 

peripheral nerves.  

 No statistically significant differences were found in the control group 

between any of the evaluation times. This suggests the photobiomodulation 

administered directed over the spinal cord promotes an improvement in 

functional recovery, as no such improvement was found in the group submitted 

to the sham protocol. This finding is in agreement with data described by 
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Rochkind et al.,19 who report that irradiation directly on the spinal cord led to an 

improvement in the recovery of the corresponding injured peripheral nerve. 

 The sensory and perceptual results indicate that photobiomodulation, 

specifically laser irradiation at a wavelength of 808 nm, is capable of penetrating 

into the depth of the injured spinal cord, promoting sensory-motor 

improvements and, therefore, functional recovery. Likewise, Byrnes et al.13 

report an significant increase in the number of axons and the distance of axonal 

sprouting.  

 No adverse effects of photobiomodulation were found in the present 

study, demonstrating that this is a promising therapy for the rehabilitation of a 

spinal cord injury in humans, which is in agreement with results reported by Wu 

et al.,21 and promotes benefits in cases of brain diseases, as demonstrated in 

several studies.22-27  

4.3.4 - Conclusion 

 The sensory improvement observed and the perception of this 

improvement by the patients in this study offer valuable clinical evidence that 

photobiomodulation is a promising, noninvasive, effective technique for the 

treatment of sensory-motor alterations in individuals with spinal injuries.  
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5. Considerações finais 

 

A lesão medular continua sendo um grande desafio para equipe 

multiprofissional responsável pela reabilitação dos indivíduos lesados 

medulares. Segundo McDonald et al.77  o melhor tratamento para a lesão 

medular seria aquele que não apenas diminuísse a lesão, mas também 

estimulasse seu processo de reparação e promovesse melhora funcional.  

Observamos em nosso estudo que a terapia com fotobiomodulação 

mostrou-se promissora ao promover respostas sensório-motoras aos indivíduos 

com lesão medular. Os resultados demonstraram aumento da sensibilidade 

superficial, como toque leve e dor, principalmente após 30 dias da terapia, o 

que nos permite inferir sobre os efeitos benéficos em longo prazo da 

fotobiomodulação, além de, estimular uma série de respostas sensoriais como 

formigamento, aumento da sensibilidade da região genital e melhora da 

percepção miccional. Embora estes últimos dados não se demonstraram 

estatisticamente significantes foi possível observar melhoras clínicas mesmo 

que ainda sutis. Uma melhora sensorial é de extrema importância,  pois todo 

ato motor inicia-se através de um estímulo sensorial.  

Quanto às melhoras motoras, observamos em nosso estudo que a 

fotobiomodulação foi capaz de promover uma ativação precoce do 

motoneuronio inferior. Isso nos sugere que houve uma comunicação eficaz 

entre o motoneuronio superior e inferior seja por rebrotamento axonal, ou até 

mesmo maximização das vias eferentes parcialmente íntegras. Acredita-se que 

ao receber estímulo externo o sistema nervoso central possa se adaptar e 

reorganizar utilizando mecanismos para compensar a perda neuronal e 

promover, ainda que parcial, o remodelamento das conexões sinápticas 

remanescentes, e conseqüentemente, novas brotamentos neuronais15.  

Este estudo buscou investigar e apresentar a fotobiomodulação como 

uma possibilidade para a reabilitação funcional dos indivíduos com lesão 

medular, tornando-se uma alternativa acessível e de fácil utilização.  
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7. Anexos 

7.1. Anexo 1 – Parecer do Comitê de Ética e Pesquisa 
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7.2. Anexo 2 – Termo de Consentimento Livre e Esclarecido 

(TCLE) 

 

UNIVERSIDADE NOVE DE JULHO 
DOUTORADO EM CIÊNCIAS DA REABILITAÇÃO 

 
Termo de Consentimento para Participação em Pesquisa Clínica: 

 

Nome do Voluntário:_______________________________________________ 

Endereço:_______________________________________________________ 

Telefone para contato:____________Cidade:_______________CEP:________ 

Email:__________________________________________________________ 

 

As Informações contidas neste prontuário foram fornecidas pela aluna de 

doutorado Fernanda Cordeiro da Silva (Mestre em Ciências da Reabilitação) e 

Profa. Dra Sandra Kalil Bussadori, objetivando firmar acordo escrito mediante o 

qual, o voluntário da pesquisa autoriza sua participação com pleno conhecimento 

da natureza dos procedimentos e riscos a que se submeterá, com a capacidade de 

livre arbítrio e sem qualquer coação. 

 

1. Título do Trabalho Experimental: Avaliação da resposta sensório-motora após 

intervenção com laser em baixa intensidade em lesados medulares – ensaio 

clínico, controlado, aleatorizado e duplo cego, ou seja, Avaliação do aumento da 

sensibilidade e/ou contração muscular após a aplicação do laser o indivíduo com 

lesão medular.  

 

2. Objetivos:   O objetivo deste estudo é avaliar se a aplicação do laser sobre a 

lesão promove algum aumento da sensibilidade ou da contração muscular em 

indivíduos que sofreram uma lesão medular.  

  

3. Justificativa: Este estudo justifica-se uma vez que se verifica uma escassez de 

estudos referente ao aumento da sensibilidade e/ou da contração muscular após a 

aplicação de laser em baixa intensidade em indivíduos que sofreram uma lesão 

medular. 

  

4. Procedimentos da Fase Experimental: O participante inicialmente responderá 

alguns questionários. Após será avaliado o grau da sensibilidade e contração 

muscular através de uma escala chamada ASIA. Primeiramente avaliaremos a 

parte da sensibilidade, onde o participante ficará deitado de barriga pra cima 

enquanto um avaliador treinado passará um pequeno pincel na pele (em pontos 

pré-determinados) e após espetará levemente uma pequena agulha de ponta 

grossa em pontos da pele (pré-determinados). Imediatamente após, será avaliado 

a contração muscular, onde será solicitado ao participante realizar alguns 
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movimentos com os braços e/ou pernas.  Para o tratamento, durante 14 dias 

consecutivos, o participante receberá a aplicação de laser em baixa intensidade 

exatamente sobre a pele na altura da lesão medular. O participante ficará deitado 

confortavelmente de lado e um terapeuta treinado aplicará o laser com um 

aplicador encostado na pele por 50 minutos ininterruptos. Por fim, será avaliada a 

atividade elétrica dos músculos que são inervados pelo “nervo” que sai da medula 

bem na altura da lesão, através de um aparelho de eletromiografia, onde serão 

utilizados 4 eletrodos auto-colantes aderidos a pele através de um gel. Esta última 

avaliação será refeita imediatamente ao final do tratamento com laser e se repetirá 

após 30 dias. Todos os participantes serão sorteados aleatoriamente para fazer 

parte do grupo que receberá o tratamento real e o grupo que receberá um 

tratamento fictício, a fim de verificarmos se existe realmente eficácia no tratamento 

com laser. Porém, é importante ressaltar, que todos os participantes que forem 

sorteados para ficarem no grupo do tratamento fictício, receberão, imediatamente 

após o término do estudo, o real tratamento com laser, para que não fique em 

desvantagem em relação ao outro grupo.  

 

5. Desconforto ou Riscos Esperados: Os riscos esperados são mínimos, pois o 

participante será avaliado e receberá o tratamento em um local fechado, com a 

presença somente de um familiar (se necessário) e do pesquisador para evitar 

qualquer tipo de constrangimento. O pesquisador acompanhará o participante em 

todo trajeto a fim de evitar possíveis quedas. Explicará detalhadamente cada 

avaliação que o indivíduo participará e o tratamento que receberá, posicionando-o 

com cuidado. Durante o tratamento com laser poderá ocorrer um pequeno 

incomodo, pois o participante deverá permanecer de lado por 50 minutos, embora 

deitado o mais confortável possível. O pesquisador permanecerá durante toda a 

avaliação e a aplicação com laser com luvas descartáveis.  

 

6. Informações: O voluntário tem garantia que receberá respostas a qualquer 

pergunta ou esclarecimento de qualquer dúvida quanto aos procedimentos, riscos 

benefícios e outros assuntos relacionados com pesquisa. Também os 

pesquisadores citados assumem o compromisso de proporcionar informação 

atualizada obtida durante o estudo, ainda que esta possa afetar a vontade do 

indivíduo em continuar participando. 

