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RESUMO

A tendinite é uma desordem comum do sistema musculoesquelético. Embora os tenddes
tenham habilidade de reparacéo esponténea apos ferimento, o tecido da cicatriza¢do que
é formado pode impedir o tendao de executar as fun¢es normais. Estudos vém sendo
realizados utilizando a fototerapia em diferentes &reas da salde, empregando tanto
laseres quanto LEDs de baixa intensidade. Contudo, existe um numero reduzido de
estudos com a utilizacdo da terapia com LEDs. O objetivo deste estudo foi investigar os
efeitos anti-inflamatérios e as propriedades mecanicas do tecido ap0s a acdo da
fototerapia utilizando LASER (830nm) e LEDs (945nm), na regido do infravermelho,
na tendinite induzida por trauma mecanico em tenddo de Aquiles de ratos. Foram
utilizados 112 ratos machos albinos da linhagem Wistar (240 + 20g), distribuidos em 14
grupos e dois periodos experimentais diferentes. Grupos CONT (grupo controle), os
grupos TEND (grupos tendinite) nos periodos de 7 e 14 dias, o LEDT (grupos terapia
LED), do 1° ao 7° dia e do 1° ao 14° dia) e o grupo LEDT delay (terapia LED do 7° ao
14° dia). A terapia teve inicio 12 horas ap6s a inducdo da tendinite, utilizando uma dose
de 6J no ponto de aplicacdo, com intervalos de 48 em 48 horas. A fototerapia foi
aplicada transcutaneamente em um Gnico ponto sobre a regido lesionada. Os animais
dos grupos controle foram submetidos a simulacdo da aplicacdo com o aparelho
desligado, 0 mesmo desenho experimental foi utilizado feito para o tratamento Laser.
As eutanasias ocorreram ao 7° e 14° dia do experimento. Foi realizada analise
biomecanica, histopatoldgica para avaliacdo de neutréfilos e colageno, também foram
quantificados os mediadores inflamatdrios por meio da RT-PCR e os niveis de IL-6 e
TNF- a foram avaliados pelo teste imunoenzimatico (ELISA). Por meio dos resultados
encontrados, é possivel inferir que os tratamentos com Laser de baixa intensidade, nos
parametros utilizados e nos tempos estudados melhora a qualidade do reparo do tecido
tendineo, a biomecanica e reduz a migracao de células inflamatorias, ja o LED de baixa
intensidade apesar de diminuir a inflamacdo ndo foi eficiente na manutencdo da
biomecénica do tend&o.

Palavras-chave: Propriedades Mecanicas, Mediadores Inflamatérios, Tendinite, Laser
de Baixa Intensidade (LBI), LED (Light Emitting Diode).



ABSTRACT

Tendinitis is a common disorder of the musculoskeletal system with multiple
pathological manifestations. Although most tendons have the ability to spontaneously
repair after injury, scar tissue is formed that can prevent the tendon to perform normal
functions. Studies have been conducted using phototherapy in different health areas,
using low-intensity lasers and LEDs. However, there are few studies with LEDs
therapy. The aim of this study was to investigate the effect of phototherapy with Laser
(830nm) and LED (945nm) in the repair process of the calcaneus tendonitis in rats. The
inflammation was induced by controlled contusion in the medial region of the Achilles
tendon of the animals. Was used 112 young male Wistar rats (240 + 20g), divided into
14 groups with two different experimental periods. Groups CONT (control group),
TEND (tendinitis group) during periods 7 and 14 days, LEDT (LED therapy, from ™ to
7" day and from 1" to 14" day), and LEDT delay (LED therapy from 7" to 14" day).
The therapy was initiated 12h after the tendinitis induction, with a 48h interval between
irradiations (dose 6J/point). The control animals received simulation of treatment; the
same experimental design was used for Laser treatment. All groups were euthanized on
the 7" or 14" day after the induction. The tendons were dissected, extracted, and sent
for analysis. Were performed biomechanical and histological analysis to evaluate
neutrophils and collagen, were also quantitated the inflammatory mediators by real-time
polymerase chain reaction (RT-PCR) and the IL-6 and TNF- a levels by ELISA. The
results showed that treatments with low-intensity lasers in the parameters used and the
times studied reduces migration of inflammatory cells and improves the quality of
repair, but the LED even decreasing the inflammation was not effective of
biomechanical properties of tendon tissue.

Key words: Mechanical Properties, Inflammatory Mediators, Tendinitis, Low Level
Laser, LED (Light Emitting Diode).
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1. CONTEXTUALIZACAO

1.1 Tendinite

Tendinopatias sdo desordens do sistema musculo esquelético que alteram as
caracteristicas do tenddo, apresentam varias manifestacbes patoldgicas de grande
variedade etiologica, considerada um problema ocupacional e de saude publica
(EVANS, 2012; BARBE, 2003).

Com sua patogenia pouco compreendida, os esforcos fisicos excessivos e
repetitivos podem causar micro-traumas nos tecidos levando assim a uma ruptura
espontanea dos tenddes, como ocorre na pratica desportiva, estas lesdes também sdo
chamadas de lesdes de sobrecarga, resultantes da inabilidade do tenddao em suportar
qualquer carga adicional de tensdo (SALATE, 2002). A lesdo pode ser causada por
movimentos repetitivos até exceder a capacidade de reparacdo do tenddo e este podera
se romper, ocasionando uma inflamacdo, a tendinite (ALMEKINDERS; TEMPLE,
1998).

As causas da tendinite envolvem uma variedade de fatores intrinsecos e
extrinsecos, entre eles a vascularidade, disfun¢do dos muasculos envolvidos, idade, peso
e altura, hipdxia tecidual e mudancas no tenddo induzida pelos radicais livres, devido a
danos de isquemia e reperfusdo (MAFFULLI; KADER, 2002; MAGRA; MAFFULLI,
2008; SCHEPSIS; JONES; HAAS, 2002).

Na ocorréncia de uma lesdo, a causa mais frequente é o estresse tendineo, pois
ocorre extensdo exacerbada dos tendBes acima da capacidade tecidual, com
desorganizacdo das fibras tendineas, levando ao surgimento de um processo
hemorragico e inflamatério que possui efeitos deletérios para o tenddo (MACHADO et
al. 2000; STERGIOULAS et al. 2008).

Em quadros de tendinite, o principal procedimento € prevenir 0s danos
ocasionados pela reacdo inflamatdria, tentando reverter o processo de inflamacéo aguda
ou subaguda, visando minimizar os efeitos no tenddo lesado e iniciar um processo de
reparacao que permita um restabelecimento funcional dos tendées (MACHADO et al.
2000).

Existem diferentes tipos de tratamentos para tendinite, como medicamentos
localmente aplicados ou ministrados por via oral, injecGes de antiinflamatorios ndo
esteroidais e esteroidais (ALFREDSON, 2005; MAGRA, MAFFULLI, 2006;
HENNESSY et al. 2007; GLASER et al. 2008;), técnicas comuns de mobilizacdo e
exercicios terapéuticos (BROSSEAU, 2002; ANDRES, MURRELL, 2008; REES et al.
2008), recursos eletroterapéuticos como o ultra-som e o laser (KOEKE et al. 2005;
BJORDAL; LOPES-MARTINS; IVERSEN, 2006; FARCIC et al. 2013).



1.2 Reparacéo Tendinea

A reparacdo do tenddo pode promover a arquitetura de um tenddo normal,
porém, dificilmente ira reproduzir a formacao prévia ou retornara as suas propriedades
mecanicas originais de deslizamento sobre os tecidos vizinhos (MACHADO et al.
2000). Por haver baixa vascularizagdo, oxigenac¢do e nutricdo, o tenddo possui baixa
capacidade de regeneracdo (ENWEMEKA, 1989). Apesar do intensivo remodelamento
do tenddo nos primeiros meses apds a lesdo, a remodelacdo completa nunca sera
alcancada, pois as fibras de colageno que substituem a lesdo apresentam diametro
menor resultando numa redugdo da forca biomecénica do tenddo (MAFFULLI,
MOLLER; EVANS, 2002). No entanto, sabe-se que quando o tenddo lesado é
estimulado por meios fisioterapicos apropriados este se regenera adequadamente.

O processo de reparo tendineo acontece em trés fases sobrepostas, inflamatoria,
proliferativa e de remodelamento (ENWEMEKA, 1989). Na fase inflamatoria ocorre a
forma de cicatrizacdo extrinseca, que acontece do primeiro ao sétimo dia apos a leséo, e
libera no local os mediadores quimicos da inflamacdo, onde as células inflamatorias
fazem a migracdo para o local da lesdo. Os fibroblastos migratérios e os macrofagos
desempenham um papel fagocitario. Os macrofagos sdo responsaveis por fagocitar e
digerir particulas estranhas, removendo restos celulares e componentes extracelulares
alterados durante o processo de cicatrizacdo (JUNQUEIRA; CARNEIRO, 2004),
havendo cobertura da lesdo (POTENZA, 1962). A fase proliferativa inicia-se do quinto
ao vigésimo primeiro dia ap6s a lesdo, com a chegada de fibroblastos e miofibroblastos
(GOFFI, 1996). E quando ocorre a cicatrizagio de forma intrinseca com a sintese do
fibroblasto no interior da lesdo até o final do revestimento do tenddo (MAFFULLI;
MOLLER; EVANS, 2002), obtendo proliferacdo e sintese de colageno tanto das
camadas superficiais quanto das camadas profundas do tenddo (MANSKLE; LESKER,
1984). A migracdo e proliferacdo dessas células sdo estimuladas por fatores de
crescimento liberados por plaquetas e macréfagos teciduais presentes no local da lesao.
Goffi (1996), também afirma que o remodelamento tem inicio por volta do décimo
quarto dia apds a lesdo e se estende por um periodo de um ano ou mais, sendo
necessario cerca de oito meses para uma reconstrucao parcial.

As fases de proliferacdo e remodelamento s@o importantes para uma melhor
reparacdo tecidual onde ha intensa proliferacdo celular (fibroblastos), sintese de fibrilas
de colageno e o alinhamento das fibras no eixo longitudinal do tenddo (ENWEMEKA,

1989). De acordo com Maffulli et al. (2002), a resposta extrinseca é a mais importante,
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se comparada a intrinseca, porque promove um rapido preenchimento da lesdo com
tecido de granulagéo.

Existem trés critérios fundamentais para a obtencdo de um bom resultado
funcional, primeiro a facilitacdo da movimentacdo precoce, segundo o restabelecimento
do movimento de deslizamento do tecido e terceiro a retomada da funcdo de suporte de
forca tensora (ELWKIL, 2006).

1.3 Mediadores Inflamatorios

Apos a lesdo do tenddo ocorrem varios eventos para promover 0 processo de
reparo tecidual, entre eles a grande migracdo leucocitaria e formagdo de citocinas pro-
inflamatdrias, presentes na inflamacdo intensa (LIECHTY et al., 2000). Tais eventos
podem causar alteracdo do tecido com a formacéo de cicatriz, impedindo 0 mecanismo
de deslizamento do tenddo (LIN et al. 2006; BEREDJIKLIAN et al. 2003). De acordo
com Ricchetti et al. (2008), uma forma de minimizar essas alteragdes é controlar o
processo de cicatrizagdo por meio da modulacdo do processo inflamatério e dos niveis
de citocinas anti e pro-inflamatdrias envolvidas no reparo.

O Fator de Necrose Tumoral (TNF-a) ¢ uma citocina produzida por diversos
tipos celulares e é considerado o principal mediador inflamatério, por ser a primeira
citocina liberada pelas células do hospedeiro, ap6s contato com a bactéria ou seus
produtos. Além disso, conforme foi demonstrado em estudos com animais, a
administracdo de TNF-a induz a sintese de outros mediadores, como a IL-1 e IL-6, cuja
liberacdo é inibida pela neutralizacdo da atividade do TNF-o (FONG & LOWRY,
1990). A presenca dos mediadores IL-1 e IL-6 esta diretamente relacionada com a
progressdo da tendinite (HAYER et al. 2007).

Os efeitos bioldgicos observados apds a estimulacdo in vitro ou in vivo com o
TNF-0, sdo conseqiiéncia de sua ligagdo a receptores especificos localizados na
membrana celular (SBARSI et al., 2007). Devido a sua interagdo com o sistema imune,
esta citocina € capaz de exacerbar os sinais e sintomas de doencas que sdo
desencadeadas por alteracdes da resposta imunoldgica, como por exemplo, o IUpus
eritematoso e a artrite reumatdide (LOPEZ-ARMADA et al., 2006).

A migracdo dessas células inflamatdrias como neutréfilos e macréfagos para o
tecido sinovial coincide com os sinais e sintomas da doenca cronica. Laragione et al.
(2007) demonstraram que alguns genes regulam a migracdo de neutrdéfilos, e além disso,
0 bloqueio desses genes reduz os niveis de TNF-a no liquido sinovial de ratos com

artrite. Nesse mesmo sentido, autores observaram que o bloqueio de fatores de
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transcricdo como a enzima MAPKinase p38 reduz a expresséo de genes para IL-1p, IL-
6, metaloproteinases e TNF-a em modelo experimental de artrite reumatdide em ratos
(BOYLE et al., 2006).

Considerando os resultados que descrevem o envolvimento do TNF-o na
resposta inflamatoria crénica, é razodvel admitir que esta citocina possa ser alvo de agdo
de terapias anti-inflamatdrias.

