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RESUMO

EFEITOS AGUDOS DO USO DO LASER DE BAIXA POTENCIA NA FUNGAO
MUSCULAR EM PACIENTES COM INSUFICIENCIA CARDIACA

A insuficiéncia cardiaca (IC) esta associada com sintomas de intolerancia ao
exercicio, dispneia e fadiga muscular; isto pode levar a um impacto negativo na
qualidade de vida desses pacientes. Assim, novas abordagens sdo necessarias
para minimizar os sintomas e melhorar a qualidade de vida de pacientes com
IC. O laser de baixa poténcia (LBP) tem se mostrado como uma terapia
adjuvante promissora para diminuir os sintomas musculares periféricos.
Objetivou-se estudar o efeito do LBP na fungdo muscular e na oxigenacgéo
tecidual dos membros inferiores de individuos com IC. Realizou-se um estudo
clinico aleatorizado, duplo-cego, incluindo 14 individuos com IC, com quadro
estavel, classe Il ou Ill segundo a New York Heart Association (NYHA). A
fungcdo muscular e oxigenacgao tecidual, do membro inferior dominante foram
avaliadas pré e pos-intervencdo aguda com LBP, em 3 sessdes: familiarizagao,
LBP, placebo. As ultimas duas sessdes foram randomizadas. O LBP (5 diodos,
comprimento de onda de 850 nm; Poténcia de saida = 200 mW; tamanho do
ponto de 0,06; 5 J por diodo) foi aplicado em seis regides do musculo
quadriceps. A fungdo muscular e fadiga foram avaliadas com um dinamémetro
isocinético e, concomitante aos testes isocinéticos, foi verificada a oxigenagao
tecidual com o uso de espectroscopia no infravermelho proximo (NIRS). Foi
analisada a concentragdo de oxiemoglobina (O;Hb), deoxiemoglobina (HHb) e
hemoglobina total (THb); torque muscular, fadiga e percepg¢do de esforgo,
durante os testes isocinéticos. O protocolo de fadiga consistiu de contragdes
isocinéticas concéntricas e excéntricas (cc/ce) até a exaustao ou até atingir 50
cc/ce. Trés repeti¢cdes de pico de torque (PT) foram realizadas antes e apdos o
protocolo de fadiga. A normalidade dos dados foi analisada pelo teste de
Shapiro Wilk. Os grupos foram comparados pelo teste ANOVA one-way e post-
hoc LSD ou pelos testes de Mann-Whitney e Wilcoxon (p <0,05). Nao foram
encontradas diferengas entre os grupos em relacdo a fadiga muscular e a
percepgao de esforgo. O grupo LBP apresentou aumento na O,Hb durante o
pico de torque final (PTf) (3,81 £ 1,48 uM; p < 0,003). Durante o teste de fadiga



muscular, ambos os grupos aumentaram os valores de THb (p < 0,05) e
apenas o grupo LBP aumentou a HHb (p = 0,01). O LBP n&o foi capaz de
produzir efeito agudo sobre a fadiga muscular periférica em individuos com IC,

mesmo com indicativo de melhora do fluxo sanguineo nos membros inferiores.

Palavras-chaves: Insuficiéncia Cardiaca, Laser, Fadiga Muscular, Torque,
Oxigenacao.



ABSTRACT

ACUTE EFFECTS OF LOW LEVEL LASER THERAPY IN MUSCLE
FUNCTION IN PATIENTS WITH HEART FAILURE

The heart failure (HF) is associated with symptoms of exercise intolerance,
muscle fatigue and dyspnea; this can lead to a negative impact on quality of life.
Thus, new approaches are required to minimize the symptoms and improve the
quality of life of HF patients. The low level laser therapy (LLLT) has been shown
as a promising adjuvant therapy for decreasing peripheral muscle symptoms.
The aim of this study is to investigate the acute effects of low level laser in
muscle function and tissue oxygenation of the lower limbs of patients with HF.
A randomized clinical trial, crossover, double-blind was conducted in 14 14
individuals with HF, stable, class Il or Il according to NYHA. The muscle
function of the dominant lower limb was assessed pre and post-acute
intervention of LLLT or placebo in 3 sessions (equipment familiarization,
placebo and LLLT). The last 2 sessions were randomized. The LLLT was
applied in 6 points of the quadriceps muscle (5 diodes, wavelength 850 nm,
output power = 200 mW, spot size 0.06, 5 J per diode). Muscle function and
fatigue were evaluated with an isokinetic dynamometer and concomitant with
the isokinetic tests to verified tissue oxygenation with the use of near infrared
spectroscopy (NIRS). The concentrations of oxyhemoglobin (O3Hb),
deoxyhemoglobin (HHb) and total hemoglobin (THb) were analyzed; muscle
torque, fatigue and perceived effort, during isokinetic tests. The fatigue protocol
consisted of concentric and eccentric (cc/ec) isokinetic contractions until
exhaustion or until achieve 50 cc/ex contractions. Three overlay peak torque
trials were performed before and after the fatigue protocol. The normality of the
data was assessed with Shapiro Wilk test. Groups were compared by a one-
way ANOVA and LSD post-hoc tests or a Mann-Whitney and Wilcoxon tests (p
< 0.05). No differences were found between the groups in relation to muscle
fatigue and the perceived effort. The LLLT group showed an increase in
oxyhemoglobin (O2Hb) during the final peak torque (3.81 £ 1.48 uM; p < 0.003).
In the fatigue testing, both groups increased the total hemoglobin (THb) values
(p <0.05) and only increased LLLT group deoxyhemoglobin (HHb) (p = 0.01).
The LLLT was not able to produce acute effects on peripheral muscle fatigue in



patients with HF, despite indications of blood flow improvement in the lower

limbs.