Qualquer duvida os responsáveis poderão ser contatados pelos fones: Profa. Dra. 

Sandra Kalil (11) 98381-7453 ou Ft. Ms. Fernanda Cordeiro da Silva (11) 96773-

9714. Dúvidas sobre questões éticas deverão ser encaminhadas ao Comitê de 

ética e pesquisa da Uninove através do email: comiteetica@uninove.br. 

 

7. Métodos Alternativos Existentes: A pesquisa citada dispensa qualquer método 

alternativo. 

 

8. Retirada do Consentimento: o voluntário tem a liberdade de retirar seu 

consentimento a qualquer momento e deixar de participar do estudo. 
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9. Aspecto Legal: Elaborados de acordo com as diretrizes e normas 

regulamentadas de pesquisa envolvendo seres humanos atendendo à Resolução 

n.º 196, de 10 de outubro de 1996, do Conselho Nacional de Saúde do Ministério 

de Saúde – Brasília – DF. 

 

10. Garantia do Sigilo: Os pesquisadores asseguram a privacidade dos voluntários 

quanto aos dados confidenciais envolvidos na pesquisa. 

 

11. Formas de Ressarcimento das Despesas decorrentes da participação na 

Pesquisa: Serão ressarcidas despesas com eventuais deslocamentos. 

 

12. Local da Pesquisa: A pesquisa será desenvolvida nas Clínicas de Fisioterapia 

da UNINOVE, localizadas nos Campus do Memorial (Rua Dr. Adolfo Pinto, 109 – 

Barra Funda) e no Campus da Vila Maria (Rua Profa. Maria José Barone 

Fernandes, 300 – Vila Maria). 

Endereço do Comitê de Ética em Pesquisa da Uninove: Av. Francisco Matarazzo, 

nº 612 1º andar – Prédio C – Água Branca – 05001100 

3665-9310/ 3665-9309 

 

13. Nome Completo e telefones dos pesquisadores (Orientador e Alunos) para 

Contato: 

 

Orientador: Prof.ª  Drª Sandra Kalil Bussadori – Tel (11) 98381-7453 

Pesquisador:Ft. Ms. Fernanda Cordeiro da Silva – Tel (11) 96824-9579 

 

14. Consentimento pós-informação: 

 

Eu, ________________________________________________, após leitura e 

compreensão deste termo de informação e consentimento, entendo que minha 

participação é voluntária e que posso sair a qualquer momento do estudo, sem 

prejuízo algum. Confirmo que recebi cópia deste termo de consentimento, e 

autorizo a execução do trabalho de pesquisa e a divulgação dos dados obtidos 

neste estudo no meio científico. 

* Não assine este termo se ainda tiver alguma dúvida a respeito. 

 

São Paulo, ____de____________ de 20    . 

 

Nome (por extenso):______________________________________________ 

Assinatura:_____________________________________________________ 

 

1ª via: Instituição 

2ª via: Voluntário 
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7.3. Anexo 3 – Avaliação do Comprometimento Sensório motor 

(ASIA) 
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7.4. Anexo 4 – Mapa dos Dermátomos 
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7.5. Anexo 5 – Entrevista de Percepção Sensório-motora 

Programa de Doutorado em Ciências da Reabilitação 

 

Questionário Livre de Percepção Sensório-Motora 

 

Nome_____________________________________________data _________ 

 

 

1) Descreva detalhadamente quaisquer mudanças sensoriais ocorridas após a 

terapia com laser. 

 

 

 

 

 

 

2) Descreva detalhadamente quaisquer mudanças motoras ocorridas após a 

terapia com laser.  

 

 

 

 

 

 

Muito obrigada! 

 

 



79 

 

7.6 - Anexo 6 - Tabela revisão dos artigos com 

fotobiomodulação na lesão medular 

Autores 
Potencia 

(mW) 
Tempo 
(seg) 

Exposição 
Radiante 
(J/cm²) 

Energia 
Total 

(J) 

Comprimento 
de onda (nm) 

Tipo de 
estudo 

Rochkind 
et al., 
200266 

250 30’ - - 780 in vivo 

Byrnes 
et al., 
200567 

150 2,997” 1,589 - 810 in vivo 

Wu et 
al., 
200963 

150 2,997” 1, 589 - 810 in vivo 

Bohbot, 
201068 

- 20’ - - - Ensaio 

clínico 

Abreu et 
al., 
201169 

40 - 20 - 904 in vivo 

Ando et 
al., 
201370 

- 2’20” 6 - 780 in vivo 

Paula et 
al., 
201422 

- 2’20” 6 - 780 in vivo 
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7.7 -  Anexo 7 -  Artigo 1 - Protocolo 

Evaluation of sensory-motor response to photobiomodulation for the 

treatment of spinal injuries: study protocol for a randomized controlled 

trial 

Fernanda Cordeiro da Silva, Paulo Roberto da Costa Palácio, Andréa Oliver 

Gomes, Geisa Batista da Silva, Raquel Agnelli Mesquita-Ferrari, Kristianne 

Porta Santos Fernandes, Daniela de Fátima Teixeira da Silva, Sandra Kalil 

Bussadori 

Abstract 

Background:Traumatic spinal cord injury can range from mild medullary 

concussion to transient dormancy and permanent quadriplegia. The most 

common sites of this lesion are at the level of the cervical vertebrae, C5, C6 and 

C7 and at the level of the thoracic and lumbar vertebrae, T12 and L13. The 

literature is unclear as to an effective therapy to improve the quality of life of 

patients with spinal cord injury. Phototherapy is a promising resource in 

musculoskeletal injuries, so the role of this study is to assess the potential of 

phototherapy in patients with sensorimotor deficit. 

Methods/Design:A randomized controlled clinical trial that will evaluate the 

functional independence and quality of life of 30 patients who have suffered 

spinal cord injury and will undergo phototherapy treatment. The evaluations will 

be made through the WHOQOL-bref (quality of life) and Functional 

Independence Measure (MIF) and bi-weekly electromyographic analyzes. 
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Patients will be allocated to two experimental groups and evaluated before and 

at the end of treatment. 

Discussion: This is the first randomized controlled study in which the role of 

phototherapy will be evaluated in patients with spinal cord injury. The results will 

offer valuable clinical evidence for objective assessment of the potential 

benefits and risks of procedures. 

Trial registration: ClinicalTrials.gov Identifier: NCT 03031223. Registered 05 

October 2016. 

Keywords: Spinal injuries, phototherapy, quality of life. 

 

Introduction 

Spinal cord injuries have become increasingly frequent due mainly to the 

increase in urban violence. The growing number of automobile collisions and 

violence-related events merits particular attention, as such occurrences can 

lead to death or disability stemming from a spinal injury.1 The Brazilian Health 

Ministry reports the occurrence of approximately 8750 cases of spinal cord 

injuries every year, more than half of which involve young adults who were 

professionally active at the time of the injury.2 

The severity of the consequences depends on the location affected and 

degree of destruction of afferent and efferent spinal cord pathways, with higher, 

more extensive injuries leading to less physical fitness and functional 

independence.3According to the American Spinal Injury Association (ASIA), a 
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spinal cord injury can be either complete or partial and leads to a reduction in or 

loss of motor, sensory or anatomic function due to the impairment of neuronal 

elements within the spinal canal. An injury below T1 can cause paraplegia or 

paraparesis, whereas an injury above this level can cause quadriplegia or 

quadriparesis.4 

Unfortunately, injured neurons of the central nervous system are unable 

to regenerate following a spinal injury and spinal cord regeneration is therefore 

a major challenge to researchers in the fields of neuroscience and neurologia.5 

Considering this fact, many of the most interesting applications of phototherapy, 

such as low-level laser, are found in the field central and peripheral neurology. 