Durante a inflamacao articular, as células sinoviais produzem grande quantidade
de citocinas, particularmente citocinas pro-inflamatdrias como, por exemplo, a IL-1p
(BRADDOCK & QUINN, 2004). De fato, Aigner et al. (2006) demonstraram que
citocinas como IL-1B é capaz de comprometer a integridade da cartilagem de
articulacbes em processos inflamatorios crénicos como a artrite reumatdide e a
osteoartrite. Durante o processo inflamatoério, 0 metabolismo das células que constituem
o tecido lesado sofre importantes alteracBes, a expressdo de enzimas e a sintese de
mediadores pré-inflamatérios se apresentam exacerbadas (VERBRUGGEN et al.,
2006).

Os efeitos da IL-1p podem ser inibidos in vitro e in vivo através de inibidores
naturais tais como, antagonistas do receptor de IL-1p e receptores soltiveis. Esse tipo de
receptor pertence a familia dos receptores de citocinas que ndo induzem resposta
intracelular (JACQUES et al., 2006). Esses mesmos autores demonstraram que 0S
inibidores de IL-1B sdo eficazes no tratamento dos sintomas da inflamagdo cronica
articular. Além disso, esses resultados corroboram com aqgueles encontrados em
pacientes acometidos por doenga reumatica.

A IL-6 induz ndo somente reacdes de fase aguda do processo inflamatdrio, mas
também participa no desenvolvimento de respostas imunoldgicas humorais e celulares.
Dentre os efeitos da IL-6 podemos destacar o estagio final de diferenciacdo de células
B, a secrecdo de imunoglobulinas e a ativacdo de células T. A principal caracteristica
que difere a fase aguda da resposta inflamatoria da inflamacéo crénica é recrutamento
de células inflamatorias (mondcitos) para o local da lesdo. A IL-6 desempenha
importante funcdo no processo de transicdo da fase aguda para a fase crbnica do
processo inflamatorio (KAPLANSKI et al., 2003).

Se a atividade de citocinas pro-inflamatorias persiste, essa resposta inflamatoria
passa a ser caracterizada com inflamacéo cronica, que inclui a resposta imunoldgica.
Durante a inflamacdo crénica, a IL-6 favorece o acimulo de células inflamatorias
mononucleares no sitio da lesdo. Isto se deve a secre¢do continua de MCP-1, e aos

efeitos angioproliferativos e anti-apoptoticos sobre as células T (ATREYA et al., 2000).
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Este efeito pode aumentar os niveis séricos de IL-6 e estabelecer a base para a
amplificacdo da proliferacdo celular cronica. Neste tipo de doenca, a IL-6 ndo apenas
mantém a inflamacgdo, mas também modifica a resposta imunologica. Além disso, a
concentracdo de IL-6 circulante esta elevada em diversas doencas inflamatorias crénicas
tais como, artrite reumatoide, artrite idiopatica juvenil sistémica, l0pus eritematoso,
espondilite anquilosante, psoriase e doenca de Crohn.

A IL-10 apresenta um importante papel no reparo tecidual, pois esta relacionada
a modulacdo do processo inflamatério como citocina anti-inflamatdria, parecendo
acelerar a cicatrizagdo por meio da redugdo da inflamagcdo, e manutencdo das
propriedades mecanicas e histologicas do tecido (LIN et al. 2006; RICCHETTI et al.
2008). E conhecida por inibir a expressdo de IL-6 e IL-8 e a migracdo de células
inflamatdrias no local da lesdo, incluindo macréfagos e mondcitos (ALAM et al. 1994;
RICCHETTI et al. 2008).

Em eventos anti-inflamatdrios os niveis de IL-10 e IL-13 podem estar
aumentados (LEONARDI et al. 2003), neste caso pode haver efeito compensatério de
IL-10, caso haja reducéo de IL-4, diminuindo a inflamacéo e conduzindo a formacdo de
um colageno mais organizado (LIN et al. 2006). Juntamente com as citocinas IL-4 e IL-
13, a IL-10realiza atividades funcionais como a supressao de eventos pré-inflamatorios,
pela inibicdo de IL-6 e regulagdo dos niveis de IL-12 (LIN et al. 2005; RYAN et al.
2005).

A IL-10 possui importante funcdo bioldgica na inibicdo da maturacdo e
diferenciacdo de células dendriticas em mondcitos, também inibe a producdo de
citocinas pro-inflamatdrias por estas células e pelos macréfagos. As principais citocinas
pro-inflamatorias como, IL-1, IL-6 e ainda 0 TNF- o s&o drasticamente reprimidas apds
exposicdo a IL-10 que pode inibir a inflacdo, aumentando os receptores antagonistas de
IL-1 pelos macréfagos (MOSSER et al. 2008). Em estudo no qual os animais que
sofreram lesdes no tenddo e foram tratados com IL-10, apresentaram suas propriedades
mecanicas melhoradas, semelhantes ao grupo controle (RICCHETTI et al. 2008). De
acordo com Choi et al. (2007), a IL-10 parece inibir de uma maneira continuada a

producéo das citocinas pro-inflamatorias por meio de feedback negativo.

1.4 Fototerapia
Diversos estudos visam o desenvolvimento de técnicas a fim de otimizar o
processo de reparacdo tendinea. A qualidade da recuperacdo tecidual esta diretamente

relacionada a efetiva reabilitacdo funcional do individuo. Assim, o desenvolvimento de
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equipamentos e técnicas terapéuticas tem sido amplamente investigado na area da Saude
e Engenharia Biomédica. Encontram-se técnicas que utilizam eletroterapia, ultra-
terapéutico o laser de baixa intensidade (TLBI) e recentemente a terapia com LED de
baixa intensidade.

A luz tem sido utilizada como agente terapéutico por séculos e LASER (Light
Amplification by Stimulated Emission of Radiation) foi idealizado por Albert Einstein
em 1917, quando exp6s os principios fisicos da emissdao estimulada. Desde o final da
década de 1960, houve um grande avango nos equipamentos de laser e em suas
aplicacbes na é&rea médica (GENOVESE, 2000; MATERA; TATARUNAS;
OLIVEIRA, 2003, BJORDAL; LOPES-MARTINS; IVERSEN, 2006; ALBERTINI et
al., 2008).

A TLBI é uma modalidade de tratamento clinico que ndo produz efeito térmico
sobre o0s tecidos, portanto, os efeitos bioldgicos ndo podem ser atribuidos ao aumento de
calor. A intensidade dos efeitos depende do metabolismo celular ou da condicéo clinica
tecidual antes da irradiacdo. A radiacdo emitida por um laser tem como caracteristicas o
paralelismo de suas ondas (coeréncia) e a distribuicdo espectral estreita com 0 mesmo
comprimento de onda, a monocromaticidade (SANTOS et al. 2003).

A TLBI exibe bons resultados, dentre eles a cicatrizacdo de feridas, melhora na
regeneracdo de nervos, melhora na regeneracdo neovascular, e na inducdo de formacao
0ssea (NISSAN, 2006). Estudos demonstram resultados favoraveis também no processo
de reparacdo tendinea, pela deposicdo de fibras de colageno na fase inicial e tardia,
assim como minimizacdo da presenca de células inflamatérias na zona da lesdo
(TAVARES; MAZZER; PASTORELLO, 2005).

Em estudo realizado, quarenta coelhos adultos sofreram tenotomia do tenddo de
Aquiles e foram divididos em dois grupos, o grupo tratado recebeu irradiacdo com laser
HeNe (632,8 nm) durante o processo de cicatrizacdo do tend&o, concluiu-se que a
estimulacdo com o laser diminuiu a resisténcia da cicatriz nos coelhos do grupo tratado
guando comparados ao grupo controle (OLIVEIRA, 2002).

Um estudo comparativo entre TLBI, ultra-som terapéutico e eletroestimulacao,
indica que a TLBI causa intensa estimulacdo sobre atividade celular (numero de
fibroblastos e sintese de colageno) no tecido lesado (ENWEMEKA; REDDY, 2000).
Em outro estudo comparativo, que utilizou TLBI no processo de reparacdo de tendao de
Aquiles, analisou-se a evolucdo bioguimica e biomecénica do tenddo, sendo que no

grupo tratado ocorreu aumento significante da producdo de hidroxiprolina (aminoacido
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importante na sintese do colageno) e melhora da biomecénica do membro lesado
(DEMIR, et al. 2004).

Em um estudo onde coelhos tenotomizados receberam TLBI, observou-se
aumento de 26% de fibras coldgenas no grupo tratado em relacdo ao grupo que néo
recebeu a terapia (TAVARES; MAZZER; PASTORELLO, 2005). Em feridas cutaneas
induzidas no dorso de ratos, o grupo tratado com TLBI, apresentou um aumento
significativo de até 50% de colageno em relacdo ao grupo controle, além de apresentar
maior concentracdo de células reparadoras e contracdo das bordas das feridas (REDDY
STEHNO-BITTEL; ENWEMEKA, 1998). Em estudo semelhante, com feridas
cuténeas, Pugliese et al. (2003) concluiu que a TLBI aumenta a concentracdo das fibras
colagenas e elasticas reduzindo o edema e o processo inflamatério.

Considerando as vantagens atribuidas a TLBI sobre as terapias convencionais
(ultra-som, crioterapia, eletroestimulacéo, entre outras) no que se refere a otimizacdo do
processo de reparacao de lesdes tendineas, os estudos empregando novos equipamentos
a base de luz tém sido encontrados. A investigacdo da similaridade dos efeitos de novas
terapias com fontes de luz, quando comparadas aos efeitos atestados do laser,
viabilizacdo o desenvolvimento comercial de equipamentos economicamente mais
accessiveis. Norteados por este objetivo, estudos empregando a terapia com LEDs em
baixa intensidade tém sido desenvolvidos.

Segundo alguns autores, a terapia com LED em baixa poténcia pode gerar
efeitos semelhantes aos obtidos com a TLBI. O aumento da atividade celular, tanto em
divisdo como em sintese, tém sido relacionados ao comprimento de onda e com a dose,
e ndo especificamente a fonte de luz (KARU, 2003).

Os LEDs sao diodos emissores de luz, que ao serem energizados emitem luz
monocromatica e ndo coerente. Permitem sua utilizacdo sem a necessidade de filtros
Opticos e, em virtude de serem dispositivos semicondutores, apresentam grande
eficiéncia de conversdo de energia elétrica em Optica, dissipando pouca poténcia. Tem
como caracteristica principal a conducdo da corrente elétrica em um Gnico sentido,
apresentando duas regides distintas, sendo a primeira receptora de elétrons denominada
por “p” e a segunda doadora de elétrons, denominada por “n” (MEDEIROS, 2001).
Quando polarizados adequadamente estes dispositivos semicondutores emitem luz na

faixa visivel ou invisivel, dependendo de seus componentes (ZANIN, et al. 2005).

O processo de absorcao luminosa por um cromdforo tecidual esté relacionado ao
comprimento de onda do foton. Este deve possuir um pacote energetico especifico para
que promova reagBes moleculares. Quando ocorre a absorcdo de fotons por um



cromdforo, um estado molecular eletronicamente excitado se estabelece, resultando em
aumento ou reducéo de atividade celular. A fotobiomodulagdo tem como caracteristica a
possibilidade de aplicacdo em varios métodos terapéuticos empregando diferentes
fontes emissoras de luz (KARU, 2003).

Atualmente os LEDs estdo sendo introduzidos comercialmente como uma
alternativa para as terapias que utilizam laser de baixa poténcia. Em estudos recentes,
alguns autores como Podntinem (2000) e Whelan et al. (2000), concluem que a coeréncia
da luz ndo é responsavel pelos efeitos da TLBI, ja que esta propriedade se perde nas
primeiras camadas do tecido bioldgico. Discordando, o estudo de Boulton e Marshall
(1986) atribui os efeitos acima mencionados a coeréncia do laser o que o diferencia do
LED.

O baixo custo da irradiacdo com luz ndo coerente e sua eficacia similar a dos
laseres foi demonstrada por Solear; Angell-Petersen e Warloe, (2000) e Clark; Bryden e
Dawe, (2003) em estudos com lesBes cutaneas. Resultados satisfatérios também foram
obtidos por Vinck et al. (2003) com o LED em estudo com cultura de fibroblastos.

Trelles; Allones e Mayo, (2006), utilizaram a terapia com LED (A=633 nm) para
auxiliar a cicatrizacdo de ferida cutanea a laser Er:-YAG, e relatam que apds a primeira
sessdo do tratamento os pacientes apresentaram pouca ou nenhuma dor, € no décimo
quinto dia essas feridas ja estavam completamente reparadas e com minimo tecido
cicatricial quando comparados ao controle. A utilizagdo do LED representa uma
recente, ndo invasiva intervencao terapéutica para o tratamento de feridas, infeccOes e
isquemias (DESMET et al. 2006). As terapias que utilizaram o LED vermelho, emitindo
no visivel, obtiveram excelentes resultados, como cicatrizacdo acelerada e sem dor de
feridas cuténeas (TRELLES; ALLONES e MAYO, 2006).

Casalechi et al. (2008), demonstraram a efetividade do LED no processo de
regeneracdo do tenddo de Aquiles, com diminuicdo do nimero de fibroblastos e
melhora na qualidade da remodelacdo. Bastos, Lizarelli e Parizzoto (2009) também
encontraram efeitos semelhantes na cicatrizacdo de tenddo ao comparar o LED (630nm
e 880m) com o laser (685nm e 830nm), sendo que os comprimentos de onda no
infravermelho obtiveram melhores resultados foram mais eficientes.