Key-words: Heart Failure, Laser, Muscle Fatigue, Torque, Oxygenation.
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1 INTRODUGCAO

A insuficiéncia cardiaca (IC) € um importante problema de saude publica
sendo considerada uma epidemia emergente (FLAHERTY et al., 2009). Assim,
estratégias sdo necessarias para melhorar os sintomas e diminuir os altos
gastos com recursos de saude. Sua prevaléncia tem aumentado a medida que
a populagcdo envelhece, e estd associada a alta taxa de mortalidade e
necessidade frequente de internacdo hospitalar (DUNLAY et al., 2014;
PEREIRA-BARRETO et al., 2015) sendo responsavel por grande custo social e
econdmico (TAYLOR et al., 2015). A etiologia da IC varia de uma doencga
isquémica do coragao até longos periodos sustentados de hipertensao arterial
e patologias cardiacas valvares. Estas, por sua vez, podem levar a adaptacdes
periféricas danosas, tais como disfungcao endotelial e musculoesquelética, além
de ineficiéncia ventilatéria. Teoricamente, qualquer doenca cardiaca pode
resultar, em ultima instancia, na insuficiéncia cardiaca e, em muitos casos, o
insulto causador permanece desconhecido (VON HAEHLING et al., 2009).

Estima-se que 6,4 milhdes de brasileiros sofram de IC (ROSSI NETO,
2004). No Brasil, no ano de 2012, houve 26.694 ébitos por IC. Para o0 mesmo
ano, das 1.137.572 internacdes por doencas do aparelho circulatério, em torno
de 21% foram devidas a IC (DATASUS, 2015). A IC é uma condi¢céo de saude
progressiva e esta associada a despesas de saude significativas e representa
de 1,0 — 3,2% do total de despesas com saude na Europa Ocidental, América
do Norte e Latina (PONIKOWSKI et al., 2014). Nos Estados Unidos, havia
cerca de 5,8 milhdes de adultos vivendo com IC em 2012 e, estima-se que
estes numeros aumentem para 8,5 milhdes até 2030 (HEIDENREICH et al.,
2013).

A IC descreve uma sindrome clinica complexa, na qual o coracédo €
incapaz de manter um débito cardiaco adequado para satisfazer as
necessidades metabdlicas dos tecidos e 6rgdos e acomodar o retorno venoso
ou quando s6 o faz a custa do aumento de suas pressdes de enchimento
(JESSUP & BROZENA, 2003; KEMP & CONTE, 2012; YANCY et al., 2013;
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GORA et al., 2013). Deste modo, a IC induz alteragbes na fungédo cardiaca,
resultando em disfuncédo sistélica que provoca uma diminuicdo do débito
cardiaco (KLABUNDE, 2012) e uma excessiva vasoconstricdo periférica
(PEREIRA-BARRETO, 2015). A fim de preservar o débito cardiaco, a pressao
sanguinea e a perfusdo dos oOrgdos Vvitais, numerosas alteragdes
compensatorias ocorrem no sistema cardiovascular, as quais incluem
alteragées hemodinamicas, metabdlicas e humorais (JESSUP & BROZENA,
2003; KEMP & CONTE et al., 2012; KLABUNDE, 2012; FLOREA & COHN,
2014), além de mudangas na resposta inflamatéria dos individuos com IC
(GWECHENBERGER et al., 2004; GULLESTAD & AUKRUST, 2005; NUNES
et al., 2008).

A insuficiéncia cardiaca sera determinada tanto pelas mudancas centrais
e hemodinamicas como pelas mudangas periféricas, o que acarreta em
sintomas de intolerancia ao exercicio, fadiga muscular e dispneia no repouso e
ao esforgco, gerando um impacto negativo na qualidade de vida destes
pacientes (DREXLER et al., 1992; KEMP & CONTE et al., 2012; CONRAADS
et al., 2013). Além destes sintomas, pessoas com IC podem apresentar funcéo
cognitiva prejudicada e disturbios de apetite (DICKSTEIN et al.,2008). Baseado
na evolugdo do conhecimento a respeito da Sindrome da Insuficiéncia
Cardiaca, novas abordagens se fazem necessarias para minimizar os sintomas
e melhorar a qualidade de vida destes pacientes, tendo destaque as terapias

nao farmacoldgicas, como o uso da fototerapia por LASER.

O LASER, Light Amplification by Stimulated Emission of Radiation
(Amplificacdo da Luz por Emissdo Estimulada de Radiagdo) € um tipo de
radiacdo capaz de alterar o comportamento celular mesmo na auséncia de
aquecimento significante (BASFORD, 1995). O laser de baixa poténcia (LBP)
atua por meio de reagdes n&o térmicas da luz com o tecido, ocasionando
efeitos fotoquimicos (HONMURA et al., 1992), melhorando a ativagao celular
por meio da absorgéo de fétons cromoéforos presentes na mitocéndria (MASHA
et al., 2013). Ainda promove o retardo da fadiga muscular uma vez que esse

tipo de laser facilita a producdo de energia e permite o escoamento de
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metabdlitos, quando aplicado em ratos submetidos a contragdes musculares
tetanicas induzidas por estimulagéo elétrica (LOPES-MARTINS et al., 2006). Ja
em atletas, o LBP aplicado apds a realizagao de exercicios de alta intensidade
atua melhorando a recuperagao pos-exercicio (LEAL-JUNIOR et al., 2009).