Upon receiving an external stimulus, the central nervous system is believed to 

adapt and reorganize itself using mechanisms to compensate for neuronal loss 

and promote, even if partially, the remodeling of remaining synaptic 

connections, leading to new neuronal sprouting.6 

According to McDonald et al.,7 the best treatment for a spinal injury is 

that which both diminishes the repercussions of the injury and stimulates the 

repair process. Low-level laser therapy (LLLT) has proven to be a possible 

option for the stimulation of the repair process in the central nervous system.8 It 

is plausible that this type of therapy can offer the same benefits previously 

established in other types of tissues, such as an increased production or 

inhibition of mediating agents involved in the inflammatory process, acceleration 

of the tissue repair process,9 stimulation of fibroblast proliferation, analgesia, a 

reduction in edema,10 the stimulation of bone formation,11 neovascularization 

and the regeneration of peripheral nerves.12 To achieve an adequate biological 
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response, it is necessary to employ the ideal radiance parameters, such as the 

proper wavelength, energy density (dose or fluence), power density (intensity) 

and operating mode, as well as a sufficient number of applications to produce 

the desired effect.13 

Research groups have investigated the efficacy of LLLT for the treatment 

of spinal cord injuries and have demonstrated that laser therapy administered 

simultaneously to an injured sciatic nerve and corresponding segment of the 

spinal cord accelerates the regeneration process of the injured peripheral 

nerve.14 According to Wu et al.15 LLLT leads to a significant improvement in 

axonal sprouting. These results suggest that phototherapy is a promising 

method in the rehabilitation process following a spinal injury. However, clinical 

trials on this subject are scarce in the literature.  

Objectives 

General objective – Evaluate the effect of photobiomodulation on the sensory-

motor response in individuals having suffered a spinal cord injury.  

Specific objectives – Investigate the maintenance of the possible sensory-

motor response through electromyographic analyses conducted before LLLT 

and as well as one, 15, 30, 45 and 60 days after the intervention; evaluate 

functional independence and quality of life in individuals having suffered a 

spinal cord injury.  

Methodology 

Participant selection:The study will be conducted at the Physical Therapy 
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Clinics of University Nove de Julho (UNINOVE) in the city of São Paulo, Brazil.  

Original hypothesis 

The low-intensity laser therapy approach appears to increase levels of β-

endorphin, lymphatic flow, and blood supply. 

Specifically, the purpose of this study is to determine if the application of low 

intensity laser with specific parameters is able to stimulate and exert positive 

effects on the motor sensory response mechanism in patients with spinal cord 

injury. 

Inclusion criteria: partial spinal injury, patients with tetraplegia or paraplegia, 

injury between C3 and L5, up to one year elapsed since injury.  

Exclusion criteria: complete spinal cord injury, cognitive impairment. 

Study design and intervention 

A randomized, placebo-controlled trial of individuals with spinal cord injury.  A 

total of 30 patients  aged between 18 and 80 years old male and femalewith the 

above requirements will be recruited. Figure 1 shows a summary of the study 

scheme. All individuals received information about the study's goals and 

procedures and signed a statement of informed consent agreeing to their 

voluntary participation. 

Patients will be randomized into experimental groups, and follow-up will be done 

at the physiotherapy clinic of the university. 
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Randomization and blinding process 

The individuals will be allocated to the different groups based on numbers 

randomly generated by a computer program.Allocation will be concealed with 

the use of sealed opaque envelopes. Each envelope will be numbered on the 

outside and will contain the name of a participant on the inside. The envelopes 

will be randomly selected using a computer program, with the formation of the 

control group first, followed by the treatment group. There will be no blindness 

during the randomization process. 

Characterization of sample 

The OriginPro 8 software (Origin Lab Corporation, USA) will be used to 

estimate the size of the sample in two groups (control and irradiated) using the 

t-test for independent samples. 

Sample Size (s) for Hypothetical Power(s) 

 

Effect Size 

f 

α err 

prob 

Power (1-

β err 

prob) 

Number 

of 

groups 

Number of 

measurements 

Total Sample 

size 

0,25 0.05 0.80 2 
2 

 
30 

Data extracted from reference article by Prates et al. (2015): “Clinical and 

electromyographic evaluation of mastication within different facial growth 

patterns”  

(Figure 1) 
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Experimental protocol 

The volunteers will be randomly allocated to a control group or treatment group. 

Evaluations will be conducted before and after the intervention using 

electromyography of the myotome corresponding to the injured spinal nerve 

root.  

PHOTOTHERAPY:The treatment group will receive phototherapy following the 

protocol outlined below- LLLT protocol – Based on Byrnes et al.16 and Holanda 

et al.,17 radiance will be administered to the injury site transcutaneously at a 

wavelength of 808 nm using a Twin Flex Evolution diode laser (MMO 

Equipment Opto-Eletronicos, Brazil). Twelve sessions will be held (three per 

week over four weeks) using the parameters described in Table 1. According to 

the literature, this dose is capable of enhancing functional recovery following an 

injury.18 

(Table 1) 

Sensory-Motor Evaluation 

Sensitive Assessment (ASIA)8,9 

Sensory evaluation will be done for pain and mild touch. The pain will be 

evaluated by stimulating itself with a delicate pin and the feel assessed with 

light touch with a cotton ball. (Figure 1) 

For Pain (pinned), the result will be classified as: 2 - normal, 1 - impaired (there 

is no difference between the sting vigorous and light) but there is the painful 

sensitivity; 0 - no sensitivity. 
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• For light touch, the result will be classified as: 2 - Sensitivity in body and face 

are equal; 1 - There is sensitivity, but it is smaller than the touch on the face; 0-

no sensitivity. 

The following dermatomes (and their references) will be evaluated: 

• C2 - Occipital behind the ear 

• C3 - Supraclavicular fossa 

• C4- Acromioclavicular joint 

• C5 - lateral border of the antecubital fossa 

• C6 - Dorsal surface of the proximal phalanx of the thumb 

• C7 - Dorsal surface of the proximal phalanx of the middle finger 

• C8 - Dorsal surface of the proximal phalanx of the little finger 

• T1- Medial border of the antecubital fossa 

• T2- Armpit apex 

• T4- Clavicular midline, 4th intercostal space, nipple line 

• T6 - Xiphoid 

• T10 - Navel 

• T12 - Inguinal ligament midline 
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• L1- Midpoint between T12 and L2. 

• L2 - Medial face of the thigh, in the middle of an imaginary line between the 

midpoint of the inguinal ligament and the medial condyle of the femur. 

• L3 - Medial femoral condyle, above the knee. 

• L4- Medial malleolus 

• L5 - Back of the foot at the third MTP joint • S1 - lateral edge of the heel 

• S2 - Popliteal fossa 

• S3 - sciatic tuberosity 

• S4.5 - perianal region 

Motor Assessment (ASIA)8,9 

The motor assessment will be performed by grading muscle strength at 0-5 

(according to the Medical Research Council Scale for Muscle Strength), 0 - 

paralysis, 1 - movements present and without overcoming gravity, 2 - 

Movement in full amplitude with The severity eliminated, 3 - complete series 

against gravity, 4 - against some resistance and 5 - against total resistance. If a 

muscle can not be tested, it is defined as NT (Non tested). (Figure 2) 

The main muscles are chosen because they are innervated by 2 myotomes. By 

convention, if the muscle has at least grade 3, the above muscle is considered 

normal. Myotomes will be assessed as defined by ASIA, as follows: 
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• C5 (biceps) - Rest the patient's hand on the abdomen and ask to move the 

hand to the nose to eliminate gravity. Then ask the patient to flex against gravity 

and keep moving. If the patient is able to perform the movement, support the 

shoulder and apply resistance. 

• C6 (wrist extensor) - have the patient move the wrist upward. Next patient ask 

to move the handle up and keep. Afterwards, push the handle down. 

• C7 (triceps) - rest the patient's hand on the abdomen and ask to stretch the 

arm, now ask the patient to bend the arm and hold the hand close to the ear; If 

there is normal movement, support the elbow and push the arm down, testing 

against resistance (do not let patient use scapular action). 

• C8 - separate the middle finger, immobilize the proximal interphalangeal joint, 

and grasp the metatarsophalangeal joint. Ask the patient to bend the finger to 

the sides. 

Now ask to fold up and hold it. Now try straightening your finger and tell the 

patient to resist their resistance action. 

• T1 (abductor of the little finger) - Hold the patient's hand and ask him to try to 

move the little finger outward. Feel the movement presence. Now ask the 

patient to try to move the finger out and keep it there. Then test the resistance 

against resistance by opposing the movement of the V finger. 