Embora varios estudos atestem o efeito benéfico da terapia com LED, ainda se
fazem necessarios muitos estudos para determinar dosimetria e mecanismo de agéo
deste tipo de terapia. O desenvolvimento desta terapia poderia contribuir nos sistemas
de atencédo a satde publica, reduzindo o processo de reabilitacdo de pacientes através de

uma terapia de baixo custo.
O quadro abaixo (Tabela 1) demostra a utilizacdo da fototerapia com Laser e

LED de baixa intensidade em estudos distintos, com diferentes pardmetros e seus

respectivos resultados.



Quadro 1: Utilizacdo da fototerapia Laser/LED em diferentes estudos.
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Autor/Ano Fonte/ L Dose (J) Modelo Resultado Area tratada
Laser 670 e 1 organizagdo x
Arrt;c(i)%?t al, 904 nm 1,8Je2,7] Rato das fibras c-gle::naeoo
(associados) colagenas
lexpressdo de
Albertini et al, Laser/660 e 33 Rato mediadores Tendao
2008 684 nm proé- calcaneo
inflamatérios
Casalechi et al, LED/640nm 12] Rato ! inﬂl‘?‘;nzgﬁg Tendao
2009 Tqualidade do calcaneo
reparo
Xavier et al, . N Tendao
2010 LED/880nm 3,7] Rato | inflamagao calcaneo
lexpressdo de
Pires et al, Laser/780nm 163 Rato me,dladores Tenfjao
2011 pro- calcaneo
inflamatdrios
| inflamagao
manutencao x
Marcos etal, Laser/810nm 1e3] Rato das Tenﬂd 40
2012 . calcaneo
propriedades
biomecanicas
Casalechi et al Tenddo
2013 ! Laser/780 1,5J Rato | inflamagéo calcaneo
1 expressdo de
Xavieretal, | | epeaonm 3,7 Rato IL-10e Tenddo
2014 colageno tipos calcaneo
lelll
| expressdo de
Torres-Silva et Laser/660nm 33 Rato me,dladores Tenfjao
al, 2014 pro- calcaneo

inflamatérios
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2. JUSTIFICATIVA E RELEVANCIA

Com o crescente avango dos estudos concernentes a base molecular das
desordens musculoesqueléticas, novas terapias vém sendo desenvolvidas, com especial
énfase aquelas que apresentam potencial terapéutico sobre o edema inflamatério e dor.
Além disso, grande atencdo tem sido dada aos efeitos adversos de terapias anti-
inflamatorias. Com a inversdo da piramide etaria e o gradual envelhecimento da
populacéo brasileira, paralelamente devermos observar uma aumento da prevaléncia de
doencas inflamatdrias musculoesqueléticas e reumaticas. Sendo assim, cada individuo
acima de 60 anos é um potencial candidato ao uso cronico de farmacos anti-
inflamatorios e consequentemente, aos conhecidos efeitos adversos decorrentes deste
uso.

Dentre os diversos tipos de drogas nesta classe, os inibidores especificos da
enzima ciclooxigenase-2 (COX-2) tem apresentado efeito favoravel no tratamento das
desordens desse tipo. No entanto, o impacto econdémico das terapias para desordens
musculoesqueléticas a partir do uso de drogas anti-inflamatérias é consideravelmente
alto, principalmente devido aos custos da medicacéo, hospitalizacao e toxicidade destes
agentes, principalmente com relacdo a efeitos adversos gastrintestinais.

Os disturbios musculoesqueléticos também representam gastos em relacdo a
salde ocupacional, considerados como um dos problemas mais graves no campo da
salde do trabalhador, sdo responsaveis pela maior parte dos afastamentos do trabalho e
custos com pagamentos de indeniza¢bes no Brasil e em grande parcela dos paises
industrializados (BORGES, 2000; WALSHA et al. 2004). Nos Estados Unidos, por
exemplo, as doencas musculoesqueléticas compdem 52,2% das que geraram beneficios
do Seguro de Compensacdo dos Trabalhadores e na Franca, constituiram-se em 63% das
enfermidades relacionadas ao trabalho que receberam este tipo de compensacdo
(BUCKLE; DEVEREUX, 2002; LEIGH et al. 2004). No Brasil, em 2002, as doencas
musculoesqueléticas foram responsaveis por 22,6% dos beneficios despachados e em
2006, 48,2% dos beneficios previdenciarios por doenca do trabalho, excluindo-se os
acidentes, foram concedidos por doencas musculoesqueléticas (GADELHA, 2006;
SOUZA; SANTANA, 2011). Além dos gastos gerados com afastamentos, sdo ocasionados
gastos com indenizacbes e tratamento. Considerando a magnitude das doencas
musculoesqueléticas no contexto dos beneficiarios o desenvolvimento de terapias
visando diminuir 0s custos no tratamento dessas doengas se torna de grande valor.

O uso de Fototerapia na préatica clinica para o efeito anti-inflamatorio em

diferentes doencas baseia-se em um numero crescente de publicacbes de carater
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cientifico. Recentemente, vimos acumulando experiéncia em trabalhos experimentais e
clinicos com a aplicacdo do LED e do Laser da Baixa Poténcia em diferentes situagoes.
Durante este tempo, fomos capazes de caracterizar o efeito da Terapia com Laser de
Baixa Poténcia na reacdo inflamatéria de edema de pata, pleurisia e dermatite,
hiperreatividade de vias aéreas em ratos e camundongos, e tendinite de Tenddo de
Aquiles. No entanto, ¢ muito importante ressaltar que pouco se conhece a respeito do
mecanismo de acdo dos LEDs. Neste sentido, os estudos experimentais com estes
comprimentos de onda assumem grande relevancia para o esclarecimento do mecanismo
de acéo da terapia LED.

Tendo em vista os dados apresentados anteriormente, a importancia da utilizagéo
de terapias ndo medicamentosas representa um fator altamente relevante para o Sistema
de Salde, especialmente em paises emergentes. No entanto, o estabelecimento de
parametros clinicos para a utilizacdo desta técnica se faz ainda extremamente
necessario.

Outro importante ponto positivo da fototerapia a ser considerado é o custo do
tratamento. Vale ressaltar que o custo no tratamento de complicagdes como artrite
reumatdide, bursite, tendinite, lUpus eritematoso e outros tipos de limitacdo da
musculatura esquelética é alto. Assim, uma terapia alternativa que além de ser eficaz e
ndo apresentar efeitos colaterais, também seja de baixo custo, tem distinto valor no
tratamento de doencas musculoesqueléticas. Economicamente, o uso da fototerapia é
mais viavel que a constante compra de medicamentos voltados ao tratamento especifico

da tendinite, sem contar os medicamentos para atenuar os efeitos colaterais.
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3. OBJETIVO

O presente trabalho teve como objetivo investigar os efeitos anti-inflamatorios e
as propriedades mecanicas do tecido apds a acdo da fototerapia utilizando LASER e
LEDs, na regido do infravermelho, na tendinite induzida por trauma mecanico em

tendd@o de Aquiles de ratos.

3.1 Objetivos Especificos

Artigo 1:
e Analise biomecéanica do tenddo ap0s a acao da fototerapia com Laser (ensaio de
resisténcia e tracdo).
e Analise do infiltrado de neutréfilos, por meio da histomorfometria apos a acao
da fototerapia com Laser.
e Analise da organizacdo do coladgeno e sua maturacdo apds a acdo da fototerapia

com Laser.

Artigo 2:
e Analise biomecénica do tenddo apds a acdo da fototerapia com LED (ensaio de
resisténcia e tracdo).
e Analise do infiltrado de neutrofilos, por meio da histomorfometria ap6s a acdo
da fototerapia com LED.
e Analise da organizacdo do colageno e sua maturacdo apds a acdo da fototerapia
com LED.

Dados néo publicados:

e Investigacdo do envolvimento de mediadores inflamatérios. Nivel da
interleucina 6 (IL-6) e da citocina fator de necrose tumoral (TNF-a), apds a acao
da fototerapia com Laser e LED.

e Investigacdo do envolvimento de mediadores inflamatdrios. Expresséo génica da
interleucina 6 (IL-6), da citocina fator de necrose tumoral (TNF-a) e COX-1 e

COX-2, ap6s a acdo da fototerapia com Laser e LED.
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4. RESULTADOS
4.1 Artigo—1

Casalechi HL, de Farias Marques AC, da Silva EAP, Aimbire F, Marcos RL, Lopes-
Martins RAB, de Carvalho PdTC, Albertini R. Analysis of the effect of phototherapy in
model with traumatic Achilles tendon injury in rats. Lasers Med Sci. v.12, p.1075-81,
2014,

Os resultados descritos neste primeiro estudo sdo referentes as analises
biomecéanicas e histopatoldgicas dos grupos: controle, laser, tendinite e diclofenaco.
Estes resultados demonstram que o tratamento com Laser de baixa intensidade, nos
parametros utilizados e nos tempos estudados melhora a qualidade do reparo do tecido

tendineo, a biomecanica e reduz a migracgdo de células inflamatérias.
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Abstract The aim of this shudy was to investigate the effect of
Tow-mtengty laser (LILT) infrared (830 nm) themapy in tendon
mflammation, tendinitis induced by mechanscal trawmss in rat
Achilies tendon. For this, we used 65 young male Wisiar rats,
weighing £300 g divided into different groups: C = control
(#=5) ond experimental (n = 10/group), with two diffcrent
times of sucrifice such a5 treated with L = laser, D = treated
with diclofenac, and T = ¢ d mjured. The tend

inflammation was mduced by controlled conmusion in the
medial region of the Achilics tendon of the animals. The
treated groups received some kind of intervention every
24 b, all groups were sscrificed on the 7th or 14th day afler
the truuma. The tendons were dissected, extracted, and seit for
analysis. Histological analysis of the L group showed u
decrease in the number of inflammatory cells in relation to
other groups in both periods studied. The comparative results
between the number of inflanvmatory cells in the cantred and
trested groups at 7 and 14 days showed statistically significant
differences, Qualitative nnalysis findings obtained by the
picrosirius red fechnique under polanzed light shuwed that
in 7 days, the T group presented coliagen types [and [T in the
same propostion; group D presented & predominance of type
111 fibers, while in group L, type [ collagen predominated. The

H. L. Casalechi + A. C de Foriss Mergues - . A P, da Silva
P. 4. T.C. e Carvalho - R. Aestini (24)
Post Gradste Prograen in Rehabilitaion Sci Universidode

14-dny group D showed collagen types | and (11 in the same
proportion, while in group L, there was a predominance of
type | fibers. Biomechanical analysis showed that 7-day
groups L and C showed similar stiffncss and imcreased
breaking strength. The [ 4-day groups L and C showed grester
ruptuning strength as well as increased stiffness angle. Group
D showed & decrease of maximum traction strength and
degree of ngidity. It was concluded that trestment with LIL
in the paramesers used and the times stucied reduces migration
of inflammatory cells and improves the quality of repair while
redueing the functional limitations,

Keywords LLLT - Tendinitis - Inflammatory process

Introduction

Tendinopathies are clinical conditions mainly characterized
by tendon pein and edemn, affecting functionality and
movements of the member. Despite of the controversy
concerming om the use of the tenns tendinitistendinosis, we
believe that teadon lesions are able to express most of the
inflammatory cardinal signs, 1.¢., pain, edema, vasodilation
(redness), increased lemperature, and loss of function. In this
context, we decided to use the term teadinitis along the text.
Tendinitis is & common disorder of the musculoskeletal
ystem with multiple pathological mamifestations. Due 0

Nowe de Julbo (UNINOVE), Rus Vergueiro, 235, Sko Paulo,
SP 01504001, Bewnd
comail: rogamealberntini@uninve br

F. Almbiee
Universfiade Fodenal 8¢ Sko Paulo (UNIFESP), Sao P, Beand

R. L. Miecos ' R A. B,
Post Giradaate Program in Biophosoaics Applod & Health Sciences,
Universifode Neve de Julho (UNINOVE), S8o Paulo, SP, Draeil

etiologic variety, it is one of the disarders that mostly keeps
workers away from work and is pow treated a8 an
occupational and public heaith problem (1],

Although the causes af tendonitis may include a varicty of
factors, including overweight, tmuma, prolonged use of drgs
such us antibintics and corticosteroids, repetitive stress in
waork activities, and recreational sporis activities; the incidence
of tendon injurics seoms 10 come incressing with the idea

@ springes
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which increasmng sports activities improves quality of hfe
12, 3] With a poorly understood pathogenesis, excessive
physical cffort and exertion can couse repetitive m!cro-
trauma m the Lissue leading Lo spentanecus rupture of |

clinical studies, accordsng to Bjordal etal, 2006 [19]. The first
point, recently confirmed by Marcos et al, 2012 [8], is the
moduluory effect of fibroblast metabolism and collagen
pasition by matrix metaloproteinases. The second potot is

[4]. The causes of tendinitis mvolve a varicty of intrinsic and
extrinsic factors, including the vasculanty, dysfunclion of the
muscies involved; age, beight, and weight; tissue hypoxis, and
changes in tendors incluced by free mdicals, duc fo ischemin
il reperfusion damage (5, 6]

[n cases of tendinitis, the main procedure is to prevent the
dumage caused by inflammatocy reaction, trying 10 reverse the
acute of subscute inflammation. The aim is to minimize the
cffects on the injured tendon and initinte & recovery process
that allows functional recovery of lendors [6).