Estudos realizados com modelos animais com distrofia muscular,
animais saudaveis e, outro realizado com humanos saudaveis demonstram os
possiveis efeitos protetores sobre o tecido do musculo esquelético (LEAL-
JUNIOR et al., 2014; ALBUQUERQUE-PONTES et al., 2015; BARONI et al.,
2014), além, de revelar o LBP como um importante imunomodulador
(HENTSCHKE et al., 2013), atuando, desta forma, na prevengao e recuperagao
do tecido muscular. Com isto, dados iniciais apontam o LBP como técnica
terapéutica para minimizar os efeitos da fadiga muscular. Estudo realizado com
ratos saudaveis que tiveram edema muscular induzido aponta o LBP como um
agente anti-inflamatério (ALBERTINI et al., 2004). Em modelo animal que
sofreu tenotomia, o LBP foi capaz de reorganizar as fibras colagenas,
melhorando o reparo tendineo apds lesdo (ARRUDA et al.,, 2007). Ja em
modelos animais saudaveis que realizaram teste maximo de esforgo, o uso ao
longo prazo do LBP foi capaz de aumentar o consumo de oxigénio e promover
um incremento no desempenho do exercicio (PERINI et al., 2016). Desta
forma, a indicagado dos efeitos benéficos do LBP sobre a fadiga muscular, a
oxigenacgao tecidual, a sensagao de dispneia e sobre o esfor¢o percebido em
membros inferiores, poderia ampliar o uso deste recurso simples, nao invasivo

e de baixo custo, em pacientes com IC.

Sabe-se ainda que a capacidade de manter um exercicio sustentado é
dependente do fornecimento de oxigénio aos musculos durante a contragao
muscular e na propor¢cao das necessidades metabodlicas de cada individuo
(DeLOREY et al., 2003). Assim, outro instrumento que pode auxiliar na
avaliacdo da fungdo muscular periférica de individuos com IC €& o uso da
espectroscopia no infravermelho préximo (Near Infrared Spectroscopy - NIRS).
O NIRS é um instrumento n&o invasivo, que fornece valores de oxigenagao e

desoxigenagdo muscular através de uma alta fidelidade temporal e, seu uso,
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pode fornecer informacdes fundamentais para o controle de disfuncdes
vasculares e metabdlicas, tanto em populagdes saudaveis quanto em
populacdes doentes (OKUSHIMA et al., 2015).

Frente ao exposto, faz-se necessaria a utilizacdo de novos recursos
terapéuticos que tenham como finalidade a melhora da capacidade funcional
de pacientes com IC, como estratégia complementar de tratamento. O LBP tem
se mostrado como uma terapia adjuvante promissora para diminuir sintomas
musculares periféricos, uma vez que se conhece que o LBP tem acéo anti-
inflamatdria, acelera a regeneracgao tecidual, aumenta a circulagéo e retarda o
desenvolvimento de fadiga muscular, contribuindo para a biossintese e
recuperacgao do tecido muscular. Todavia, estudos envolvendo LBP aplicado na
musculatura periférica de pacientes com IC sido requeridos, em busca de
opgdes terapéuticas e de reabilitacao efetivas voltada a esta populagéo. Desta

forma, a presente proposta tem como questao problema:

‘O uso da terapia com LBP promove efeitos agudos na resisténcia a
fadiga e na oxigenagdo muscular de membros inferiores em pacientes

com Insuficiéncia Cardiaca?”
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1.1 OBJETIVOS

1.1.1 Objetivo Geral

Avaliar os efeitos agudos do LBP na fungéo e na oxigenag¢ao do musculo

quadriceps de individuos com IC.

1.1.2 Objetivos Especificos

e Verificar se o LBP, aplicado de forma aguda, reduz a fadiga muscular

nos individuos com IC.

e Comparar a percepgao subjetiva de esforco e fadiga em membros
inferiores através da escala de Borg, antes e apds o protocolo de fadiga

nas diferentes condigdes experimentais.

e Verificar se o LBP, aplicado de forma aguda, atenua a diminui¢do do
pico de torque apds a aplicagado de um protocolo de fadiga muscular em

individuos com IC.

e Comparar a oxigenacgao tecidual do musculo quadriceps de individuos

com IC, pré e pds-intervengcédo aguda com LBP.
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2 REVISAO DA LITERATURA

2.1 FISIOPATOLOGIA DA INSUFICIENCIA CARDIACA

O entendimento sobre a fisiopatologia da insuficiéncia cardiaca
progrediu enormemente nas ultimas décadas e, a viséo tradicional de que a IC
representa um conjunto de sinais e sintomas causados pelo inadequado
funcionamento cardiaco, se concentra em apenas um aspecto da fisiopatologia
envolvida nessa sindrome. O entendimento da progressao da sindrome da IC
envolve conceitos de ativagcbes de vias neuroenddcrinas, imunolégicas e
metabdlicas (KAPADIA et al., 1998; YNDESTAD et al., 2006).

Atualmente, o cenario visto na progressao da IC, considerado uma
sindrome clinica, se forma através do somatério de alteracbes estruturais,
funcionais e bioldgicas (JESSUP & BROZENA, 2003), enquadrando-se em um
agregado de sinais e sintomas oriundos das varias anormalidades que
constituem essa doenca. Assim, a IC &, atualmente, reconhecida como uma
desordem multissistémica que afeta ndo apenas, isoladamente, o sistema
cardiovascular, mas também outros sistemas, como o renal, o neuro-humoral e,
em especial destaque, o musculoesquelético e o imunolégico (SHARMA et al.,
2000; YNDESTAD et al., 2006; VON HAEHLING et al., 2009).

Em virtude da disfuncdo miocardica, numerosas alteracdes
compensatoérias ocorrem no sistema cardiovascular. Estas compensagdes
ocorrem por alteragbes no mecanismo de Frank-Starling, que representa a
capacidade do coragao de se adaptar a variagbes do volume sanguineo,
modificando sua contratilidade (MORAES et al., 2005); o aumento da atividade
do sistema renina-angiotensina-aldosterona; a ativagdo neuro-humoral,
representada pelo aumento da atividade simpatica e reducdo parassimpatica;
e, alteragdes nos niveis de endotelina e vasopressina (JESSUP & BROZENA,
2003; TRIPOSKIADIS et al., 2009; FLORAS, 2009; KEMP & CONTE, 2012;
FLOREA & COHN, 2014). Ainda, o aparecimento de elevados niveis

plasmaticos de norepinefrina (COHN et al., 1984) e a dessensibilizagdo dos
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barorreceptores arteriais, reduz a capacidade da regulagdo pressorica
momento-a-momento (ZUCKER et al., 2001; IELLAMO et al., 2007).