• L2 (iliopsoas) - With the patient in the supine position, bend the thigh of the 

patient to the belly. Ask the patient to redo the movement and feel the 

movement. Lift the thigh of the bed to avoid friction and in neutral position ask 
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the patient to bend the thighs up to 90 degrees and hold there. If possible, 

stabilize the other thigh and press the side to be tested to assess the strength 

against resistance. 

• L3 (quadriceps) - raise the leg of the bed to avoid friction and in the patient's 

part to extend the knee and hold it there. Now try to push the knee down, and 

evaluate the movement against resistance. 

• L4 (ankle dorsiflexors) - Ask the patient to put the foot toward the knee. Ask 

the patient to repeat the movement and hold the foot in position. Now push 

down the ankle for evaluation of movement against resistance. 

• L5 (Longus extensor) - Have the patient bring Hallux toward the knee. Now 

ask him to hold it there, and then push down the toe, supporting the ankle and 

testing against resistance. 

• S1 (plantar flexors) - Ask the patient to press the foot toward the ground as an 

accelerator. Now flex the thigh to the abdomen and flex the leg over the thigh to 

rest the foot on the bed. Ask the patient to lift the heel out of the bed. Finally ask 

the patient to press down on his hand as an accelerator. 

(Figure 2) 

Electromyography 

The EMG signal will be obtained by a 4 channel acquisition system (EMG 432 

C) from EMG System do Brasil Ltda., Consisting of a signal conditioning 

module, bipolar active electrodes, analog band pass filter from 20 to 500 Hz and 

common mode Rejection rate of 120 dB. The sample acquisition frequency of 
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the signal will be 2 kHz, scanned by A / D (analog-digital) conversion board with 

16 bits resolution and the acquisition program was EMGLab (EMG System do 

Brasil Ltda.). The electrodes used will be active bipolar, with a pre-amplification 

of 20 x. 

For the capture of the EMG signal of the muscles), will be used self-adhesive 

disposable surface electrodes and Ag / AgCl type (Nexoran), with a diameter of 

10 mm, fixed in the muscular womb in the region that presents greater tonus. 

The electrodes will be fixed after cleaning with 70% alcohol, to decrease the 

impedance between the skin and the electrodes. At the inter-electrode distance 

was 20 mm between the centers, as suggested by SENIAM (Society European 

Recommendations for Surface Electromyography) (FRERIKS, 2000). As a 

reference, an electrode will be used in the left hand of the volunteers to prevent 

the effect of interference from external noise. 

The EMG activity of the muscles will be verified in three conditions: i) rest; Ii) 

isometry (CVM) and iii) isotonia. For the data collection, the individuals will 

remain in the signaled positions according to SENIAM to collect the 

electromyographic signal. 

The first condition to be collected will be at rest, later the isometry (CVM) will be 

collected and, finally, the isotonic collections will be performed. All collections 

will be extracted with a cut of 1 second before and 1 second after the center of 

the electromyographic signal. 

For the normalization of the electromyographic data, the average of the values 

obtained in three collections with maximum voluntary contraction (CVM) will be 



92 

 

used, using the muscular function test suggested by Kendall (1993). The 

collection time for each muscle portion will be 10 seconds, always respecting a 

rest interval of 2 minutes between each collection, to avoid the effects of 

fatigue. 

(Figure 3) 

Functional Independence Measure (MIF) 

The following descriptions and procedures were stipulated according to the 

original version of the manual "Guide For the Uniform Data Set for Medical 

Rehabilitation - version 5.1", 1997 - version translated and validated in Brazil by 

Ribeiro et al. 

In Table 3 the MIF scale is represented, it is organized in two dimensions, motor 

and cognitive, subdivided into categories with 18 items, defined to evaluate the 

independence of the individual in performing satisfactorily and effectively basic 

activities. 

Quality of Life Questionnaire (WHOQOL-bref)65 

All 26items WHOQOL-BREF are based on a five-point Likert Scale. Among 

these items, 24 items are grouped into four domains of quality of life: physical 

health (7 items), psychological well-being (6 items), social relations (3 items) 

and environment (8 items). In addition, two other items are examined 

separately. An item is an individual's overall perception of quality of life and the 

other is the general perception of an individual's own health. WHOQOL-BREF 
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demonstrates satisfactory internal consistency and validity among patients with 

LM. (Table 4). 

Statistical Analysis 

The data will be tabulated and treated using the SPSS 20.0 program for 

WindowsTM. The data will be submitted to descriptive statistical analysis. The 

chi-square test and Fisher’s exact test will be used to establish the associations 

of the categorical variables. The Student’s t-test will be used for the comparison 

of mean electromyographic signals. Pearson’s correlation coefficients will be 

calculated for the analysis of the correlation of the continuous variables. The 

level of significance will be 95% (p < 0.05).19 

Ancillary and post-trial care: At the end of the study, all volunteers allocated 

to the control group will receive LLLT with the same protocol administered to the 

treatment group to avoid any inequality regarding treatment among the 

individuals.  

Discussion 

The biological challenge comprises a number of aspects involved in 

regeneration, including the response of the cell body next to the lesion, the 

regenerating axon and its ability to find its way in a complex cellular and 

molecular environment as well as changes that occur in the segment of the 

distal nerve Chronically denervated and in the target organ distal to the lesion 

18. 
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Analyzing this gap, many of the most interesting applications of light 

therapy through LBI are in the field of neurology (central and peripheral). In 

addition, in the peripheral nervous system LLLT can be used effectively for 

nerve regeneration and pain relief.Numerous experimental and clinical studies 

suggest that laser therapy modulates cellular metabolic processes, which leads 

to an increase in the regenerative potential of biological tissues, mitochondrial 

functionality, resulting in a greater capacity for regeneration and tissue healing, 

besides not provoking degenerative action on irradiated specimens. According 

to Henriques et al. 33, laser light stimulates cells that are growing poorly at the 

time of irradiation. So if the tissue is fully functional at the time of irradiation, 

there is nothing for the stimulate laser irradiation and no therapeutic effect will 

be observed, however if the tissue is damaged, the laser irradiation will attempt 

to normalize cellular function, restore homeostasis and stimulate the healing 

and repair33.. 

This is the first randomized controlled trial in which the role of 

phototherapy will be evaluated in patients with spinal cord injury. In order to 

obtain the appropriate biological response it is necessary to achieve the ideal 

radiation dose with the correct wavelength and the number of applications 

sufficient to produce the desired effect. 

Trials status: We are currently recruiting volunteers and doing the initial 

evaluations. 

Abbreviations 

EMG: Electromyography 
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ASIA:American Spinal Injury Association 

LLLT: Low Level Laser Therapy 
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Figure 1. Trial scheme 
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Table 1. Laser parameters 

 

Figure 2. Standardization of the Neurological Classification of Spinal Cord Injury 
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Figure 3. Electromyography protocol 
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7.8. Anexo 8 -  Artigo 2 -  

Photobiomodulation improves motor response in patients with spinal 

cord injury submitted to electromyographic evaluation: randomized 

clinical trial 

Fernanda Cordeiro da Silva, Andréa Oliver Gomes, Paulo Roberto da Costa 

Palácio, Fabiano Politti, Daniela de Fátima Teixeira da Silva, Raquel Agnelli 

Mesquita-Ferrari, Kristianne Porta Santos Fernandes, Sandra Kalil Bussadori 

 

Abstract 

Background: Photobiomodulation is a treatment that has been widely used in 

neurotrauma and neurodegenerative diseases. In the present study, low-level 

laser therapy was administered to patients with spinal cord injury. 

Methods: Twenty-five individuals were divided into two groups: placebo 

photobiomodulation plus physiotherapy and active photobiomodulation plus 

physiotherapy. Electromyographic evaluations were performed before and after 

12 sessions of phototherapy as well as 30 days after the end of treatment. 

Results: In the active phototherapy group, median frequency values of the 

brachial biceps and femoral quadriceps muscles were higher at rest and during 

isotonic contraction 30 days after photobiomodulation (p = 0.0258). No 

significant results were found regarding the rest and isotonic conditions in the 

pre-photobiomodulation period (p = 0.950) or immediately following 

photobiomodulation (p = 0.262).  