After tendon {njury, the process of healing or tissue repair
storts. This process begins with a local inflammatory reaction
characterized by edems, vasodilatation m the tissve, and
tendan pain on movement and at rest, In addition, recraitment
of inflymmatory cefls and production of bumaral mediators
such as cytokines and eicosanoids occurs locally|7, K|

Considering the importance and high incidence of such
condition, & varety of therspentic modalities has been
employed in order to alleviate pain and repair the tendon.
However, the first step after dingnosis should be the
identification of the cause of tendinitis and possible risk
factors, There are different types of trearments for tendinitis,
such as anti-inflammatory drup (sreroids and NSAID:),
mobilization technsg , 05 well as
electrotherupeutic such as ul d nnd low-
level laser [9]. The use of anti-mflammsstory drugs to freat
tendon disordens is still o controversy. Some authars reported
positive findings using NSAIDs, confinming their clinical
popularity [10, 1] These suthars suggest that NSATDs woukd
be able 1o increase tensile strength and accelerate collagen
production. On the other hand, other nuthors demonstrated
that the use of NSAIDs is highly contmindicated [8, 12),
significantly decreasing tensile strength and altering
biomechanical properties of the tendon, and most of the
medication has detrimental effects on patients [8], The Luser
(Light Amplification by Stimulated Emission of Radiation)
was devised by Albert Einstein in 1917, Since the Inte 19605,
there has been a major breakthrough in laser equipment and its
applications in the medical field [13-15). Therapy with low-
incensity laser (LILT) shows good results, including wound

the modulation or inhibition of inflammatory meditors by
laser light (8, 19)
The advantage of LILT compared to conventional
pharmacologial py is the 2b of d side
effects, However, it bs important to nole that liatle is known
about the mecharism of action of infrared Jaser. So this study
wims (o investigate the hypothesis that lasee phototherspy
helps in the process of tendon repair. For this purpose, we
use an mfrared laser (830 nm) in an experimental model of
sendan lesion induced by mechasical trauma in Achilles
tendon of s,

Muterial and methods
Animals

Sty five albino, male, young adults Wistar rats; weighing
430 g were used, The unimals were randomized and kepl in
standard cages in (five animalsicage). They were kept in a
room with constant humidity and temperature {24 °C/60 %),
light and dark cycles of 1252 k, with water and food ad
bt .

Al were in d with the Ethics and
Animal Rcsearch of the Universidade Nove de Julho
guidelines, under appraval of the protacol number An 0014/
2011.

Induced tendinites by mechamical trauma

Afler intraperitoneal anesthesia (ketamine hydrochloride
10 %, 10 ml (Syntec) using a dose of 0.1 mi per 100 g by
weight and xylzine hydrochlende 2 %, 10 ml (Syntec)), the
animals were placed in proae position in 2 non-cutting
guillotine to induce tendon trauma of the medial calcaneal
tendon of the [eft paw in all ammals, with the exception of the
control group. The equipment is able to produce standard and
repeoducible trauma lesions in rat Achilles tendons.

healing, improvement in nerve reg ion and 1

Expermental groups

regeneration, and induction of bone formation {16, 17].
Studies have shown favarable results also in tendon repair
process by deposition of collagen fibers in the early and lute
stages as well as minimization of midammatory cells in the
lesion area [L8).

As possibly respansible for the beneficil effects of low-
tevel laser therapy (LLLT) in tendon injurics, we can list two
important biotogical responses that have been reparted in

€ Spelnger

The 65 animals were andomly divided into 10 groups: those
who had not suffered mechamcal trawma (v =5) and did not
undergo any treatment were named Control (C) group, The
groups of animals that underwent mechanical trawns (= 10/
group) were samed according to the type of treatment and
moment of secrifice. Those treated with laser were nemed L7
and L4, Sodimn diclofenac treatment, D7 und D14, The

16
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animals which suffered tendon trauma and did pot receave any
treatment were T7 and T14.

Treatment with soditm diclofenac

A standard solution of sodium diclofenac (25 mg/mL,
Voltaren® ) was used. A volume of 0.8 ml obtamed from the
sundard solution wis intrperitoncally injected, starting 12 h
after mjury and continued every 24 h for 7 days,

Treatment wilh low level [aser

A low level laser (Theralase, DMC®, 830 nm (£10 nm)
50 mW; 0.028 cm” spot ares) pawer was used.

The laser radiation was applicd by contact technique at the
injured Achilles tendon during 120 s, yiclding a tosal energy
dase of 5 J in 2 single point, At the moment of laser irradiation,
1he animaks were manually restrained and the faser probe was
positioned at an angle of 50° in relation to the tissue surface.
Before the beginning of the experiments, the laser equipment
was calibrated with & power meter (Model 13 PEM 001 / J,
MellersGriot, Netherlunds).

The treatment started 12 h after the lesion and continued for
every 24 h until sacrifice (7 and 14 days).

Buthanasia

Futhanasia of animals d in a CO; chamber, after 7 and
14 days after injury. The Jefi tendons of all groups were
dissected and extmcted from the msertion to the calcaneal
myotendinous yunction. Half of them (five per growp) were
used for histological analysis and the other five lissues were

submitied 0 biomechanical assays.
Analysis of inflammatory cells
Five randomly sclected sections were d with HE for

each animal, corresponding to the median portion of the
Achilles tendons. The results were obtained by counting
the inflammatary cells present in five microscopic arcas
of tendon tissve.

Histomorphometric analysis was performed with an optical
macroscope. To obtain the total number of inflammatory cells
in the observation ficlds, Image J software® in its function
‘cell counter” was used.

Qualitative annlysis of collagen types !and [T

Five histologecal sections from cach animal were stained
with the Picrosinus Red dye. The material was examined
under optical microscopy, with » 40, using polanzed
light source. In this method, thicker fibers are shown
stained i red orange, representing collagen type |

While the thinner and more dispersed fibers were
greenish representing the type 111 collagen [16].

Biomechanical analysis

Immedintely after removal, tendoa tissues were submitted o
biomechanical assays. A universal assay machme (EMIC
tensiometer, mockel DL 200 MF®) was used. In osder to study
the resistance to failure and clastic properties of the tissue, 1
specinl p 1 was ¢ d, isting of & sequence of
loading and undoading forces applied to cach tendon
(strain = | % of its length) and this sequerce was repested
until disruption (8] Tendon length, width, and height were
recorded before the mechanical test ond these values were
used to standardize results. The tendons were attached to the
universal sssay machine. The musculotendimous junction wis
fixed at the botrom and osteotendinous at the twp of the
tensiometer’s kandle. The maximum force was recorded at
the time of rupture and compared among groups. The results
were expressed by nweans of graphs as in Fig. 1, which shows
the standard curve. The gruphs represent the mechanical
traction assay of the tendons of different groups until a
breaking point.

Statistical analysis

Statistical analysis of treated and untreated groups was made.
The snalysis was canducted within and among groups, the
values were tabulated and tested using ANOVA with the
Tukey post-test for analysis of variance, and statistical
significance bevel was § % (p <0.05)

The progmam used to perform statistical tests was
GraphPadnSar® vemsion 3.0, For the graphs, the ard
standard devintion of the number of inflummatory cells were
used through the GraphPadPrise® version 3.0 program.

Results

The comparison of resulis between the number of
inflammatory cel’s in the coatrol growp and the treated groups
at 7 and 14 days showed statistically significant differences.
The counting results of inflammatory cells in the 7<lay period
were (mean and standard devintion) control group 2+ 1 and
tendimitis 105417, dickoferac 53+ 13 and laser 38+8. [n the
14-day count, results were {mezn and standard devintion)
contro]l group 241 und tendinitis 105417, diclofenac
54,664:2,73 and laser $3.54 14. 37.

Comparison of the amount of inflammatory cefls among
the groups are repeesented graphically in Fig, 2 and this shows
that there is & statistically significant difference between the
treated and control groups.

2 Speinger

17



1078

Lasers Mod Sci 2014) 29:1075-1081

Fig. 1 Staedard curve. The
¥ axis sopresents the fivee in
Newiton (N), cvabales the W,
greatest force daring svctching,
The maximum foece is peesenied %
by each tendon o the momens of

repluze. The X' anis ropeesents the z
displacement of the material in -~
millimseters (o). E

Qualitative analysis for obscrvation of collagea {ibers
dlowedlheprtsmconypealmdnl,uslmwninﬂg.l

In the control group, theee was a predominance of red
fibers, which represent collagen type 1 At 7 days after
inm.ymlprummdmcmwoponionofoollm
types [ and TIT and group D showed a predominance of
green fibers, which represent the type 11l collagen.
Mcanwhile, group L had a predominance of red fibers,
which represent the type 1 collagen.

At 14 dzys afier injury, the presence of red fibers, type |
wis observed in the same propartion as gresn, type Il in
group D, Group L showed a predominance of red fibers,
which represent collagen type I,

According to the traction test, it was observed that the 7-
day group T showed chunges in the angle that determines the
s!ill‘msnof!hcmwinlmdmmmhaurlym
o(mﬂmcmm:smcmlowingmupb.m&e
other hand, group L. showed stiffivess similar to group C and
increased rupture strength, as shown in Fig, 4a.

Fig. 2 a Chan coemparg the
warber of influwematoey cells on a

duy 7 among the teated and
comtrol groups. *** Highly Wi
significant (p <0.001), Em
*Significant (p <0.05) b Gragh 1
comparing the sumber of
eflammatory cells ot dwy 14 i Lt
between the treated and contil 3 9.
groups. ***Highly significant g
{<0.001) i 2]
o4

2 Sprisger

Standard curve for the tensile mechanical test

Fnex RUpture

05 1 -1.5- 2 = 72.3 : ‘3

Strain (mm)

At 14 days after injary, group T coutinued to show s slight
mamfmummﬁmbmwmy
minauseinmgkinmhimwuisx.ﬁoupbmﬁn\wd
presenting a decrease of maximum traction strength and of
stiffness determining angle. Groups L and C showed greater
strength during the rupture; in group L, a stight increase of the
rigidity angle was also observed, 4s shown in Fig. 4b,

Discussion

Tbcmhshuwnindﬂsmadyoouﬁmmchypodmislhu
phototherapy with low level lnser assists i the process of
tendon repair. These results comoborate previons studies that
demonstruted that laser irmadiation modulates various
biological p , such as d of inflammatory
response, stimulation of neovascularization, wound healing
acccleration, and skeletal muscle repair after injury besides
inducing protein synthesss [7]. In previous studies, it was
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Fig. 3 Phowmicrographs of
histological lendoes sections of
tremted and comarol anlmels a8
difforent tinses of cuthanasia
(Plerosiriug Red, onginal
magnification * 40)

14 days

observed that the laser at a wavelength of 904 nm decreases
inflammation and enhances collagen synthesis {20, 21],
Therefore, it was decided to mvesligste the cffect of the laser
wavelength of 830 nm which is near infrarcd. The energy
density was 6 J for tendon repair process afler trauma
induction since there are few studics using these parameters,

This study had two treatment phases to investigate the
action of the laser (830 nm) in the tendon repair process.
The treatment of the acute stage in the repair process of the
tendon was pecformed in 7-day groups consudening the
presence of inflammatory celis responsible for the healing
process in the first days after injury [22). Treattnent for the
chranic phase was carried out in the 14-day groups.

The average value of inflammatory cells in the animals of
the group treated with laser in the 7-day period aficr injury
(TA7) was lower when compared with the aversge of the
control group (NA) of the same period. This difference was
statistically significant, demonstrating the cffect of laser in the

Fig. 4 n Gruphic sesistance and a
clasticey 2t 7 days. b Graph 25
vesestanes and chasticity =

14 days. Legend: € = control,

L = laser, D = tresied with 2
diclofense, sod 7'« umreated
injured

Srength (N)

Tendinitis Diclofenac

- ..

Laser

decrease of inflammascry cells in the tendon repair process
These results are consistent with the results found by
Enwemeka ot al. and Caminho et al. [23, 24),

The mean and standard deviation of the lascr-treated
group duning the period of the 7th to 14th day after injury
(TCy4), considered one of the treatment groups in the
chronic phasc, were the lowest values found in all groups
of the experiment. Given this result, it can be stated that
LILT presented its best results in this group beesuse its
effects through photobiomodulation provided greater
decrease of inflammatory cells in this group.

Further, regarding the importance of reducing the
migration of monucytes and phils to the infk fom
sile is the fact that these cells, once attracted (o the focus of
inflammation, secrete TNF-a and other chemotsctic factors,
feeding back the inflammatory process [25). Other authors
stated in ther studics (hat the anti-inflammatocy effects of
LILT are directly related to the decrease in plasma level of

— C

—T

-k
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pro-inflammatory cytokines such as TNF-a, IL-6, snd IL-2
[26-23], The effects of LILT photobiomciulation are akso
sssocisled with incressed production of growth factors such
05 bFGF and 1GF-1 [30]. Therefore, LILT would help beeak the
pasitive feedbick of inflammntion and fvor the repair process.

Since the main function of tendons is 10 transmit tracton

load, experimental studies of the biomechanical properties of
these tssues are of greal importance. They are usually carried
out through maction tests in order to obtain foece-deformation
grphs, in which the mechanical properties are determined
[31]. Regarding the repatr process according to the traction
test, it was possible 10 show that the laser treatment could
clange mechanical properties of the tendon, such as
maximum force at the moment of tissue rupture and the
greater angle formed in the Hoear region of each curve
ndicating the stiffness of the material, While in the first period
(7 days), the injured group showed w slight decrease in
stiffiness, during the secomd pericd (14 days) the same group
showed an increme in stiffness. This may be due to a process
of fibrosis determined by the mduction of inflammation. In
this case, & more rigid 1ssue with a smalbler force muy have
focilitated the rupture process. While the untreated group
howed a shight of rupture strength, the mpured group
trested with laser showed sn incresse of that strenpth. The
injured group treated with diclofenac showed fewer results,
Indicating & worsening of these mechanical properties.