Todos esses fatores resultam no desequilibrio do sistema nervoso
autbnomo (McMURRAY et al., 2012), o que constitui um dos numerosos
elementos relacionados a fisiopatologia da IC. Desta forma, ha uma disfuncéo
sistdlica que induz mudangas na fungao vascular, no volume de sangue, no
remodelamento cardiaco e no estado neuro-humoral; essas mudancgas servem
como taticas compensatodrias, a fim de manter o débito cardiaco e a pressao
arterial adequada (KABLUNDE, 2012).

Além destes mecanismos de compensacao, tem-se aumento circulante
de citocinas pro-inflamatdrias, tais como o fator de necrose tumoral alfa (TNF-
a), a interleucina-1 beta (IL-1B), a interleucina-6 (IL-6) e a proteina C reativa
(PCR). Em contrapartida, os niveis de mediadores anti-inflamatérios estéo
diminuidos na IC, o que resulta em um desequilibrio do sistema imunolégico
(GWECHENBERGER et al., 2004; GULLESTAD & AUKRUST, 2005).
Progressivamente, outras vias prejudiciais vao sendo ativadas o que leva ao
aumento do estresse oxidativo, do estado pré-inflamatério e a reduzida
biodisponibilidade de éxido nitrico (FERRAZ & BOCCHlI, 2008).

Partindo dessa premissa, existe, de fato, um somatdério de eventos, tanto
centrais como periféricos, que conduzem esses pacientes para um estado de
incapacidade funcional e piora na qualidade de vida. O avanco no
conhecimento da IC permitiu demonstrar que alteragdes estruturais, funcionais
e metabdlicas dos sistemas musculo esquelético, respiratério e nervoso,
somadas, as do sistema cardiovascular, estdo envolvidas na diminuicdo da
capacidade funcional desses individuos (JOYNER, 2004).
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2.2 SINTOMAS DECORRENTES DA INSUFICIENCIA CARDIACA:
INTOLERANCIA AOS ESFORCOS E FADIGA

Os sinais e sintomas da IC s&o resultado do débito cardiaco insuficiente
e do retorno venoso ineficaz, sendo a dispneia, a fadiga e retengéo de liquidos
(principalmente o edema em membros inferiores) os sintomas e sinais mais
comuns (JESSUP & BROZENA, 2003; FERREIRA et al.,2009; HUNT et al,,
2009), além de tosse e respiracao ruidosa (LLOYD-JONES et al., 2002). Tem-
se, entdo, que a intolerdncia ao exercicio € uma manifestagcao fundamental da
IC. Estudos mostram que pacientes com IC e com disfungdo sistdlica do
ventriculo esquerdo tém sua capacidade maxima de exercicio, medida pelo
consumo maximo de oxigénio (VO3), diminuida (CHATTERJEE et al., 2013).

A maioria dos pacientes com IC experiencia fadiga, fraqueza muscular e
intolerancia ao exercicio (DREXLER et al., 1992; LUNDE et al., 2001; PIEPOLI
et al., 2001) e, somente as alteragdes hemodinamicas que ocorrem na IC n&o
sao suficientes para explicar a capacidade reduzida ao exercicio fisico e o
surgimento da fadiga muscular (TZAMIS et al., 2013). Essas caracteristicas
sao, em parte, decorréncia das alteragdes na musculatura esquelética desses
pacientes (DREXLER et al., 1992; LUNDE et al., 2001). Anormalidades
metabdlicas sdo bem descritas incluindo a precoce dependéncia do
metabolismo anaerdbio e a deplecdo excessiva das ligagdes de fosfato, bem
como a excessiva e também precoce acidificacdo intramuscular
(ADAMOPOULOS et al., 1993). Assim, tem-se o aparecimento precoce de
lactato no musculo esquelético associado a reducado do fluxo sanguineo
muscular e o baixo teor de enzimas aerdbias que, juntamente, com a atrofia
das fibras musculares em todos os tipos de fibras, leva a alteragcées na funcao
contratil dos musculos estriados esqueléticos (VOGIATZIS & ZAKYNTHINOS,
2013). Com isso, a estrutura e a fungdo muscular estdo modificadas na IC e ha
um predominio do metabolismo oxidativo sob o dlicolitico, bem como
mudangas no tipo de fibra muscular, numero de mitocondrias e fungao
endotelial (SENDEN et al., 2003; BELLI et al., 2011). Ha, consequentemente,

hiperativacdo do ergorreflexo, cuja fungdo € modular as respostas
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hemodinamicas, ventilatorias e autonbmicas durante o exercicio, a fim de
manter a homeostase entre trabalho muscular e gasto de energia. Essas
alteragcdes no sistema de controle reflexo, por sua vez, provocam uma
hiperventilacdo e ativacdo simpatica, levando a intolerancia ao exercicio,
dispneia e fadiga (TZAMIS et al., 2013; OKITA et al., 2013; CHATTERJEE et
al., 2013).

Wilson e colaboradores (WILSON et al.,1993) sugerem que uma
proporgao significativa de pacientes com IC apresenta intolerancia ao exercicio,
porém nao devido a diminuicdo de perfusao, uma vez que evidenciaram fluxo
normal de sangue nos pés desses individuos. Esses exibiram respostas
anormais nos indices de lactato e fadiga ao exercicio, sugerindo que estiveram
limitados por anormalidades intrinsecas do musculo esquelético, assim, os
sintomas de fadiga muscular e dispneia podem conduzir a inatividade fisica e

atrofia muscular.