Conclusion: The data provide evidence that phototherapy improves motor 

responses in individuals with spinal cord injury, as demonstrated by differences 

in the EMG signal before and after treatment. 

Trial registration:  NCT 03031223. 
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Introduction 

Spinal cord injury (SCI) can lead to paraplegia or quadriplegia, exerting a 

significant impact on quality of life and life expectancy as well as economic 

burden in the form of the considerable costs associated with primary care and 

the loss of income [1]. 

The regenerative process after the occurrence of SCI is very complex 

and current therapeutic approaches fail to promote functional recovery. 

However, it is generally agreed that it is essential to modulate the initial 

inflammatory process and control secondary tissue loss related to SCI in order 

to offer a more appropriate environment for the stimulation of neuroplastic 

processes [2,3]. 

Although there are no fully restorative treatments for SCI, many 

rehabilitative, cellular and molecular therapies have been tested using animal 

models. Among these treatments, the stimulatory effects of photobiomodulation 

on biological tissues have been highlighted [1, 2]. Photobiomodulation has been 

found to stimulate mitochondrial activity/function as well as increase the 

synthesis of ATP, the amount of reactive oxygen species and the activity of 

cytochrome c oxidase [5]. As the mechanism of photobiomodulation is proposed 

to rest on the absorption of photons by cytochrome c oxidase (CCO), which is 

the terminal enzyme in the mitochondrial respiratory chain that catalyzes the 

reduction of oxygen to energy metabolism, an increase in CCO activity 

translates to greater oxygen uptake and energy metabolism is produced 

through mitochondrial oxidative phosphorylation. As CCO is an inducible 

enzyme, a longer metabolic effect is achieved by the concentration of CCO 

regulated by LLLT, which improves the capacity for the metabolism of cellular 

oxygen. As neurons are highly dependent on the metabolism of oxygen, this 

photon-bioenergetic effect results in metabolic and hemodynamic changes that 

facilitate neuronal functioning. A previous study involving neuron cultures 

demonstrated that the most effective wavelengths were near the infrared band, 

parallel to the absorption peaks of CCO, demonstrating that the effects of 
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phototherapy on CCO depend on the wavelength of the laser used for 

stimulation [17, 18]. 

Using an experimental SCI model in rats, Song et al. [3] found that 810 

nm laser altered the polarization state to an M2 tendency, reporting the potential 

for reducing inflammation, regulating macrophage/microglia polarization and 

promoting neuronal survival. Also using an experimental SCI model in rats, Wu 

et al. [4] found that low-level laser therapy (LLLT) (810 nm, 150 mV, 1589 

J/cm²) increased axonal regeneration and improved functional recovery. 

An important systematic review reports that all studies involving animal 

models demonstrate the positive results of phototherapy with regard to spinal 

tissue regeneration and functional improvement. The only study involving 

humans showed that the combination of cell transplantation and laserpuncture 

(irradiation at acupuncture points rather than at the injury site) was able to 

promote some voluntary activity below the level of the SCI. Different laser 

parameters, such as different wavelengths, produce similar results, but the 

variety of parameters shows the lack of standardization in studies, making it 

difficult for researchers and clinicians to know which parameters to employ [5]. 

To enable a better evaluation of the motor response in muscles, 

electromyography (EMG) has been employed as an important complementary 

method that captures information on the electrical activity of muscles of interest. 

EMG can assist in the determination of ducts, demonstrate results obtained 

through specific therapies and offer information on different forms of muscular 

contraction [6, 12]. 

The main question guiding the present study regards possible 

modifications in the behavior of muscles affected by spinal cord injury submitted 

to photobiomodulation with regard to electrical activity and muscle contraction, 

starting from the hypothesis that such modifications would be expected. 

 

Methods 

This study received approval from the Human Research Ethics Committee of 

the university under protocol CAAE: 56952716.2.0000.5511. All participants or 

their legal guardians received clarifications regarding the objectives and 
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procedures of the study and those agreeing to participate signed a statement of 

informed consent. 

Recruitment: Individuals were recruited from the physical therapy clinics of 

University Nove de Julho (São Paulo, Brazil) as well as spinal injury 

associations.  

Inclusion criteria: Partial spinal injury, patients with quadriplegia or paraplegia, 

injury between C3 and L5 and up to one year elapsed since the injury and ASIA 

B, C and D. 

Exclusion criteria: Complete spinal cord injury, cognitive impairment, ASIA A 

and E. 

Randomization and blinding procedures 

Individuals were allocated to different groups based on numbers randomly 

generated by a randomization site (randomization.com). Allocation was 

concealed with the use of sealed opaque envelopes. Each envelope was 

numbered and contained the name of a participant. The envelopes were 

randomly selected using the randomization site, with the formation of the control 

group (placebo photomodulation plus physiotherapy) or PBM group (active 

photobiomodulation plus physiotherapy). EMG evaluations were performed 

before and after the intervention as well as 30 days after the end of treatment.  

Physiotherapy protocol 

All individuals in both groups underwent physiotherapy at the Physiotherapy 

Clinics of Nove de Julho University prior to receiving photobiomodulation. Forty-

minute sessions of conventional physiotherapy (stretching, strengthening, 

sensory training and proprioceptive training) were held three times a week for 

four weeks.  

Experimental protocol 
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Thirty-three individuals with spinal cord injury were recruited. Eight individuals 

were excluded: two patients had a diagnosis of complete spinal cord injury and 

the other six patients did not complete the phototherapy protocol. A larger 

number of patients were recruited than the minimum number determined by the 

sample calculation to compensate for possible losses of individuals during the 

study. The volunteers were randomly allocated to either the control group or 

treatment group. Evaluations were conducted before and after the intervention 

using electromyography to assess the motor response. 

The phototherapy protocol was the same for both groups. The individuals were 

placed in lateral decubitus. The spinal injury was located through palpation of 

the transverse processes of the vertebrae. The operator placed the laser tip in 

contact with the skin at the previously marked spot. The device emits the same 

sound delineating the beginning and end of stimulation, giving the patient sound 

stimuli, but no irradiation was emitted in the placebo group.  

Figure 1. Flowchart 
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Baseline evaluation 

Randomization 

PBM Group (n = 13) 

Phototherapy + physiotherapy 

(12 sessions) 

Control Group (n = 12) 

Placebo phototherapy + 

physiotherapy (12 sessions) 

 

Excluded (n = 8) 
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The treatment group received phototherapy using a protocol based on Byrnes 

et al. [10] and Holanda et al.11 Irradiation was administered transdermally to the 

injury site at a wavelength of 808 nm using a Quantum diode laser (Ecco Fibras 

e Dispositivos, Brazil). Twelve sessions were held (three per week over four 

weeks) using the parameters described in Table 1. According to the literature, 

this dose is capable of enhancing functional recovery following an injury.18 

Table 1 – Laser parameters  

Parameter Infrared laser 

Center wavelength [nm] 808 

Spectral bandwidth [nm] 10 

Operating mode Continuous 

Average radiant power 
[mW] 

120 

Polarization Random 

Aperture diameter [cm] 0.18 

Irradiance at aperture 
[W/cm2] 

4.72 

Beam spot size at target 
[cm2] 

0.0254 

Irradiance at target [W/cm2] 4.72 

Exposure duration [s] 208 (per point) 

Radiant exposure [J/cm2] 983 (per point) 

Final evaluation 

EMG evaluation immediately after intervention 

EMG evaluation 30 days after end of intervention 
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Energy density at aperture 
[J/cm2] 

983 (per point) 

Radiant energy [J] 25 (per point) 

Number of points irradiated 5 

Area irradiated [cm2] 0.0254 

Application technique Contact 

Number and frequency of 
treatment sessions 

Three per week 
over four 

weeks (12 
sessions)  

 

Electromyography  

 The EMG signals were captured using a four-channel acquisition system 

(EMG 432 C, EMG System do Brasil Ltda.) consisting of a signal conditioning 

module, bipolar active electrodes, analog  band pass filter from 20 to 500 Hz 

and common mode rejection ratio of 120 dB. The sampling frequency was 2 

kHz, scanned using analog/digital (A/D) conversion board with 16 bits of 

resolution. The acquisition program was the EMG Lab (EMG System do Brasil 

Ltda.). Active bipolar electrodes with 20-fold pre-amplification were used. After 

cleaning the skin with 70% alcohol to decrease impedance, self-adhesive 

disposable Ag/AgCl surface electrodes (Nexoran) with a diameter of 10 mm 

were attached to the belly of the muscle in the region of greatest tonus. The 

inter-electrode distance was 20 mm center to center, as suggested by the 

European Society Recommendations for Surface Electromyography (SENIAM) 

(FRERIKS, 2000). The electrodes were placed on the right brachial biceps 

muscle in quadriplegic patients and the right femoral quadriceps muscle in 

paraplegic patients. As reference, an electrode was placed in the left hand of 

the individuals to prevent the effect of interference from external noise. 