Tns thig case, the use of this ant-inflammatory doug dsd not
help i protecting tissue repair or conserving its mechamicsl
peoperties. That may be related o structure] changes in the
tissue. Studics show that anti-inflammatory drugs in rat terdon
Injuries cause decreased ed and lation of
inflammatory celis and changes in the expression, organization,
and maturation of collagen, without showing effect upon
comphiance and tracton strength of the tendon [32, 33).

The results of strength and elasticity corroborue the
finding @ relation 1o coltsgen type 111, which in the 14-day
laser group is proliferating. fn normal tendons, which suffered
no injury, type ! collagen repeesents up to 90 % of its fibers
[34]. Some suthors noted that Achilles tendons ruptured
spontancously present high amounts of collagen type 111 [35,
36]. This agrees with the findings obtained by the picrosiruats
red technigue, with visualization under polarized light
observed in this study,

Therefore, it can be suggested that the 830-nm laser was
effective in reducing functional limitations in models of
traumatic tendinitis and that there is a correlation between
the functional and cellular effects.

Conclusion

It was concluded that trestment with LIl within the
parametens used and the time penods studied improve the

€) Sprieger

quality of tesdaon fissue repair and reduces migration of
inflammatary cells and functional lamitations.
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4.2 Artigo — 2

Casalechi HL, Aimbire F, Marcos RL, de Farias Marques AC, da Silva EAP, de
Carvalho PdTC, Albertini R. Efeitos da Fototerapia com Light Emitting Diode em
Modelo de Lesdo Traumatica em Tenddo de Aquiles de Ratos. Submetido a Lasers
Med Sci..

Os resultados descritos neste estudo séo referentes as andlises biomecanicas e
histopatoldgicas dos grupos: controle, tendinite, diclofenaco, LED e LED delay. Estes
resultados demonstram que o tratamento com LED de baixa intensidade, nos parametros
utilizados e nos tempos estudados reduziu a migracdo de células inflamatorias e
melhorou a qualidade do reparo tendineo, mas ndo foi eficiente na manutencdo da

biomecanica do tendao.
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LED in the parameters used and the times studied reducas migration of infammatory
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Abstract

The am of this study was o investigate the effect of low-intensity light emitting diode
(LED) infrared (945nm +20nm) therapy in tendon inflammation; mjury was induced by
mechanical trauma in rat Achilles tendon. For this we used 75 young male Wistar rais,
weighing £ 300 g divided into different groups, C = control (n = §) and experimental (n
= 10/group) with two different times of sacrifice; D = treated with diclofenac and T =
untreated injured, treated with LED and group LED defay. The tendon inflammation
was induced by controlled contusion in the medial region of the Achilles tendon of the
animals. The treated groups recerved some kind of intervention every 48 hours, all
groups were szerificed on the 7th or 14th day after the trauma. The tendons were
dissected, extracted and sent for analysis. Histological analysis of the LED groups
showed a decrease in the number of inflammatory cells in relation to ' groups m both
periods studied. The comparative results between the number of inflammatory cells in
the control and treated groups at 7 and 14 days showed statistically significant
differences. Qualitative analysis findings obtained by picrosirius red technique under
polarized light showed thet in 7 days the T group presented collagen types I and 111 in
the same proportion; group D presented a predominance of type 111 fibers, while in
group LED type I collagen predominated. The 14-day group D showed collagen type |
and IIl in the same proportion, while in groups LED and LED delay there was a
predominance of type 1 fibers. Biomechanical analysis showed that 7- day groups LED
and D showed lower rates of breaking strength, The 14-day group D showed a decrease
of maximum traction strength and degree of rigidity, groups LED and LED delay
showed lower strength during the rupture. It was concluded that treatment with LED in
the parameters used and the times studied reduces migration of inflammatory cells and
improves the quality of repair, bul is not effective in maintaining the biomechanics of
tendon,

Keywords: Light Emitting Diode (LED), Tendon Injury, Inflammatory Process.

26



R - R A

INTRODUCTION

Primary tendon injuries are common disorders of the musculoskeletal system,
with different pathological manifestations and represent a great part of orthopedic
surgery and rheumatologic recommendation [1,2]. The term tendinitis has been used to
describe chronic tendon pain, and covers inflammation and central pathological process
[3]. Due to its etiology it 1s one of the many disorders that keep workers away from
their duties, It is now treated as an occupational and public health problem, yet its
pathogenesis remains poorly understood [2,4]

Micro-traumas caused by excessive and repetitive physical exertion can lead to
spontancous tendon rupture, The most common cause for this type of injury is tendon
stress, aggravated by stretching the tissue beyond its capacity, breaking its fibers,
causing 2 hemorrhagic inflammatory process [5,6]. The complete healing process of the
tendon injury can take up to months. The initial repair phase takes around 7 to 10 days
to consolidate, but the complete rehabilitation requires weeks or months [7,8].

In cases of tendon injury it is important to prevent the damage caused by the
inflammatory response. This minimizes the effects on the injured tendon and starts the
healing process which enables the functional recovery of the tendons [9]. Due to the
high frequency of this type of injury, studies are needed in order to improve tendon
repair and reduce recovery time and return to daily activities [10]

Among the different types of processing to optimize the tendon reparr process
are medication, mobilization techniques, therapeutic exercise and electrotherapeutic
resources such as ultrasound and phototherapy [11]. Although anti-inflammatory drugs
are commonly used in the treatment of tendinopathy, their long-term effects do not
seem to be completely satisfactory when compared to the amount of harm to the

patients [12, 13] Low intensity Light Emitting Diode (LED) phototherapy is & low cost
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alternative to the usc of laser since studies employing LED therapy suggest that both
sources have similar effects [14,15]. In relation to the tendon repair process, the
effectiveness of LED therapy was evidenced by studics demonstrating improved guality
of remodeling and decreased inflammation [16,17,18,19).

The advantage of the low-intensity LED compared to conventional drug therapy
is that it has no unwanted side effects, however, it is imporiant to point out that little is
known about the LEDs mechanism. This study tests the hypothesis that phototherapy
with infrared LED assists in the tendon repair process. Therefore, the aim of the study
was to investigate the effect of phototherapy with infrared (945 nm) LED on tendon

inflammation induced by mechanical trauma in Achilles rat tendon.

MATERIAL AND METHODS
Animals

Seventy five albino, male, young, Wistar rats; + weighing 300g were used. The
animals were kept in standard cages in random groups of five. They were kept in d room
with constant humidity and temperature (24°C/60%), light and dark cycles of 12 per 12
hours, with water and food ad libttum.

All experiments were in accordance with the Ethics and Animal Research of the

University Nine July guidelines, under approval of the protecol number An 00322012,

Induced Tendinites by mechanical tranma

All animals were subjected to anesthesia, the drug was administered
intraperitoneally in the combination: ketamine (hydrochloride) 10%-10ml (Syntec)
using a dose of 0.1 mt per 100g body weight and xylazine (hydrochloride) 2%-10mi

(Syntec), a dose of . 1 m! per 100g for each animal. Then we performed the trauma, in
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which the animals, except for group C were placed prone in equipment for controlled
induction of wauma (guillotine) of the medial calcaneal tendon of the left paw in all

animals.

Experimental groups

The animals weie randomly divided into 8 groups: those who had not suffered
mechanical trauma (n=5) and did not undergo any treatment were named Control (C).
The groups of animals that underwent mechanical trauma (n=10/group) were named
according to the type of treatment and time of sacrifice. Those treated with LED were
named LED7, LED14 and LED delay, Diclofenac Sodium treatment, D7 and D14, The

ones that had induced tendinitis and did not undergo any treatment were T7 and T14,

Treatment with Diclofenac sodium

Doses of 08 ml of the dilution 3ml Diclofenac Sedium 75mg to 297ml of
dustilled water were npplied intraperitoneally.

Treatment was mitiated 12 hours after injury and continued cvery 24 hours for

seven days.

Treatment with Low Intensity Light Emitting Diode (LED)

A LED device (prototype) of low intensity, operating at a wavelength of 945nm
(£20nm) S0mW power was used

The LED was applied by contact with the left Achilles tendon during 120
seconds, yiclding a final 6J by punctual application. For the LED application the

animals were manually restramned and were irradiated at a 90° angle n relation to the
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tissue surface. Before the beginning of the experiments, the LED equipment was
calibrated with a power meter (Model 13 PEM 001/J, MellersGriot, Netherlands).

The treatment started 12 hours after the lesion and contmued for every 48 hours
until sacrifice (7 and 14 days). In group LED delay the treatment started from 7" day

until the 14" afler the lesion and continued for every 48 hours.

Euthanasia

Euthanasia of animals oceurred in a CO; chamber, following the times of 7 and
14 days after injury, The left tendons of all groups were dissected and extracted from
the insertion to the calcaneal myotendinous junction. Half of them (5/group) were used

in histology and the rest in mechanical traction assay.

Analysis of Inflammatory Cells

Five randomly selected scctions were stained with HE for each animal,
corresponding to the median of the Achilles tendons. The results were obtained by
counting the inflammatory cells present in five microscopic areas of tendon repair.
These analysis criteria were used for all groups.

Histomorphometric analysis was performed with an optical microscope. To get
the total number of inflammatory cells in the observation fields, program Image)® in its

function “cell counter” was used.

Qualitative Analysis of collagen types I and III
Five histological sections from each animal were stained with Picrosirius Red,
The material was cxamined under optical microscopy, with 40x, using polarized light

source, In this method thicker fibers are shown stained in red orange, representing
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collagen type I. While the thinner and more dispersed fibers were greenish representing

the type [ collagen [20].

Blomechanical Analysis

The tendon was used immediately after removal. For the test a sequence of
loading and unloading forces was applied to each tendon (strain = 1% of its length) and
this sequence was repeated until disruption [21]. Tendon length, width and height were
recorded before the mechanical test and these values were used to standardize results.
The tendons were attached to the universal assay machine (EMIC tensiometer, model
DL 200 MF). The musculotendinous junction was fixed at the bottom and
osteotendinous at the top of the tensiometer’s handle. The maximum force was recorded
at the time of rupture and compared among groups [22]. The results were expressed by

means of graphs represent the mechanical traction assay of the tendons of different

groups until breaking point.

Statistical Analysis

Statistical analysis of treated and untreated groups was made. The analysis was
conducted within and among groups, the values were tabulated and tested using
ANOVA with Tukey post-test for analysis of variance, and statistical significance level
of 5% (p <0.05).

The program used to perform statistical tests was GraphPadinSat ® version 3.0.
For the graphs, the mean and standard deviation of the number of inflammatory cells

was used through the GraphPadPrism® version 3.0 program.
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RESULTS
Effect of mechanical trauma, diclofenac sodium and LED on the amount of
inflammatory cells in tendon tissue,

Our results demonstrate a significant increase n the number of inflammatory
cells in tendon tissue 7 and 14 days after inducing the imjury, when compared to the
group of animals not subjected to the tendon trauma {control group) The count of
inflammatory cells in the group submitted to tendon lesion was 105.16+17.70
inflammutory cells on the 7th day after induction of the tendon lesions when compared
with control cell infiltrate group was 2.33+1.21 (p <0.05) inflammatory cells in the
same period. This was also observed 14 days afler inducing injury. Inflammatory
infiltrate of the tendon of animals not treated with LED or diclefenac sodium showed
significant increase of 105.16£17.80 cells when compared to the group that was not
submitted to mechanical tendon injury (control group) which was 2.3341.21 (p<0.05),
inflammatory cells.

Since the last century, several authors have shown in clinical practice that the
classical pharmacological treatment for the symptoms of acute or chronic inflammation
is effective in reducing pain and cdema [23], Our results support these findings, as the
animals treated with diclofenac sodium for 7 days after the induced mechanical trauma
presented a marked reduction in the number of inflammatory cells in tendon tissue to
5254130 (p<0.05) inflammatory cclls when compared with the group of lesioned
animals not treated with diclofenac, which showed a value of 105.16x17.70
inflammatory cells. When lesioned animals were treated with diciofenac sodium for 14
days after induction of injury, the tendon inflammatory infiltrate was significantly
reduced to 54.66+2.73 (p<0.05) inflammatory cells when compared to the untreated

group subjected only to mechanical trauma which presented [05.16+17.80
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inflammatory cells. Although less significant than the diclofenac, the non invasive and
beneficial treaiment with LED for relief of acute and chronic inflammation symptoms is
also well descnibed by many authors [16,17,18]. Our results show the beneficial cffects
of LED on a tendon injury induced by mechanical trauma model. In fact, animals
treated for 7 days wath LED (LED7) after induced lesion showed a significant reduction
of the tendon inflammatory infiltrate with a value of 54.2+8.9 (p <0.05) when éompared
to inflammatory cells of untreated njured animals (group T7) that showed
105.16£17.70 inflammatory cells in the tendon tissue. The same effect induced by the
LED, of reducing the number of inflammatory cells in tendon tissue 7 days after injury
induction, was also observed when the animals were treated with LED for 14 days after
injury induction. Under these conditions, the LED brought the celiular infiltrate number
1o the value of 73.0+10 2 mflammatory cells in the injured tendon animals compared
with the value of 105.16+17 80 inflammatory cells in injured animals not treated with
the LED. Among the phases of inflammation, the late phase is important because it is
responsible for the activation of the cellular machinery of tissue repair. Accordingly, our
results show that cven later, between 7 and 14 days after induction of injury, the
treatment with LED {LEDD) was effective in reducing the number of inflammatory
cells in tendon tissue to the value of 72.0£19.30 inflammatory cells after mechanical
trauma when compared with untreated lesioned animals, presenting an inflammatory
infiltrate with the value of 1051621780 cells. A comparnison of the number of
inflammatory cells between the groups is represented graphically in Figure | showing a
statistically significant difference between the treated and control groups.