Estudos mostram reducgao significativa de area do musculo quadriceps
em sujeitos com IC classe funcional Il e Ill conforme a New York Heart
Association (NYHA), em comparagao com individuos saudaveis (DREXLER et
al., 1992; MINOTTI et al., 1993). A perda de massa muscular nos membros
inferiores em pacientes com IC pode ser explicada pela atrofia por desuso;
fatores catabodlicos, tais como niveis de TNF-a e citocinas; sensibilidade a
insulina prejudicada e disfungdo do horménio do crescimento (RAUCHHAUS et
al., 2000; COATS et al., 2000), outras mudancas que poderiam influenciar,
indiretamente, na atrofia muscular sdo: baixa densidade de capilares; pequeno
volume e densidade superficial de mitocondrias e um potencial oxidativo
reduzido no musculo esquelético (DREXLER et al., 1992), esses relacionados,
por sua vez, com alteragcdes intrinsecas do musculo esquelético. Outras
pesquisas mostram que antes do estabelecimento da sindrome da IC,
alteragcdes no musculo esquelético ja sao evidentes em animais com disfuncao
ventricular esquerda (BATISTA et al., 2010; LOPES et al., 2010). Sendo assim,
0 musculo esquelético pode ser um importante sitio de produgdo de

mediadores inflamatérios nessa condicdo. Como observado, é claro que o
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musculo esquelético ndo € apenas afetado pela IC, mas contribui de forma
importante para o estabelecimento da inflamacédo sistémica e participa

ativamente no surgimento das consequéncias cronicas dessa sindrome.

2.3 FOTOTERAPIA POR LASER DE BAIXA POTENCIA

A radiacdo LASER possui um comprimento de onda dependente capaz
de alterar o comportamento celular mesmo na auséncia de aquecimento
significantivo. Inicialmente as investigagbes propunham que a radiagao LASER
estimulava os processos biolégicos, fenbmeno que ficou conhecido por
bioestimulagcdo (BASFORD, 1995). Tal conceito passou a ser fundamentado
pela ideia de que a radiacdo LASER poderia inibir e também estimular a
atividade celular, enfatizando seu efeito ndo térmico e de baixa energia durante
a sua utilizagdo. Assim, tem-se um pequeno e nao significante aumento de
temperatura, entre 0,5 e 0,75 °C (BASFORD, 1995).

O LBP atua nos niveis celulares, aumentando a sintese de ATP e a
fungcdo mitocondrial, incrementando a producdo de oxigénio, estimulando a
sintese (transcri¢ao e replicacdo) de DNA e, consequentemente, a proliferagao
celular (KARU, 1987; BASFORD, 1995). Lopes-Martins e colaboradores
(LOPES-MARTINS et al., 2006), utilizando AsGaAl (655nm), verificaram a
reducdo da fadiga muscular em musculo tibial de ratos apds contragbes
tetanicas induzidas por estimulacao elétrica. Os melhores efeitos foram obtidos
com a utilizagdo de 1,0 J/cm? uma vez que, com essa densidade de energia,
observaram nao somente redugdao da fadiga muscular, como também
diminuicao do dano muscular. Ja Leal Junior e colaboradores (LEAL JUNIOR et
al., 2008) verificaram que apdés um protocolo de indugéo a fadiga muscular no
biceps braquial de atletas, o LBP (655 nm) aumentou o desempenho muscular

(demonstrado por aumento da resisténcia a fadiga muscular).

Portanto, pode-se demonstrar que o LBP tem sido utilizado com

frequéncia na pratica clinica, principalmente em lesbées musculoesqueléticas,
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com diversas finalidades tais como alivio da dor, diminuicdo da inflamacéao e
cicatrizagdo (ALBERTINI et al., 2004; LOPES-MARTINS et al., 2006; SILVEIRA
et al., 2009; TAFUR et al., 2009). Embora, a maioria dos estudos envolvendo o
LBP esteja relacionado com a capacidade de cicatrizacdo e proliferagao
celular, recentemente, estudos vém buscando testar a eficacia do LBP em
modelos com algum componente inflamatério. Dessa forma, o crescente
numero de estudos in vivo e in vitro tém sugerido que a modulagéo e o controle
do processo inflamatdrio sdo um dos principais mecanismos biolégicos de acao
do LBP.

Os principais efeitos observados com a utilizacdo do LBP sdo: acao anti-
inflamatdria, aceleragdo da regeneracao tecidual e o aumento da circulagao
sanguinea em tecidos. O LBP é capaz de: 1) aumentar a atividade de certas
células como leucdcitos e fagdcitos, bem como aumentar o conteudo de calcio
no citoplasma dessas células; 2) aumentar a divisdo celular e o crescimento
celular; 3) aumentar a circulagdo sanguinea através da vasodilatagdo e 4)
ativar a sintese de proteinas e citocinas (VLADIMIROQOV et al., 2004).

Percebe-se que os efeitos do LBP sobre os musculos variam
consideravelmente entre os estudos, sabe-se que eles dependem do tipo do
laser utilizado, comprimento de onda e de outros pardmetros, bem como a
forma de aplicagcdo do laser (contato direto com o musculo ou sobre a pele).
Uma revisao sistematica com metanalise revelou que a dose 6tima a fim de
obter melhor desempenho muscular durante o exercicio, preservar o tecido
muscular contra a lesdo induzida pelo exercicio e acelerar a recuperagao
muscular deve ser de 5 — 6 J por ponto, para cada 5 cm? de tecido muscular e,
a melhor forma de aplicagao é a estacionaria sobre cada ponto (LEAL-JUNIOR
etal., 2013).
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2.3.1 Parametros de Tratamento

Os LBP podem ser administrados com diferentes comprimentos de onda
tanto do espectro visivel quanto do infravermelho. Sabe-se que a magnitude do
efeito da fotobiomodulagéo (aplicagdo de luz monocromatica ou de banda
estreita nos tecidos, que pode influenciar a atividade celular ou inibir funcdes
quimicas e fisiologicas) é influenciada pelo comprimento de onda, densidade
de energia, densidade de poténcia, poténcia, energia, tipo de lesdo e, o

espectro de absorg¢ao dos fotorreceptores (HUANG et al., 2009).