 The EMG activity of the muscles was determined under three conditions: 

i) rest, ii) isometric contraction (maximum voluntary clenching – MVC) and 
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isotonic contraction. The individuals were placed in the positions recommended 

by SENIAM to collect the EMG signals. The resting signal was collected first, 

followed by isometric contraction and finally isotonic contraction. All readings 

were extracted with a cut of one second before and one second after the center 

of the EMG signal. For the normalization of the EMG data, the mean of three 

MVC readings was used, employing the muscle function test suggested by 

Kendall (1993). Each reading lasted 10 seconds, always respecting a rest two-

minute interval between conditions to avoid the effects of fatigue (Figure 2). The 

individuals were asked to perform isometric contraction for the purposes of 

normalizing the EMG signal. However, as some individuals did not exhibit 

visually perceptive contractions, it was not possible to use this evaluation. Thus, 

the electromyographic response was evaluated based on median frequency.  

Figure 2. Electromyography protocol 

 

 

 

 

Statistical analysis 

The level of significance for all statistical tests was α = 5%. The 

Anderson-Darling test was used to determine the normality of the data, which 

proved to be not normally distributed, requiring nonparametric tests. Thus, the 

Kruskal-Wallis was used to determine difference between groups and the 

Mann-Whitney test was used for the analysis of the variables within the same 

group.  
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Three readings at 
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between readings 

Three readings of 

ISOMETRIC 

CONTRACTION (10 
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pause between 

readings 

 

Three readings of 
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CONTRACTION (10 

s) with 3-minute 

pause between 

readings 
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Results 

Table 2 – Characterization of sample  

Gender Frequency Percent 

Male 22 88.0 

Female 

Level of Injury 

3 12.0 

Paraplegic 16 64.0 

Quadriplegic 9 36.0 

Groups   

Control 

Laser 

12 

13 

48.0 

52.0 

 

Median frequency values of the EMG signals were compared to determine 

differences between the control and laser groups under the conditions of rest 

and isotonic contraction. Fig. 3 displays the results expressed in median and 

interquartile range (25 to 75%).  

In the intra-group analysis of the laser group, median frequency values of the 

brachial biceps and femoral quadriceps muscles were higher at rest and during 

isotonic contraction 30 days after photobiomodulation (p = 0.0258; Mann-

Whitney test). No significant results were found regarding the rest and isotonic 

conditions in the pre-photobiomodulation period (p = 0.950) or immediately 

following photobiomodulation (p = 0.262).  
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Fig 3 – Median (25%, 75% quartile) of median frequency recorded at rest and 

during isotonic contraction before (pre), immediately after treatment (time 0) and 

30 days after treatment (time 30).  Letter “a” indicates statistically significant 

difference (p = 0.0258). 

 

Figure 4 – Proportion between paraplegic and quadriplegic patients (histogram) 

The proportion between paraplegia and quadriplegia was compared between 

groups using the chi-square test corrected by Fisher’s exact test, with the level 
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of significance set at α = 5%. No significant difference was found between 

groups (p = 0.0730) (Figure 4). 

 In the intra-group analysis of the control group, no statistically significant 

results were found regarding the rest and isotonic conditions in the pre-

photobiomodulation period (p = 0.850), immediately after photobiomodulation (p 

= 0.226) or 30 days after photobiomodulation (p = 0.184). 

 In the intergroup analysis (Kruskal-Wallis test), no statistically significant 

differences were found at rest immediately after photobiomodulation (p = 0.934) 

or 30 days after photobiomodulation (p = 0.900). Moreover, no statistically 

significant differences were found during isotonic contraction immediately after 

photobiomodulation (p = 0.542) or 30 days after photobiomodulation (p = 

0.850).  

Discussion 

 Skeletal muscles are innervated by inferior motor neurons from the 

ventral horn of the spinal cord. The axions of these neurons form the ventral 

roots, which join with the dorsal roots (that transmit sensory information) and 

either form mixed spinal nerves or project through spaces between the 

vertebrae. The inferior motor neurons are classified as alpha and gamma and 

are responsible for the innervation of muscle fibers and the generation of force 

by muscles. A motor unit is formed by the motor neuron and the extrafusal 

muscle fibers that the neuron innervates; the number of muscle fibers that 

compose a motor unit varies depending on the muscle and its specialization in 

the composition of a given movement [6, 7]. 

 When a motor unit is activated, the muscle contracts and action 

potentials are generated that can be captured and recorded with the use of 

electromyography. In this exam, the sum of the potentials are transformed into 

analog signals (graphs) that represent the discharge of all muscle fibers 

pertaining to the alpha motor unit [6, 7, 12]. 
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 In the investigation of the force or velocity of a muscle contraction, the 

amplitude of the EMG signal can be affected by factors that are not relevant to 

the production of force, such as the shape of the wave of the action potential of 

the motor unit. Moreover, the non-linear relationship between the response size 

and amplitude of the rectified EMG signal as well as changes in the amplitude 

of movement of the signal due to cancelling limit the possibility of using the 

amplitude of the EMG signal as a variable to indicate the specific characteristics 

of the brachial biceps and femoral quadriceps muscles evaluated in the present 

study. Another disadvantage of analyses in the time domain is the need to 

record an additional EMG signal during the maximum volumetric period that can 

serve as a parameter for the normalization of the crude EMG signal [12]. Many 

studies in the literature use the median frequency (MDF) to investigate muscle 

fatigue. This index can also be used to investigate other muscle phenomena. 

Due to the difficulty many patients have in performing voluntary muscle 

contractions, we used MDF as the parameter, since the root mean square 

(RMS) amplitude requires normalizing the signal by maximum voluntary 

contraction. 

 Few studies have addressed the use of phototherapy in cases of SCI. 

Paula et al. [13] found faster motor evolution in rats with spinal contusion 

submitted to phototherapy, with the maintenance of the effectiveness of the 

urinary system, the preservation of nerve tissue in injured areas, inflammation 

control and an increased number of nerve cells and connections. Using a spinal 

cord crush injury model in rats, Song et al. [3] found that phototherapy altered 

the polarization state to a tendency toward M2 and increased levels of 

interleukin 4 and interleukin 3, demonstrating the potential to reduce 

inflammation, regulate macrophage/microglia polarization and promote neuronal 

survival.  

 Only one study involving human subjects was conducted to evaluate the 

capacity of cell transplantation (olfactory ensheathing glia [OEG]) combined with 

Laserpuncture® with regard to restoring voluntary muscle activity below the 

level of the injury [14]. Three clinical cases (two men and three women aged 25 

to 37 years) of SCI between T4 and T9 classified as paraplegics were analyzed. 
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Several months after being submitted to OEG transplantation, the patients 

underwent 40 to 57 sessions of laserpuncture involving infrared laser applied to 

eight points following the paths of the acupuncture meridians (kidneys, 

stomach, Ren Mai and Dai Mai in the anterior region of the body and Chong 

Mai, bladder and Daí Mai in the posterior region of the body as well as over 

dermatomes that are not part of classic acupuncture). Twenty-minute sessions 

were held twice a day (morning and afternoon) five days a week with an interval 

of eight weeks between each two sets of sessions (each ten sessions). The 

Laserpuncture® properties and parameters were not divulged due to the 

proprietary nature of the technique. For the evaluation of muscle activity, 

adhesive electrodes were attached to the skin 15 cm above the patella on the 

belly of the right and left quadriceps muscles. The results suggest some degree 

of voluntary muscle contraction below the level of the injury in the three 

individuals.  