[FIGURE 1]
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Effect of mechanical trauma, diclofenac sodium and LED on the types of collagen
fibers the tendon tissue.

The results presented in Figure 2 show that the control group of animals has a
predominance of red fibers, which are considered type I collagen fibers, with higher
ngidity, This corresponds to the state of not injured tendon since the type | collagen is
the most abundant in bones and tendons. In addition, within 7 days after tendon injury,
we demonstrated the presence of collagen fibers types I and 11 (green fiber) in the same
propostion. Similarly, animals treated with diclofenac sodium for 7 days afler the
induced tendon injury showed predominance of green fibers, which represent the type
1l collagen. In contrast, animals treated with LED 7 days afler injury induction
generated a predominance of red fibers, or collagen type 1. Fourtcen days after injury
induction it was possible to observe the presence of red fibers, type I, and green fibers,
type 111, in the same proportion. The group of animals that underweat tendon injury and
was freated with diclofenac sodium also showed the same ratio of collagen I and IIL
However, when animals with tendon injury were treated with LED 14 days after
induction of the injury an intense presence of type | collagen fibers, and low proportion
of type 11l collagen fibers was observed. Likewise, the injured animals treated with
LEDD, between 7 and 14 days after the induction of tendon trauma, also showed a
predominance of red fibers which represent collagen type |

[FIGURE 2]

Effect of mechanical trauma, diclofenac sodium and LED on the stiffness and
maximum breaking strength of the collagen fibers of the tissue.
Figure 3 illustrates that in accordance with the tensile test performed 7 days

after the induction of terdon injury changes in the angle and tensile strength of the
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tendon tissue can be observed. Indeed, our results show that seven days afler the tendon
trauma, the animals presented changes both in the angle that determines the nigidity of
the material and at full strength m the carly stages of the break. Interestingly, these two
numbers were lower in groups of animals treated with diclofenac or LED.

[FIGURE 3]

After 14 days of tendon damage, the untreated group showed a slight reduction
of the maximum force at the time of rupture, but an increased angle to the axis of
abscissa when compared with the control group. The animals treated with diclofenac
sodium for 14 days after reduction of tendon trauma maintamed the maximum breaking
force and angle determined nigidity. The lesioned groups treated with LED or LEDD
also showed a lower strength at rupture, represented graphically in Figure 4.

[FIGURE 4)

DISCUSSION
Several authors have shown that the application of phototherapy with the use of

light sources, coherent or not, is able to induce beneficial anti-inflammatory effects such
us reducing edema and pain and chronic inflammatory processes involving the skeletal
musculature and tendons [24-28].

In this study, we demonstrated that phototherapy with low intensity LED assists
in tendon repair process reducing classic signs of inflammation. Cell migration to the
tendon as well as the structural changes in the type of collagen induced by tendon imjury
suffered interference of phototherapy with LED 945 nm and fluency 6J. These results
corroborate previous studies that demonstrated that the LED irradiation contributes to
the improvement of repair process of the tissue tendon [15-19]. Another point worth
mentioning is the change of the mechanical forces involved in the ability of the tendons

to transmit tensile load. Our results show that the induced tendinitis reduced breaking
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strength and the ngidity of the tendon tissue. Studies by Casalechi and collaborators
(2014) showed that low power laser was able to restore ngidity and tensile strength of
the tendons of animals undergoing tendon inflammation, However, our findings indicate
that treatment with LED showed no beneficial effects on tensile loading of the tendon
after the injury induction. This docs not mean that the LED is not able to modulate
tendon traction response. Probably the dosimetry chosen for the control of inflammation
is not adequate to mitigate the changes in the tensile capacity of the tissue. Light
dosimetry when the therapy is noninvasive often lacks standardization of doses that are
really effective and can be reproduced. In fact, while the light undergoes all the effects
of interaction in the tissue to be absorbed, there is a technical difficulty in measuring
exactly how much light actually interacts with proteins end signaling molecules of the
beneficial effect of phototherapy. Although our results are unprecedented as to the
effect of LED on biomechanical parameters, the lack of knowledge about cell signaling
responsible for the effect of phototherapy on the tensile capacity of the tendon still does
not allow us to explain some peculiarities of phototherapy treatment. The rationale for
selecting the wavelength used in this study was based on studics by some authors who
have shown that the LED, with wavelengths in the red and infrared enable decreased
inflammation and increased proliferation of fibroblasts; in addition coilagen synthesis in
fibroblast culture and animal models with tendinitis induction by collagenase or tendon
rupture [17,24,25] The development of these changes in the course of the inflammatory
process is of fundamental importance to the beginning of the tissue repair process.
Despite the LED anti-inflammatory effects in the inflammatory response of skeletal
muscle, there are few studies that focus on the beneficial effects of phototherapy
parameters chosen in this study. Thus, experimental studies aimed at understanding the

effect of LED (945 nm and 6 1) on the mechanism of inflammation and the development
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of tissue repair are deemed important. Therefore we decided to investigate the effect of
the LED at a wavelength of 945 nm and fluency J. 6

In this paper we investigate the LED action in two different periods afier
tendinous injury, Thus, we evaluated the anti-inflammatory effect of the LED in the
acute phase and in the chronic phase (tissue repair) of induced tendinitis. Taking into
sccount the presence of inflammatory cells in the first days after injury induction, [29],
phototherapy in acute tendon injury procedure was performed for 7 days. The treatment
in the chronic phase was carried out in the group in which the tendon injury was
assessed 14 days after induction. This study also included & “delay” group in which the
initiation of treatment occurred 7 days after induction of injury, extending to 14 days.

With respect to cell migration induced by triggered tendinitis, our results show
that the chosen experimental model in this study is consistent with the view that mimics
the characteristic signs of tendon inflammation in adults. Indeed our results show a
significant increase in the number of inflammatory cells in tendon tissue of animals that
underwent the lesion procedure. Experimental studies of diseases that affect the skeletal
muscular system and tendons have observed a larger population of neutrophils when
compared to other cell populations also involved in the tendon inflammatory response
{30]. For this reason, the tendon injury has been characterized as a ncutrophilic
inflammation. Once they reach the site of inflammation, these neutrophils activated by
chemotactic proteins produced at the tendon damage site, are able to secrete large
amounts of metalloproteinases that affect dircctly the proteins that make up the structure
of tendons [31]. Furthermore, neutrophils secrete chemokines which attract more
neutrophils  significantly increasing the neutrophil inflammatory infiltrate  and,

consequently, the severity of the lesion [32].
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With respect to cell migration triggered by induced tendinitis, our results show
that the chosen experimental model m this study is consistent with the view that mimics
the charactenistic signs of tendon inflammation in adults. Indeed our results show 2
significant increase in the number of inflammatory cells m tendon tissue of animals
underwent lesion. Experimental studies of diseases that affect the skeletal muscular
system and tendons have observed & larger population of neutrophils when compared to
other cell populations also involved in the inflammatory response tendon [30], Once
they reach the site of inflammation, these neutrophils activated by chemotactic proteins
produced at the site of tendon damage, are sble to secrete large amounts of
metalloproteinases that act and affect directly the proteins that make up the structure of
tendons [31]. Furthermore, neutrophils secrete chemokines which attract more
neutrophils, significantly increasing the ncutrophil mflammatory nfiltrate, and
consequently, the sevenity of the lesion [32].

It is noteworthy that the population variance of inflammatory cells that migrate
into the injured tendon 1s time sensitive. Accordingly, our resuits show that despite the
presence of net'nrophﬂs in both periods (chronic and acute) afler induction of tendinitis,
some authors have demonstrated that the - number of macrophages increased
significantly when compared to the acute phase of the tendon mflammatory response
[22). The effect of metalloproteinases sccreted by neutrophils associated with the
participation of macrophages n the late phase of the inflammatory response puts these
cell populations in close connection with the tissue repair process, mainly due to the fact
that from the phagocytic activity of macrophages starts activation and transformation of
fibroblasts in the lesion site for tissue repair,

The severity of the injury direstly influcnces tissue repair as a more extensive

mjury will require increased availability of fibroblasts. These activated fibroblasts,
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primanily by growth and differentiation factors, give nise to a large amount of collagen
fibers of different types and functions [33) In many ceses an extensive fibrosis area
may develop in the tendon tissue impairing joint mobility.

Thus, studies investigating the anti-inflammatory effecs of therapies that are both
non-invasive therapies and have no side effects are of paramount importance for
treatment of chronic diseuses that most often follow the patient throughout life. The
LED is promising and meets these prerequisites. Phototherapy with polarized light
created from the LED has been quite effective in treating musculoskeletal disorders, in
experimental models and in chinical medicine. Accordingly, studies trying to
characterize & particular LED dose capable of controlling the exacerbation of the
inflammatory response and reduce the tendon pull capacity are considered im.poruml,

Tissue repair is an important part of the outcome of the inflammatory process for
the healing of the injured tissuc [22]. The degree of mobility impairment of an injured
organ is determined by several factors, from the activation of fibroblasts and
chondrocytes to the deposition and alignment of collagen fibers that replace the
damaged tissue Whereas the mechanical trauma affects the organ’s mobility, tissuc
repair is one of the most important factors in the joints and tendons inserted in skeletal
muscle, Our results show that the LED has an anti-inflammatory effect on cell
migration to the site of tendon injury. This demonstrates the effect of LED n reducing
inflammatory cells at the beginning of tendon repair process. These results are
consistent with the results found by Casalechr et al, 2009 and Xawvier et al,, 2010
[17,18]. In the chronic phase, the period from the 7th to the 14th day after the injury, the
treatment with LED was also able to reduce the number of inflammatory cells in tendon

tissue. Thus, low intensity LED therapy presented better photobiomodulators effects at
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the initial stage, but included a reduction in the number of inflammatory cells in both
periods

Since the primary function of tendons 1s to transmit tensile loading, experimental
studies of the biomechanical propertics of these lissues are important. They are usually
performed by tensile tests, which aim produce force versus deflection graphs, in which
mechanical properties are determined [34]. As for the tissue repair process, according to
the tensile test it has become clear that n a first moment, 7 days, the tendonitis group
showed a slight decrease in stiffness and in the second moment, [4 days, the same
group showed an increase in ngidity which can be related to a particular process of
fibrosis due to the inducing of inflammation. In this case, a more rigid tissue with a
lower strength can present an easier rupture process,

The groups treated with LED presented a reduction of the maximum breaking
strength, indicating little efficiency of this light source in the maintenance of the
mechanica! properties of the tendon, Unlike the low-intensity laser therapy. A similar
study the laser-treated groups showed an increase of this same strength in the tendon
rupture [22]. This leads us to assume that the LED is interfering ut some point in the
maturation of collagen or even increasing its degradation by enzymes stimulus such as
MMPs, This fact could be related to the wavelength used in this study (945), since
previous studies have found that LED therapy emitting in the red region has an
inhibitory effect over MMP-1 and MMP-2, besides enhancing the collagen synthesis
[35,36].

Worsening of these mechanical properties shows that LED therapy did not help
in their protection and maintenance, the same is true for the group treated with anti-
inflammatory, which also had lower results. This may be related to structural changes in

the tissue, since studies have shown that anti-inflammatory drugs in rat tendon injury
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reduce edema and inflammatory cell sccumulation, modification in the expression,
maturation and organization of collagen, without showing effect on the compliance and
tensile strength of the tendon [37,38).

The strength and elasticity results corroborate the findings obtained by
Picrosiruiusred technique with viewing under polarized light, relative to the type of
collagen. The groups treated with LED in both experimental periods (7 or 14 days after
inducing the tendon injury) showed a predominance of red fibers, representing collagen
type I, which is characterized by greater rigidity. Some authors found increased type |
collagen gene expression after LED uvse [39]. In normal tendons, which did not suffer
injury, type I collagen is up to 90% of its fibers [40]. Other studies also show the LED
effects in the increase of both collagen type [ and type 111 production [19,24]. Authors
point out that Achilles tendons that have suffered spontancous rupture have high
amounts of type Il collagen in the remodeling phase [41,42], diverging from the
findings observed in the group of this study.

Studies show positive effects in relation to quality of tissue repair during the
tendon healing process with improved organization and alignment of collagen fibers
[16,17). Corroborating the findings in this study, it is possible to observe the adequacy
of alignment of the fiber alignment.