2.3.1.1 Comprimento de onda

E a energia eletromagnética que se propaga pelo espaco em formato de
onda. O comprimento de onda é medido em nanémetros (nm) e é visivel a
400-700 nm (vermelho) e invisivel quando infravermelho (por exemplo, a 880
nm). Quanto maior for o comprimento de onda, menor sera a frequéncia de
vibragdo da particula luminosa. A radiacao infravermelha atinge tecidos mais
profundos com maior efetividade e, sua capacidade de penetracdo nos tecidos
estda relacionada com o indice de absor¢do nas camadas superficiais
(ENWEMEKA, 2009; HUANG et al., 2009).

2.3.1.2 Densidade de energia

A densidade de energia é a grandeza que expressa a dosagem do laser
a ser aplicada tanto em animais ou em células isoladas. A mesma corresponde
a poténcia aplicada a uma determinada area durante um determinado intervalo
de tempo. A densidade de energia na aplicagdo € funcéo exclusiva do efeito
que se deseja obter. Sua unidade de medida é expressa em Joules por
centimetro quadrado (J/lcm?) e é calculada pela seguinte expressao
(ENWEMEKA, 2009; HUANG et al., 2009).
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Densidade de energia (J/cm?) = [ Poténcia (W) x Tempo (s) ]/ Area (cm?)

2.3.1.3 Densidade de poténcia

A densidade de poténcia é a relagcdo entre a poténcia de saida com a
area de radiacao efetiva do equipamento. Sua unidade de medida é Watts por
centimetro quadrado (W/cm?). Pode ser calculada pela formula citada abaixo
(ENWEMEKA, 2009; HUANG et al., 2009).

Densidade de Poténcia (W/cm?) = Poténcia util (W) / Area (cm?)

2.3.1.4 Poténcia

A poténcia esta relacionada a quantidade de energia emitida em fungao
do tempo. Normalmente, esse parametro é fixo e invariavel nos aparelhos
terapéuticos de LBP. Sua unidade de medida é Joules por segundo (J/s) ou
Watt (uma vez que 1 J/s equivale a 1 W) (ENWEMEKA, 2009; HUANG et al.,
2009).

2.3.1.5 Energia

Também conhecida por dose, corresponde a quantidade de energia
transferida ao tecido durante a aplicagao da fototerapia e é considerada um dos
parametros com maior influéncia no sucesso do tratamento. E expressa em
Joules (J) e calculada pela equagao abaixo (ENWEMEKA, 2009; HUANG et al.,
2009).

Energia (J) = Poténcia (W) x Tempo (s)
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2.3.2 Fatores que influenciam na dose da fototerapia com LBP

Alguns fatores influenciam no ajuste da dose a ser aplicada durante o
uso da fototerapia como, o modo de aplicacdo, a técnica de aplicacéo e o

tempo de aplicacao.

2.3.2.1 Modo de aplicacao

A aplicagao da fototerapia por laser pode ser continua (CW) ou pulsada

(PW). Nao existe um consenso sobre qual tipo de onda € o mais apropriado.

Nas fontes de luz pulsada, cinco parametros devem ser especificados
[Largura ou duragédo do pulso (PD) ou tempo ON, em segundos; Intervalo de
pulso (Pl) ou tempo OFF, em segundos; Taxa de repeticdo de pulso ou
frequéncia (F), em Hz; Ciclo de trabalho (DC), em % e, a Poténcia de pico ou
poténcia média] (HASHMI et al., 2010).

2.3.2.2 Técnica de aplicacao

O laser pode ser aplicado da forma estacionaria (em contato direto com

a pele) ou varredura.

Recomenda-se o0 seu uso na forma estacionaria, uma vez que, assim,
fica assegurado que todas as unidades de area irdo receber a mesma dose de
energia luminosa, com o minimo de perda de energia (ENWEMEKA, 2009). Ja
o uso na forma de varredura, implica em maior perda de energia por refragao e,
consequentemente, menor absor¢gdo de luz por aumento no angulo de
aplicacéo e na distancia entre o laser e a pele ou tecido alvo (LEAL-JUNIOR et
al., 2013).
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2.3.2.3 Tempo de aplicagao

O tempo de aplicagdo da terapia por laser ira depender dos objetivos a
serem alcangados e, cada situagdo deve ser analisada de forma
individualizada. Ele, também, dependera da quantidade certa de energia
cumulativa que se pretende atingir, a fim de alcangar o resultado esperado,

bem como o tamanho da area do aplicador.

Como exemplo, tem-se a seguinte situagao: realizar o tratamento com
um dispositivo X, de uma area de 70 cm? em torno do tornozelo, com
densidade de energia de 5 J/cm?, trés vezes por semana durante um periodo
de duas semanas. Dado que o aplicador do dispositivo € de 5 cm? sera
necessaria a aplicacdo de 14 pontos para assegurar a estimulacédo de cada
centimetro de area alvo (70 cm?/5 cm? = 14 pontos). Assim, a quantidade de
energia cumulativa em cada sessao sera de 350 J (5 Jlcm* x 70 cm?).
Somando-se as 6 sessdes de tratamento, o sujeito recebera 2100 J de energia
para alcancar o resultado esperado. Com uma densidade de poténcia de 100
mW/cm?, teremos um tempo de 50 segundos em cada ponto, somados os 14
pontos, o tempo total de cada sesséo sera de 700 segundos ou 11,67 minutos
(ENWEMEKA, 2009).

2.4 ESPECTROSCOPIA NO INFRAVERMELHO PROXIMO, Near Infrared
Spectroscopy (NIRS)

A espectroscopia no infravermelho proximo (NIRS) é um método nao
invasivo que tem mostrado ser uma das ferramentas que podem medir o fluxo
sanguineo e o consumo de oxigénio continuamente nos tecidos musculares in
vivo. E uma técnica que utiliza luz infravermelha para monitorar a saturagéo de
oxigénio dos tecidos cerebrais e musculares, sendo este parametro direto o de

maior importancia na pratica clinica e, foi descrita, primeiramente, por Frans
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Jobsis em 1977 (JOBSIS, 1977). O uso da NIRS pode fornecer informagdes
sobre a oxigenagdo muscular, além de proporcionar conhecimento sobre a
troca de oxigénio em capilares (POOLE et al., 2011). Ainda se podem obter,
através do uso da NIRS, medidas quantitativas do fluxo sanguineo, bem como
do consumo de oxigénio local (LIMA & BAKKER, 2011).