 This is the first randomized controlled study in which the role of 

phototherapy was evaluated in patients with spinal cord injury. The results 

demonstrate that phototherapy stimulated the injured tissue, achieving an 

improved motor response. The EMG data demonstrate a difference in 

comparison to the pre-intervention evaluation, with higher MDF values at rest 

and during isotonic contraction 30 days after the end of treatment. MDF is 

related to the firing and synchronism of motor units. An increase in MDF 

indicates either an improvement in the firing synchronism of the motor units or 

an increase in the firing frequency of the motor units. Thus, LLLT may 

contribute to an improvement in motor recruitment. 

 The activity of a motor neuron is controlled by three pathways that 

modulate different aspects of its activity. The first pathway is formed by ganglion 

cells of the dorsal root that inform the length of the muscle innervated by the 

alpha neuron. The second pathway is important to the initiation of the control of 

voluntary movement that stems from motor neurons of the brainstem and motor 

cortex. The third pathway is composed of interneurons of the spinal cord and is 

responsible for spinal motor programs [6,7]. One may suggest that 

phototherapy in the present study promoted the firing of motor neurons through 
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the early activation of the third pathway of inferior motor neurons, as 

demonstrated by the increase in the median frequency of the EMG signal. In a 

scan of the literature, we found no studies that employed median frequency 

analysis in patients with SCI.  

 The findings of this initial investigation demonstrate that phototherapy 

exerted positive effects on the behavior of motor function, especially at rest and 

during isotonic contraction of the muscles stimulated. It therefore appears that 

long-term phototherapy could result in improvements in the motor function of 

affected limbs. As this is the first randomized clinical trial involving patients with 

SCI submitted to photobiomodulation, further studies should be developed to 

furnish more information and evaluate the effects of phototherapy on 

neuroplasticity following a spinal cord injury. 

Conclusion 

In the present study, phototherapy was effective at promoting a motor response 

in individuals with spinal cord injuries, as demonstrated by the 

electromyographic analysis. Studies investigating the effects of different laser 

parameters on spinal cord recovery are important to determining the 

effectiveness and safety of laser irradiation as well as the treatment parameters 

necessary for stimulation. 

 

Ancillary and post-trial care – At the end of the study, all volunteers allocated 

to the control group received phototherapy with the same protocol administered 

to the treatment group to avoid any inequality regarding treatment among the 

individuals. 

Competing interests – The authors declare no conflicts of interest.  
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study, low-level laser therapy was administered in cases of spinal cord injury to 

investigate the sensory responses and perceptions of patients. 

Methods/Design: Twenty-five patients were divided into two groups: placebo 

controlled plus physiotherapy and photobiomodulation plus physiotherapy. 

Photobiomodulation was performed three times per week for a total of 12 

sessions. The control group was submitted to sham photobiomodulation. All 

individuals were evaluated using the ASIA scale and a sensory perception 

questionnaire before, immediately after and 30 days after photobiomodulation. 

The data were analyzed statistically, with a p-value < 0.05 considered indicative 

of statistical significance.  

Results: Thirteen types of sensory-motor changes were reported, with a 

significant difference between groups regarding “trace contractions” (p = 0.041). 

In the intragroup analysis of the photobiomodulation group, statistically 

significantly differences were found between the pre-intervention and follow-up 

evaluations (p = 0.004) as well as between the post-intervention and follow-up 

evaluations (p = 0.009), but no significant differences were found between the 

pre-intervention and post-intervention evaluations (0.621). No significant 

differences were found in the control group between any of the evaluation 

times.  

Conclusion: The results offer valuable clinical evidence for the objective 

evaluation of the potential benefits and risks of such procedures and 

demonstrate that photobiomodulation is a promising, noninvasive, effective 

approach for the treatment of sensory-motor alterations in patients with spinal 

cord injuries.  

Trial registration:  NCT 03031223. 

Keywords: Spinal Injury, Phototherapy, Sensory Thresholds, Sensory 

Deprivation. 
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Background  

Spinal injury is a devastating condition with physical, emotional, 

psychological, social and financial repercussions for affected individuals and 

their families.1,2 This type of injury impedes the performance of functional 

activities due to the partial or complete interruption of ascending sensory and 

descending motor pathways.3,4  

Following a spinal cord injury, the superior centers (such as the cerebral 

cortex) become disconnected from circuits below the level of the injury, 

including central pattern generators, which are responsible for coordinating 

activities of locomotion.5,6 This disconnection results in the death of diverse 

neurons in and around the injury.5 The conduction of sensory and motor 

information is affected by the interruption of ascending and descending spinal 

tracts, respectively. This leads to the loss of the adequate perception of sensory 

stimuli (epicritical and protopathic sensations) and imprecision in the 

organization of motor behavior.4  

The sensations of pressure, touch, vibration and pain are extremely 

diminished when the dorsal columns of the spinal cord are affected. The 

individual becomes incapable of discriminating different sensations and the 

characteristics of these sensations, such as frequency, duration and intensity. 

This has a direct negative impact on motor control, which depends on sensory 

feedback.7  

The American Spinal Injury Association (ASIA) defines a spinal cord 

injury as a reduction in or loss of motor and/or sensory and/or anatomic 

function. Such injuries can be complete or incomplete, depending on the degree 

of impairment of the neuronal elements within the vertebral canal. The 

manifestation of the injury is classified as paraplegia or paraparesis if the injury 

is below the T1 level and quadriplegia or tetraparesis if the injury is above this 

level.8  

ASIA created an impairment scale based on the type of injury (complete 

or incomplete) to classify spinal injuries in the following manner: ASIA A: 

complete injury, absent motor and sensory function at S4-5. ASIA B: incomplete 
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injury, intact sensory function, but absent motor function below the neurological 

level of the injury and inclusion of the S4-5 level. ASIA C: incomplete injury, 

intact motor function below the level of the injury and more than half of the key 

muscles below the neurological level with muscle grade less than 3 on a scale 

of zero to 5. ASIA D: incomplete injury, motor function intact below the level of 

the neurological injury and more than half of the key muscles below this 

neurological injury with a muscle grade equal to or greater than 3. ASIA E: 

normal, motor and sensory functions intact.9 

Upon receiving an external stimulus, the central nervous system adapts 

and reorganizes itself using mechanisms to compensate for the neuronal loss 

and promote, even if partially, the remodeling of connections and new neuronal 

sprouting.10,11 Unfortunately, injured neurons in the central nervous system are 

unable to regenerate after a spinal cord injury and this continues to pose a 

challenge to neuroscience and neurology.12 Considering this gap in knowledge, 

many of the most interesting light therapies using photobiomodulation are in the 

field of neurology (central and peripheral).  

The aim of the present study was to investigate the sensory response 

and perception of the patients with spinal cord injuries submitted to 

photobiomodulation therapy.  

 

Material and Methods 

This study received approval from the Human Research Ethics 

Committee of the university (certificate number: 56952716.2.0000.5511). All 

participants or their legal guardians received clarifications regarding the 

objectives and procedures of the study and those agreeing to participate signed 

a statement of informed consent. 

Recruitment: Individuals were recruited from the physical therapy clinics of 

University Nove de Julho (São Paulo, Brazil) as well as spinal injury 

associations.  
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Inclusion criteria: Partial spinal injury, patients with quadriplegia or paraplegia, 

injury between C3 and L5, up to one year elapsed since the injury and ASIA B, 

C and D. 

Exclusion criteria: Complete spinal cord injury, cognitive impairment, ASIA A 

and E. 

Randomization and blinding procedures 

The participants were allocated to different groups based on numbers 

randomly generated using a randomization site (randomization.com). Allocation 

was concealed with the use of sealed opaque envelopes. Each envelope was 

numbered and contained the name of a participant. The envelopes were 

randomly selected with the formation of the control group first (placebo 

controlled plus physiotherapy group), followed by the photobiomodulation plus 

physiotherapy group.  