Thus, we suggest that the LED 945nm was effective in reducing the number of

inflammatory cells, but did not prevent functional limitations m the models of traumatic

injury

41



W U S W N e

CONCLUSION

We concluded that treatment with low intensity LED in the studied parameters
and times reduces migration of inflammatory cells, It also impeoves the quality of the

tendon tissue repair, but is not effective in maintaining the biomechanics of tendon
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Figure | (A) Chart comparing the number of inflammatory cells on day 7 among the
treated and control groups, *** Highly significant (p <0.001). (B) Graph comparing the
number of inflammatory cells at day 14 between the treated and control groups, ***

Highly significant (p <0.001), * significant (p <0.05),

Figure 2 Photomicrographs of histological tendons sections of treated and control

animals at different times of cuthanasia, (Picrosirius Red, original magnification x 40),

Figure 3. Graphic resistance and elasticity at 7 days. *** Highly significant (p <0.001)

Figure 4. Graph resistance and elasticity at 14 days. *** Highly significant (p <0 001),

*+* significant {p <0.01).
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4.3 Dados nédo publicados

4.3.1 METODO

A metodologia a ser apresentada é referente aos resultados adicionais, que ainda

ndo foram publicanos e ndo serdo apresentados no formato de artigo.

e Aspectos Eticos

Os aspectos éticos deste estudo seguiram as premissas da Sociedade Brasileira
de Experimentagdo Animal (COBEA) sendo realizado de acordo com as orientagoes
para o cuidado animal. Os procedimentos experimentais foram avaliados e aprovados
pelo Comité de Etica em Pesquisa na Utilizagdo de Animais — CEUA da Universidade
Nove de Julho (UNINOVE), sob registro: 0032/2012.

e Animais

Foram utilizados ratos, machos, jovens, linhagem Wistar (240 + 20g), Os
animais passam por um periodo de ambientacdo e adaptacdo de uma semana, no
Biotério de passagem da Uninove antes de se iniciarem 0s experimentos, em um ciclo
de claro e escuro de 12 horas e com alimentacdo e agua a vontade.

¢ Inducéo da tendinite

Os animais foram pesados e posteriormente anestesiados com cloridrato de
Ketamina a 10% e cloridrato de Xilazina a 2% (87 e 13 mg/kg respectivamente) com
aplicacdo intraperitoneal. Todos os cuidados prévios foram tomados para evitar
qualquer desconforto para os animais. Os animais foram posicionados em aparelho para
a producdo de uma contusdo controlada na regido medial do tenddo de Aquiles.

Apos os procedimentos descritos acima, os animais ficaram mantidos aquecidos
até a finalizacdo do efeito anestésico, com o objetivo de se evitar a morte acidental por
hipotermia decorrente da anestesia. Os animais receberam analgésico dipirona por via
oral, nos dois primeiros dias ap0s a inducdo da contusdo, para a prevencdo de qualquer
desconforto possivel.

e Grupos Experimentais

Os animais foram aleatoriamente distribuidos em 9 grupos, subdivididos em dois

periodos experimentais, quatro grupos no periodo de 7 dias, e cinco grupos no periodo

de 14 dias, conforme a figura 1:
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14 Dias

Figura 1: Representacdo esquematica dos grupos experimentais utilizados.

Grupo CONT: grupo controle, ndo houve inducdo da tendinite e os animais ndo
receberam nenhum tipo de tratamento.

Grupo TEND: controle-tendinite, a tendinite foi induzida por meio de trauma, conforme
descricdo, porém ndo houve tratamento, foram simuladas as mesmas técnicas de
aplicacdo da irradiagdo com o equipamento desligado.

Grupo LASER: a tendinite foi induzida e os animais foram tratados com laser (6J), no
infravermelho (830nm), a partir de doze horas ap6s a inducdo da tendinite, em dias
alternados, até o 7° ou 14 ° dia de acordo com o periodo experimental.

Grupo LED: a tendinite foi induzida e os animais foram tratados com LED (6J), no
infravermelho (945nm), a partir de doze horas ap6s a inducdo da tendinite, em dias
alternados, até o 7° ou 14 ° dia de acordo com o periodo experimental.

Grupo LASER Delay: a tendinite foi induzida e os animais foram tratados com laser
(6J), no infravermelho (880nm), a partir do 7° ao 14° dia ap6s a inducdo da tendinite, em
dias alternados.

Grupo LED Delay: a tendinite foi induzida e os animais foram tratados com LED (6J),
no infravermelho (945nm), a partir do 7° ao 14° dia apos a indugdo da tendinite, em dias
alternados.
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e Terapia Laser:
Os parametros estdo detalhados na tabela 2. Antes do inicio dos experimentos, o
equipamento de laser foi aferido com um medidor poténcia (Model 13 PEM 001/J,
Mellers Griot, Netherlands).

Tabela 2: Parametros de irradiacdo do Laser

Parametros de irradiacéo Laser
Comprimento de onda 830nm
Poténcia 50mw
Dose 6J
Densidade de poténcia 3.57W/cm?
Densidade de energia 107J/cm?
Area de saida do feixe 0.028 cm?
Tempo 120s

e Terapia LED:
Os parametros estdo detalhados na tabela 3. Antes do inicio dos experimentos, 0
equipamento de laser foi aferido com um medidor poténcia (Model 13 PEM 001/J,
Mellers Griot, Netherlands).

Tabela 3: Parametros de irradiagédo do LED

Parametros de irradiacéo LED
Comprimento de onda 945 nm (x10nm)
Poténcia 50 mW

Dose 6J

Densidade de poténcia 0,06W/cm?
Densidade de energia 7,68J/cm?

Area de saida do feixe 0,5cm?

Tempo 120s

Para aplicacdo das terapias tanto Laser quanto LED os animais foram
posicionados em decubito ventral e imobilizados manualmente. As patas traseiras foram
imobilizadas seguindo-se da aplicacdo transcutanea do laser/LED. Para efeito do
tratamento os animais foram expostos a radiacao laser/LED em dias alternados, ou seja,
com um intervalo de 48 horas entre as aplicagdes. A terapia teve inicio 12 horas apos a

inducdo da tendinite nos grupos Laser e LED, e no sétimo dia nos grupos Laser e LEDT
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Delay, tendo-se o cuidado para que todos tivessem a mesma manipulacdo diaria em

mesmo horério.

e Estimativa de penetracdo da terapia
A estimativa da quantidade de energia que penetra no tecido foi realizada por
meio de calculos com base nos coeficientes de absorcdo e dispersdo do tendao
(CHEONG et al. 1990; WILSON et al. 2014).
De acordo com os calculos a terapia com Laser (830nm) penetrou 5,0 mm no

tend&o, ja com LED (945nm) penetrou 3,7 mm no tendao.

e Modelo de eutanasia

Os animais foram eutanasiados conforme protocolo experimental, com a
utilizacdo da camara de CO2, calibrada para o nivel entre 70 a 80% de ocupacdo da
camara (disponivel no biotério de passagem da UNINOVE). Os animais foram
conduzidos individualmente até a camara e colocados imediatamente em contato com o
gas para perda rapida de consciéncia e hipdxia, atribuida a depressao dos centros vitais.

A remocao dos tenddes foi feita por dissecacdo, sendo realizada uma primeira
incisdo na juncdo miotendinea seguido por uma incisdo na juncdo osteotendinea, na
insercdo calcanear. Em seguida, os tenddes foram devidamente identificados e
armazenados em tubos para criogenia Nalgene®, acondicionados em nitrogénio liquido
a 196°C negativos, descongelados apenas no momento da utilizacdo para as analises.
Foram retirados os tenddes direitos de todos os animais e quatro tenddes esquerdos de

cada grupo.

¢ Reacdo de Polimerizacdo em Cadeia em Tempo Real (Real-Time PCR)

Os procedimentos para utilizacdo desta técnica foram realizados no
Departamento de Ciéncias da Reabilitacdo da Universidade Nove de Julho
(UNINOVE), onde foram analisadas a expressao génica das seguintes citocinas: IL-6 e
TNF-a, e das enzimas COX-1 e COX-2. O tend&o, ap6s removido foi imediatamente
congelado em nitrogénio liquido e mantido a -80°C até o processamento. O RNA total
foi extraido usando o reagent 26 Trizol (Gibco BRL, EUA) de acordo com instrucfes do
fabricante. Apos tratamento com DNAse, a sintese dos cDNAs foram processadas pelo
método da transcriptase reversa empregando a enzima SuperScript (Invitrogen) a partir
de 2 pg de RNA total e na presenca de mistura de primers randdmicos e oligo dT. Os

experimentos de Real-Time PCR foram programados da seguinte maneira: 1 ciclo de
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desnaturacdo inicial de 10 min a 95°C, e 40 ciclos de amplificagdo (30 seg de
desnaturacdo a 95°C e 1 min de anelamento e extensdo a 60°C); as sequéncias dos
primers que foram utilizados constam no trabalho de Wang et al. (2004). Os resultados
foram interpretados usando a formula 2-Ct (Ct: numero de ciclos necessarios para
atingir o limiar de fluorescéncia acima do valor de fundo - background) que relaciona a
expressao do gene de interesse comparado aquela do gene controle 3-actina.

e Determinacao de Eicosandides TNF-a e IL-6

A dosagem das citocinas TNF-o ¢ IL-6 das amostras de Tenddo de Aquiles
foram realizadas pelo teste imunoenzimatico (ELISA), seguindo instrucbes do kit
comercial (R&D System, EUA). Para tanto, placas de 96 pocos foram sensibilizadas
com 100ul de anticorpo monoclonal para cada citocina: anti-IL-6 diluido em tamp&o
carbonato de sddio (0,1M, pH 9,6), enquanto anti TNF-a. foi diluido em tampdo fosfato
de sddio (0,2M, pH 6,5). As placas foram incubadas (4°C) por 18 h. Para o blogueio, as
placas foram lavadas com PBST (solugcdo PBS contendo 0,05% de Tween 20) por 4
vezes e depois preenchidas com 300 pl/pogo de solucdo de bloqueio (3% gelatina em
PBST, Sigma) a 37°C por 3 horas e submetidas a novo ciclo de lavagens. A seguir,
100ul das amostras devidamente diluidas ou dos padrdes das citocinas recombinantes
foram adicionados a placa e deixadas por 18 h em temperatura de 4°C. Apo6s lavagem,
100ul dos respectivos anticorpos biotinilados especificos de detecgdo para cada citocina
foram acrescentados e deixados por 1 h em temperatura ambiente. Apo6s lavagem das
placas, o volume de 100ul de estreptavidina — peroxidase foi adicionado e deixado por 1
h em temperatura ambiente (22°C) seguida de novas lavagens. A reacdo foi revelada
pela adicao de 100 pl/pogo da solugcdo de 3.3°5.5° tetrametilbenzidina (TMB) e
interrompida pela adi¢do de 50 ul/pogo de acido sulfarico (2 N). A leitura foi realizada
em espectrofotdmetro Espectra Max plus 384 (Sunnyvale, CA, EUA) em comprimento
de onda de 450nm com correcdo a 570 nm. As concentracdes das amostras foram
calculadas a partir das curvas-padréo obtidas com as citocinas recombinantes. O limite
de detec¢do para TNF-a é de 1,95 pg/mL, enquanto para IL-6 € de 15,6 pg/mL.

e Analise Estatistica
PCR-RT:
Os dados obtidos foram analisados estatisticamente pelo teste Kolmogorov-
Smirnov quanto a distribuicdo. Para os dados com distribuicdo paramétrica foi realizado

0 teste ANOVA uma via complementado pelo teste de Student-Newman-Keuls. Os
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dados ndo paramétricos foram analisados com o teste de Kruskal-Wallis
complementado pelo teste de Dunns.

Teste Imunoenzimatico (ELISA):

Os dados obtidos foram analisados estatisticamente pelo teste de analise de
variancia com 5% de probabilidade (ANOVA) e, quando necessario outro teste para
determinacdo da diferenga encontrada foi utilizado o teste de Tukey, também com 5%

de probabilidade.
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4.3.2 RESULTADOS
e Analise da expressao génica
As analises da expresséo génica das citocinas: 1L-6, TNF-a, ¢ das enzimas COX-
1 e COX-2, mostraram redugdo na expressao para TNF-o e COX2 para o tratamento

com laser e com LED, no periodo de 7 dias, conforme mostram os dados na tabela 4.

Tabela 4: Dados de expressao génica para tempo de 7 dias

Controle Tendinite Laser LED
IL-6 0,1040,17 0,71+0,37 0,4310,27 0,41+0,41
TNF-a 0,14+0,25 1,41+0,18 0,85+0,3" 0,96+0,25"
COx-1 0,910,22 0,5910,24 0,42+0,23 0,57+0,22
COX-2 1,10+0,6 2,57+0,27 1,84+0,4* 1,760,29%

#n<0,01 vs. Tendinite
As analises da expresséo génica das citocinas: IL-6, TNF-a, ¢ das enzimas COX-
1 e COX-2 no periodo de 14 dias ndo apresentaram diferencas estatisticamente

significativas, conforme mostram os dados na tabela 5.

Tabela 5: Dados de expressédo génica para tempo de 14 dias

Controle Tendinite Laser LED Laser D LED D
IL-6 0,10+0,17 0,4510,12 0,51+0,4 0,3610,12 0,7610,33 0,59+0,33
TNF-a 0,14+0,25 1,3410,35 0,8210,26 1,18+0,24 0,90+0,43 0,6510,28
COox-1 0,910,22 0,42+0,23 0,41+0,28 0,63+0,23 0,36+0,35 0,48+0,28
COX-2 1,10+0,6 1,73+0,66 1,76+0,55 1,63+0,38 1,92+0,49 1,65+0,47

N&o houve diferencas significantes entre os grupos para qualquer comparagao.

e Auvaliacdo dos Niveis de IL-6 e TNF-a
Observa-se que em 7 dias houve um aumento do nivel de IL-6 nos grupos
tratados em relacdo ao basal e tendinite, representado graficamente na figura 2. Ja em
14 dias pode-se observar um menor nivel de IL-6 no grupo laser em relagdo aos demais

grupos que receberam inducéo da tendinite, representado graficamente na figura 3.
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Figura 2: Grafico de comparacédo dos niveis de IL-6 no periodo de 7 dias entre o0s
grupos controle e tratados. *indica diferenca significante
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Figura 3: Grafico de comparacédo dos niveis de IL-6 no periodo de 14 dias entre 0s
grupos controle, tratados e tratados delay.*** indica diferenca significante para os
grupos p<0,001.