A NIRS é baseada na transparéncia relativa dos tecidos musculares
para a luz infravermelha e na existéncia de cinco cromoéforos nos tecidos
biolégicos, os quais tém propriedades de absor¢do da luz que variam com a
oxigenacgao. Esses cromoforos sdo a oxi, a deoxihemoglobina (O,Hb e HHb) e
a citocromo oxidase. Por meio da NIRS, alteracbes nas concentracbes dos
cromoforos O,Hb e HHb, podem ser utilizados para determinar o fluxo de
sangue e o0 consumo de oxigénio no tecido muscular. Além disso, a NIRS
fundamenta-se nos seguintes aspectos: 1) comprimentos especificos de onda
de luz vermelho e infravermelho préximo tem a capacidade de penetrar através
de um tecido biolégico, incluindo o tecido Osseo; 2) a absor¢cao destes
comprimentos especificos de onda de luz vermelho e infravermelho proximo
sdo determinados pela hemoglobina e 3) a absorgao varia entre hemoglobina
oxigenada e desoxigenada (BOEZEMAN et al., 2015).

O dispositivo NIRS utiliza um comprimento de onda na faixa de 700 —
900 nm, o qual tem penetragdo muito melhor nos tecidos biolégicos quando
comparado a luz visivel (ABLIKIM et al., 2012). Para calcular as mudangas nos
niveis de oxiemoglobina, deoxiemoglobina e hemoglobina total, a equagao para
2 ou mais comprimentos de onda pode ser aplicado de acordo com a lei de
Lambert-Beer modificada, a qual estipula que, quando uma luz com
comprimento de onda conhecido atravessa uma solugdo com uma substancia
de concentragcao desconhecida, € possivel determinar a concentracdo dessa
substéncia com base no coeficiente de extingdo e na distancia que a luz
percorre na amostra (LIMA & BAKKER, 2011).

A =2e.c.d.DPF
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Onde A é a absorbancia medida, € € o coeficiente de extincao (também
conhecido como absortividade molar), ¢ é a concentragdo da substancia, d € a
distancia entre as fontes emissora e receptora de luz, e o DPF é o diferencial
do PF que significa o caminho que a luz percorre pelo tecido (conhecido como
“optical pathlength” — PF). Este adquire uma forma curva (“banana shape”) e a
distancia percorrida pela luz é maior do que a distancia entre o emissor e o

receptor.
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Figura A - Representacao tipica de um sensor (A) da extremidade da fibra éptica da
NIRS. Uma distancia (d) de 25 mm entre o emissor e o receptor (B), aproximadamente 95% do
sinal detectado é proveniente de uma penetragao tecidual de 23 mm; note a forma eliptica do
caminho 6ptico (“banana shape”) (LIMA & BAKKER, 2011).

Com relacdo a profundidade da penetragdo sabe-se que &,
aproximadamente, igual a metade da distancia entre a fonte de luz e os
detectores (HOMMA et al., 1996). E, conforme descrito por Okada & Delpy
(OKADA & DELPY, 2003), alguns fatores podem influenciar e/ou limitar o uso
da NIRS: espessura 6ssea ou do tecido adiposo nas medidas aplicadas no
cérebro ou musculo, respectivamente; o papel da mioglobina na medida da

oxigenacao tecidual; influéncia do edema intersticial no sinal da NIRS.
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2.5 DINAMOMETRO ISOCINETICO

Os dinambdmetros isocinéticos s&o dispositivos que possibilitam a
realizagdo de contracdo muscular contra resisténcia, em velocidade angular
constante durante amplitude de movimento selecionada. A resisténcia €
promovida por um mecanismo controlado elétrica ou hidraulicamente. Por meio
da interface e microprocessadores dos dinamémetros isocinéticos, medidas
objetivas da fungdo muscular humana, como torque, poténcia e resisténcia
podem ser obtidas. Essas medidas podem ser interpretadas de forma a
representar a fungdo muscular dinamica (DROUIN et al., 2004). E considerado
um instrumento valido e confiavel para testes de forca muscular, permitindo a
geracgao de potencial de esforgo maximo e seguro em um ambiente controlado.
Além disso, é utilizado como padrdo de referéncia para comparar outros
instrumentos de medicao que também testam forca, sendo visto como o
‘padrao-ouro” para testar forca muscular (LUND et al., 2005; MARTIN et al.,
2006; STARK et al., 2011).

Dinambémetros isocinéticos sdo maquinas informatizadas capazes de
fornecer multiplos elementos para medi¢ao da forga muscular, incluindo pico de
torque, resisténcia, poténcia, angulo de ocorréncia do torque maximo, sendo
capazes de gerar curvas de forgca (LI et al., 2005). Esta forma de teste vem
sendo utilizada na pratica clinica para medir a forga do musculo esquelético ha
muitos anos, visto que a dinamometria isocinética comecou a ser utilizada na
década de 1960, com a finalidade de quantificar o momento de forga, ou
binario, gerado pela contragdo de um grupo muscular em um movimento
circular. Com os dinambmetros isocinéticos é permitida a execugdao de um
exercicio dindmico com uma velocidade angular especifica, permitindo aos
individuos realizar uma contracdo maxima na amplitude completa de
movimento (BROWN, 2000).