Experimental protocol 

 Thirty-three patients with spinal cord injury were recruited. Eight patients 

were excluded: two patients had a diagnosis of complete spinal cord injury and 

the other six patients did not complete the phototherapy protocol. A larger 

number of patients were recruited than the minimum number determined by the 

sample calculation to compensate for possible dropouts during the study. The 

volunteers were randomly allocated to either the placebo controlled plus 

physiotherapy group (PC+P) or photobiomodulation plus physiotherapy group 

(P+P). Evaluations were conducted before and after the intervention using the 

ASIA scale for the evaluation of dermatomes and myotomes as well as a 

sensory-motor perception questionnaire.  

Physiotherapy protocol 

All individuals, both the Placebo Controlled Group and the Photobiomodulation 

Group, underwent physiotherapy at the Physiotherapy Clinics of Nove de Julho 

University prior to receiving the photobiomodulation. There were 40 minutes 

sessions, three times a week for four weeks where conventional physiotherapy 
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was performed, such as: stretching, strengthening, sensory and proprioceptive 

training.  

  

Figure 1. Flowchart 

 

 The treatment group received phototherapy using a protocol based on 

Byrnes et al.13 and Holanda et al.14 Irradiation was administered to the injury 

site transcutaneously at a wavelength of 808 nm using a Quantum diode laser 

(Ecco Fibras e Dispositivos, Brazil). Twelve sessions were held (three per week 

over four weeks) using the parameters described in Table 1. According to the 

literature, this dose is capable of enhancing functional recovery following an 

injury.15 

Table 1 – Laser parameters  

 

Sensitivity was evaluated using the ASIA impairment scale based on the 

type of injury (incomplete or complete) and sensory-motor function.8 Two types 

of surface sensitivity were analyzed: pain and light touch. Pain was evaluated 

through stimulation with a sharp pin and light touch was evaluated using a 

cotton ball following the dermatome map.  

The individuals were instructed to fill out a sensory-motor perception 

questionnaire after the photobiomodulation protocol as well as 30 days after the 

last photobiomodulation session. On the questionnaire, the individuals reported 

their perceptions regarding sensory-motor improvement or loss.  

Statistical analysis 

The level of significance for all statistical tests was α = 5%. The Shapiro 

Wilk test was used to determine the normality of the data, which proved to be 

parametric. The independent Student’s t-test was used to determine differences 

between groups and the paired Student’s t-test was used for the analysis of 
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variables within the same group. The chi-square test with correction of Fisher’s 

exact test was used to analyze the frequency of sensory-motor symptoms 

reported by the patients.   

 

Results 

 The sample comprised 25 individuals (22 men and three women). Nine 

individuals were paraplegic and 16 were quadriplegic. After the random 

allocation process, the photobiomodulation group comprised 13 participants and 

the control group comprised 12 participants. The most frequent causes of spinal 

cord injury were firearm incident, fall from a height, automobile accident, spinal 

cord tumor, herniated disc, fall from a bicycle, diving into shallow water and 

hypoxia of the abdominal aorta (figure 2) 

                 

Figure 2 

 

 

Table 2 

 

The responses to the sensory-motor perception questionnaire enabled 

the quantification of the changes reported by the participants after 12 sessions 

of photobiomodulation. Thirteen types of sensory-motor changes were reported. 

The chi-square test with correction by Fisher’s exact test was used for the 

statistical analysis of the frequency with which such changes occurred in the 

different groups: tingling (p = 0.561), tactile sensitivity (p = 0.561), temperature 

(p = 0.593), pressure (p = 1.000), pain sensitivity (p = 0.645), pelvic region 

sensitivity (p = 1.000), perceived desire to defecate (p = 0.593), piloerection (p 

= 0.593), improved balance (p = 0.220), muscle spasms (p = 0.202), trace 

contractions (p = 0.041), strengthening of trunk (p = 0.097) and strengthening of 

lower limbs (p = 1.000).  
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Table 3 

 

Table 3 displays the results of the comparisons of the motor index, tactile 

sensitivity and pain sensitivity between the photobiomodulation and control 

groups at the pre-intervention, post-intervention and follow-up evaluations. A 

tendency toward an improvement in these variables was found in the 

photobiomodulation group, but no statistically significant differences were found 

at any of the evaluation periods.  

 

Table 4 

 

In the intragroup analysis of the photobiomodulation group, statistically 

significant differences were found between the pre-intervention and follow-up 

evaluations (p = 0.004) as well as the post-intervention and follow-up 

evaluations (p = 0.009). However, no significant differences were found 

between the pre-intervention and post-intervention evaluations (p = 0.621).  

 

Table 5 

 

In the intragroup analysis of the control group, no statistically significant 

differences were found between any of the evaluation times: pre-intervention vs. 

post-intervention (p = 0.269), pre-intervention vs. follow up (p = 0.696) and post-

intervention vs. follow up (p = 0.940).  

 

Discussion 

Spinal cord injury constitutes severe trauma to the central nervous 

system for which no effective restorative therapy yet exists. However, 

photobiomodulation exerts important biomodulating effects on tissues of the 

central and peripheral nervous system.  
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In the present study, spinal injury was more frequent among the male sex 

and firearm wounds were the most frequent cause of injury. These findings are 

in agreement with data described by the US National Spinal Cord Injury 

Statistical Center.16  

Sensory systems represent the portion of the nervous system directly 

related to the reception, transmission and initial processing of information 

originating from the organism itself or the surrounding environment and used in 

the organization of the most varied responses. In the present study, an increase 

in the perception of trace contractions below the spinal cord injury was found 30 

days after photobiomodulation therapy. This perception is of the utmost 

importance, as it is related to sensory improvement. An important aspect to 

consider is that motor behavior is not characterized solely by movements, but 

by the integration of different sensory subsystems. Bensmaia and Miller17 found 

that anesthesia of the hand makes it impossible to handle small objects, which 

confirms the importance of sensory integration prior to motor actions.  

Statistically significant differences were found in the comparison of the 

pre-intervention, post-intervention and 30-day follow-up evaluations. The 

findings demonstrate the possible residual effects of photobiomodulation, as a 

significant sensory improvement was found 30 days after the completion of the 

treatment protocol. This is similar to findings described by Rochkind et al.,18 

who found that photobiomodulation promoted the maintenance of the functional 

improvement of an injured nerve over time. In another study, Rochkind et al.19 

demonstrated that photobiomodulation on an injured peripheral nerve led to a 

significant improvement in nerve recovery and diminished the degeneration of 

corresponding neurons in segments of the spinal column. In an extensive 

review article of experimental studies, Gigo-Benato et al.20 also report the 

potential of photobiomodulation to promote the recovery of severely injured 

peripheral nerves.  

No statistically significant differences were found in the control group 

between any of the evaluation times. This suggests the photobiomodulation 

administered directed over the spinal cord promotes an improvement in 

functional recovery, as no such improvement was found in the group submitted 
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to the sham protocol. This finding is in agreement with data described by 

Rochkind et al.,19 who report that irradiation directly on the spinal cord led to an 

improvement in the recovery of the corresponding injured peripheral nerve. 

The sensory and perceptual results indicate that photobiomodulation, 

specifically laser irradiation at a wavelength of 808 nm, is capable of penetrating 

into the depth of the injured spinal cord, promoting sensory-motor 

improvements and, therefore, functional recovery. Likewise, Byrnes et al.13 

report an significant increase in the number of axons and the distance of axonal 

sprouting.  

No adverse effects of photobiomodulation were found in the present 

study, demonstrating that this is a promising therapy for the rehabilitation of a 

spinal cord injury in humans, which is in agreement with results reported by Wu 

et al.,21 and promotes benefits in cases of brain diseases, as demonstrated in 

several studies.22-27  

Conclusion 

The sensory improvement observed and the perception of this 

improvement by the patients in this study offer valuable clinical evidence that 

photobiomodulation is a promising, noninvasive, effective technique for the 

treatment of sensory-motor alterations in individuals with spinal injuries.  

Limitations of the study – Due to restricted locomotion, some patients were 

unable to complete the photobiomodulation protocol.  

Ancillary and post-trial care – At the end of the study, all volunteers allocated 

to the control group received active photobiomodulation with the same protocol 

administered to the treatment group to avoid any inequality regarding treatment 

among the individuals. 

Competing interests – The authors declare no conflicts of interest. 
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