Os resultados de comparacdo dos niveis de TNF-a entre os grupos controle e
tratados no periodo de 7 dias apresentaram diferencas estatisticamente significativas,
pode ser observada a diminuigdo dos niveis dessa interleucina nos grupos tratados em
relagcdo aos grupos basal e tendinite, representado graficamente na figura 4. Em 14 dias

ndo foram encontradas diferencas estatisticamente significativas, pode ser observado
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maior nivel de TNF- a no grupo LED D em relagdo aos demais grupos que receberam

inducdo da tendinite, representado graficamente na figura 5.
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Figura 4: Grafico de comparacédo dos niveis de TNF-ao no periodo de 7 dias entre
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Figura 5: Gréfico de comparacéo dos niveis de TNF-a no periodo de 14 dias
entre os grupos controle, tratados e tratados delay. *indica diferenga significante para os
grupos

p< 0,05 ***indica diferenca significante para os grupos p< 0,001.
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5. DISCUSSAO

A irradiacdo laser modula diversos processos biologicos, como: aumento da
respiracdo mitocondrial e sintese de ATP; acelera a cicatrizacdo de feridas; promove
regeneracdo do masculo esquelético apds lesdo; diminui a resposta inflamatéria e
estimula a neovascularizagdo. Também induz a sintese de proteinas (BJORDAL et al.,
2006).

Os resultados demonstrados no presente estudo confirmam a hipotese de que a
fototerapia auxilia no processo de reparacdo tendinea, pois, promove a modula¢do da
resposta inflamatdria, conforme os dados apresentados. Esses resultados corroboram
com estudos anteriores que demonstraram que a irradiacdo laser modula varios
processos biolégicos (BJORDAL et al., 2006).

Em estudos anteriores, alguns autores observaram que o laser no comprimento
de onda 904nm proporciona diminuicdo da inflamacdo e aumento da sintese de
colageno (DEMIR et al., 2004; FILLIPIN et al., 2005). Neste sentido, optou-se
investigar o efeito da fototerapia na regido do infravermelho proximo, a dose escolhida
foi de 6J para o processo de reparacdo tendinea, por estar dentro da faixa de doses
estudadas pelo nosso grupo de estudo.

O presente trabalho utilizou animais machos, por apresentarem menor incidéncia
de alteracbes hormonais, reduzindo possiveis implicacbes no processo de reparagdo
tendinea (ARRUDA et al., 2007). O tenddo selecionado para este estudo foi o tendao
calcaneo ou tenddo de Aquiles, devido a facilidade do acesso, pois é superficial a pele,
apresenta forma anatbmica ampla e permite facilidade na execucdo da técnica
experimental (CUNHA et al., 2001).

O perfil temporal do processo inflamatério de estruturas que compdem o sistema
musculoesquelético revela diferencas importantes no desenvolvimento da inflamacéao e
no reparo tecidual. Com esse tipo de analise temporal, € possivel correlacionar o grau de
lesdo com as alteracdes celulares e teciduais que implicam na migracdo de células
inflamatdrias e perda da funcdo mecénica, respectivamente. Além disso, a analise
temporal permite avaliar a eficacia e os possiveis efeitos deletérios de terapias
empregadas no tratamento dessas afec¢des. Assim, 0 presente estudo teve duas fases de
tratamento para investigar a agdo da fototerapia no processo de reparagdo tendinea. O
tratamento na fase aguda do processo de reparagdo do tendao foi realizado no periodo
de 7 dias, considerando a presenca de células inflamatorias responsaveis pelo processo

de cicatrizacdo ja nos primeiros dias apos a lesdo (ENWEMEKA, 1989). E o tratamento
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na fase cronica foi realizado nos grupos 14 dias, visto que decorrido este periodo é
possivel avaliar o processo de reparagdo do tecido e alteragGes de sua funcionalidade.
Além disso, a avaliacdo temporal da tendinite ja vem sendo estudada por nosso grupo de
pesquisa (XAVIER et al., 2010; PIRES et al., 2011; CASALECHI et al., 2013;
XAVIER et al., 2014).

O valor da média de células inflamatorias dos animais do grupo tratado com
laser no periodo de 7 dias apds a lesdo foi menor, comparado a média dos animais do
grupo controle do mesmo periodo. Esta diferenca foi estatisticamente significativa,
demonstrando o efeito do laser na diminuicdo de células inflamatérias no processo de
reparacdo do tendédo. Estes resultados estdo compativeis com os resultados encontrados
por Enwemwka et al., 2000 and Carrinho et al., 2006.

Os valores de média e desvio padrdo do grupo tratado com laser no periodo do
1° ao 14° dia apo6s a leséo, considerado um dos grupos do tratamento na fase crénica,
foram os menores valores encontrados em todos os grupos do experimento. Diante
desse resultado, pode-se afirmar que a TLBI apresentou seus melhores resultados neste
grupo, pois através de seus efeitos fotobiomoduladores, proporcionou maior diminuigdo
de células inflamatérias neste grupo. O tratamento com LED também obteve o mesmo
padrdo de reducdo no numero de células inflamatorias.

Ainda em relacdo a importancia da reducdo da migracdo de mondcitos e
neutrofilos para o sitio da inflamacéo esta o fato de que estas células, depois de atraidas
para o foco da inflamacdo, secretam diversos mediadores inflamatdrios que sdo capazes
de perpetuar a inflamacdo visto que sdo responsaveis por atrair mais células pro-
inflamatorias para o sitio da lesdo. Dentre os mediadores pré-inflamatérios envolvidos
na resposta aguda e crénica da inflamacéo, podemos citar o TNF-a e a interleucina (IL-)
6. A resposta inflamatoria também conta com a influéncia da citocina anti-inflamatéria
IL-10. Essa citocina participa da resposta imunoldgica e inflamatdria, e tem a funcéo de
modular a secre¢do de mediadores pro-inflamatérios, seja reduzindo a expressao génica,
ou até mesmo, atenuando os efeitos deletérios da inflamacdo (VOLTARELLI, 1994).
Vale ressaltar, que o balanco entre a secrecdo e os efeitos de mediadores pré e anti-
inflamatorios garantem a integridade tecidual e com isso a funcionalidade do tecido
estudado. Em contrapartida, a inflamacéo gera um desequilibrio entre as respostas pro e
anti-inflamatorias para que o tecido lesado seja reparado. Apesar disso, algumas
respostas inflamatdrias sdo bastante exacerbadas e isso desloca o eixo de equilibrio da
resposta inflamatdria resultando em uma resposta que ndo € mais capaz de se

autorregular. A partir desse contexto, se faz necessario 0 uso de terapias capazes de
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atenuar o efeito pro-inflamatorio, a0 mesmo tempo, que garantam a fungéo de citocinas
que tem habilidade de reduzir a exacerbacdo da inflamagéo. Os resultados do presente
estudo mostram que a Fototerapia se enquadra nesse requisito, os achados encontrados
por meio do teste imunoenzimatico ELISA indicam a diminuicdo do nivel de TNF-a
secretado nos grupos tratados com Laser e LED no periodo de 7 dias, resultado da
modulacéo do processo inflamatdrio na fase aguda. Outros autores afirmaram em seus
estudos que os efeitos antiinflamatdrios da TLBI estdo diretamente relacionados a
diminuicdo do teor plasmatico de citocinas pro-inflamatdrias como a TNF-a, IL-6 e IL-
2 (NOMURA et al.,, 2001; ZHEVAGO et al.,, 2006; AIMBIRE et al., 2006;
ALBERTINI et al., 2008). Os efeitos fotobiomoduladores da TLBI, também séo
associados ao aumento da producdo de fatores de crescimento, como bFGF e IGF-1
(SAYGUN et al., 2008). Assim, a TLBI estaria colaborando para a quebra do feed-back
positivo da inflamacdo e favorecendo o processo de reparo.

De acordo com nossos resultados, em relacdo a expressdo génica das citocinas:
IL-6 e TNF-a, ¢ das enzimas COX-1 e COX-2, foi demonstrada reducdo na expresséo
de IL-1, IL-6 e COX nos grupos tratados com laser e com LED, no periodo de 7 dias.
Logo, os resultados do presente estudo indicam que a Fototerapia estd modulando a
resposta inflamatdria da fase aguda da tendinite contribuindo para a reducdo da
retroalimentacdo positiva do processo inflamatorio, onde células inflamatorias
produzem mediadores inflamatdrios que por sua vez atraem mais células para o sito da
lesdo, em um ciclo que exacerba e perpetua a resposta inflamatoria. Assim, podemos
esperar uma melhor qualidade na reparacdo tecidual, dados estes que sdo confirmados
pelo ensaio de resisténcia a tracdo no grupo laser, 0 grupo mais resistente a ruptura e
com menor rigidez de tecido até mesmo que o grupo LED.

Em relacdo ao periodo experimental de 14 dias apds a inducdo da tendinite, o
que diz respeito a expressdo génica dos mediadores, 0s resultados aqui demonstrados
apontam que tanto o laser como o LED ndo foram capazes de reduzir nenhum dos
mediadores inflamatorios estudados. Da mesma forma, a Fototerapia também néo foi
eficaz em reduzir a concentragdo proteica do mediador TNF-o nesse periodo, mas
reduziu a concentracdo proteica de IL-6 quando os animais foram tratados apenas com
laser de baixa intensidade. Se analisarmos em conjunto os resultados obtidos no
presente estudo, pode ser evidenciado que a fototerapia foi eficaz em reduzir o namero
de células inflamatorias no periodo de 14 dias ap0s a indugdo da tendinite. Entretanto, é
importante considerar que a fototerapia também tem limitacdes de eficacia. Assim,

embora a dosimetria escolhida seja recomendada para o tratamento de processos
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inflamatorios, 0 momento da irradiagdo pode nédo ser o ideal para a reducdo de todos 0s
mediadores inflamatdrios envolvidos na tendinite.

Os estudos experimentais das propriedades biomecanicas sd@o fundamentais visto
que a principal fungéo dos tenddes é transmitir carga ténsil, estes estudos, sdo realizados
por meio de ensaios de tracdo, com o objetivo de adquirir graficos de forca-deformacéo,
nos quais as propriedades mecéanicas sao determinadas (REIFF et al., 2007). Em relacdo
ao processo de reparo de acordo com o teste de tracdo foi possivel evidenciar que o
tratamento utilizando o laser conseguiu alterar algumas propriedades mecéanicas do
tendao, tais como a forca maxima no instante da ruptura do tecido e o maior angulo que
se forma na regido linear de cada curva indicando a rigidez do material. Enquanto no
primeiro momento (7 dias) o grupo lesionado e ndo tratado apresentou discreta
diminuicdo da rigidez, no segundo momento (14 dias) 0 mesmo grupo apresentou um
aumento da rigidez que pode estar relacionado a um processo de fibrose determinado a
partir da inducdo da inflamacdo. Neste caso, um tecido mais rigido e com uma forca
menor pode apresentar um processo de ruptura facilitado. Enquanto o grupo lesionado
ndo tratado apresentou discreta reducdo da forca de ruptura, o grupo lesionado e tratado
com laser apresentou um aumento desta mesma forca, bastante superior até mesmo ao
grupo trado com LED. O grupo lesionado e tratado com diclofenaco foi o grupo que
apresentou resultados menores, indicando uma piora destas propriedades mecéanicas.

Neste caso, a utilizacdo deste antiinflamatdrio ndo ajudou na protecdo, no reparo
do tecido e na consevacdo de suas propriedades mecanicas. O que pode estar
relacionado com a alteracdo estrutural do tecido, pois estudos mostram que 0 uso de
antiinflamatérios em lesdo tendinea de rato causa reducdo do edema e do acimulo de
células inflamatorias, modificacdes na expressdo, organizacdo e maturacdo do colageno,
sem demonstrar o efeito sobre a complacéncia e ressisténcia a tracdo do tenddo
(CARLSTEDT et al., 1987; MARSOLAIS et al., 2003).

Os resultados de resisténcia e elasticidade corroboram o achado em relacdo ao
colageno do tipo Il1, que no grupo laser em 14 dias apresentas-se em proliferacdo. Nos
tenddes normais, que nao sofreram lesdo, o colageno tipo | representa até 90% de suas
fibras (TSAI et al., 2007). Alguns autores observaram que em tenddes calcaneos que
sofreram ruptura espontanea apresentam quatidade elevada de colageno tipo I
(COOMBS et al., 1980; DORAL et al., 2010). Acordando com os achados obtidos pela
técnica de Picrosiruius red, com visualiza¢do sob luz polarizada, observados no presente

estudo.
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Desta forma, podemos sugerir que o laser em 830nm se mostrou efetivo na
reducdo das limitagdes funcionais nos modelos de tendinite traumatica, existindo uma
correlacdo entre os efeitos celulares e funcionais. No entanto, o LED em 945nm se
mostrou efetivo na reducdo do ndmero de células inflamatorias, porém ndo evitou

limitacGes funcionais nos modelos de lesdo traumatica.
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6. CONCLUSAO

Este trabalho nos permite inferir que:
e Laser
- Reduziu o infiltrado inflamatério.
- Melhorou a organizacao das fibras colagenas e a qualidade do reparo tecidual.
- Foi eficiente na manutencgéo das propriedades mecanicas do tendao.

- Reduziu a expresséo génica e a secregdo de mediadores inflamatorios.

e LED
- Reduziu o infiltrado inflamatério.
- Melhorou a organizacao das fibras colagenas e a qualidade do reparo tecidual.

- Reduziu a expressao génica e a secrecdo de mediadores inflamatorios.
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