O protocolo tipico do exercicio isocinético consiste na realizacdo de um
pré-determinado numero de contragdes musculares concéntricas maximas

reciprocas a uma determinada velocidade angular (BOSQUET et al., 2010).
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Posteriormente, surgiram outros protocolos a fim de quantificar a fadiga
muscular que mostraram que a medida do pico de torque médio ou trabalho
total médio e o declive da relagdo entre o pico de torque ou trabalho total de
cada contragdo, juntamente com o numero de contragcbes musculares,
representam um bom compromisso entre a confiabilidade fisiologica e a
facilidade de interpretacdo dos dados (BOSQUET et al., 2015).

2.5.1 Fadiga Muscular

A fadiga muscular pode ser definida como “qualquer reducdo na
capacidade de exercer forca muscular ou poténcia induzida pelo exercicio,
independente de a tarefa poder ser sustentada e, que pode ser invertida pelo
repouso” (GANDEVIA, 2001). O processo de recuperacao da fadiga muscular
comeca tao cedo quanto a contragdo muscular cessa (YOSHIDA et al., 2013),
ja se sabe que a maior parte da recuperagédo pos fadiga muscular ocorre nos

primeiros 2 minutos pos-exercicio (FROYD et al., 2013).

Os mecanismos que levam a fadiga muscular podem envolver processos

fisiolégicos neurais - fadiga central, na qual ha uma redugéo progressiva na

ativacao voluntaria do musculo durante o exercicio - ou musculares, ao nivel de
juncédo neuromuscular - fadiga periférica (NEDER & NEDER, 2005). Tem sido

sugerido que a taxa de desenvolvimento da fadiga muscular é regulada pelo

sistema nervoso central (SNC) com feedback de aferentes musculares do tipo
Il e IV, gerando a acumulacéo de metabolitos, especialmente H*, lactato e ATP
(AMANN & DEMPSEY, 2008), desta maneira, acredita-se que este acumulo de
metabdlitos prejudica a ativacdo muscular, limitando/impedindo a maxima
poténcia muscular durante o exercicio (TORRES-PERALTA et al., 2016). Além
disto, cabe lembrar a importancia do fluxo sanguineo para o metabolismo
muscular e, qualquer impedimento ao fluxo sanguineo muscular pode precipitar

o desenvolvimento de fadiga (McNEIL et al., 2015).
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7

Central Periférica

Figura B - Os principais sitios potenciais de fadiga muscular: Fadiga central relaciona-se
as alteragdes (1) do comando excitatério para os centros motores superiores ou (2) do
neurénio motor inferior e (3) seu grau de excitabilidade, ou ainda (4) da transmissao
neuromuscular. Fadiga periférica ocorre quando as alteragdes se relacionam (5) a
excitabilidade do sarcolema, ou (6) a liberagdo e recaptacao de calcio pelos tubulos T e pelo
reticulo sarcoplasmatico ou (7) a mecanismos contrateis, ou ainda (8) a oferta de energia e/ou
acumulo de metabdlitos (NEDER & NEDER, 2005).

No dinamémetro isocinético, a fadiga é considerada um decréscimo
relativo do trabalho durante uma série de contragbes repetidas de um grupo
muscular. Apos essa fase, quando as repeticdes continuam, mas o trabalho é
estavel, tem-se a endurance (DVIR, 2004). Nesta ocasiao, levando em conta o
trabalho total e o pico de torque, a fadiga seria a diminuigdo dessas variaveis
ao longo das repeticdes e, a endurance seria o platd, esta transi¢do de um para
o outro é considerado um indicador importante, mas muito subjetivo e variavel
(SAENZ et al., 2010).

Para induzir fadiga muscular existem diferentes protocolos na literatura
que consistem na modulacdo da velocidade e tipo de movimento, numero de
repeticoes, séries e intervalo de repouso entre as séries de ensaios. Conforme
Suzuki e colaboradores (SUZUKI et al., 2013), a maior redugdo no torque
maximo ocorre em protocolos que ndo determinam o numero de repeti¢des, o
que requer que o movimento seja executado até atingir a exaustdo. No entanto,

se houver necessidade de determinar o numero de repeti¢des, o protocolo que
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mais reduz o torque na articulagéo do joelho é o que utiliza cinco séries de 30
repeticoes com intervalo de um minuto entre as séries, independente da
velocidade angular e o tipo de contragéo, concéntrica ou excéntrica (SUZUKI et
al., 2013).

2.6 A IMPORTANCIA DO DESENVOLVIMENTO DE NOVAS TERAPIAS NA
INSUFICIENCIA CARDIACA

A ‘“resposta cardio-inflamatéria a Insuficiéncia Cardiaca” foi
recentemente proposta como um novo paradigma na IC, com implicagdes tanto
no tratamento como no prognédstico desses pacientes (PAULUS, 1999). Nesse
cenario terapéutico e embora o entendimento sobre sua fisiopatologia tenha
evoluido nas ultimas décadas, a IC permanece como o maior problema de
saude publica, causando niveis inaceitaveis de morbidade e de mortalidade
(VON HAEHLING et al., 2009; KHAPER et al., 2010).

Dessa forma, acredita-se que o desenvolvimento de novas terapéuticas
e o melhor entendimento dos mecanismos basicos envolvidos na IC contribuam
para a melhora no prognéstico em pacientes dessa sindrome (ANKER & VON
HAEHLING, 2004; CANDIA et al., 2007; BLUM, 2009). O atual direcionamento
das evidéncias sugere que uma terapia imunomodulatéria eficaz na IC deva
possuir a caracteristica de atuar de forma geral no desequilibrio da produgao
de citocinas (pré-inflamatérias x anti-inflamatérias), ao invés de atuar no

desequilibrio de uma citocina em especifico (YNDESTAD et al.,2006).

Em resumo, novas abordagens baseadas na evolugdo do conhecimento
sobre a fisiopatologia de pacientes com IC - terapias potenciadoras do éxido
nitrico, terapias imunoldgicas, fisioterapia e exercicio - podem abrir novos
rumos para a pesquisa e o manuseio desses pacientes e, como consequéncia,
mudar o atual cenario de desfechos clinicos desfavoraveis dessa sindrome

(BLUM, 2009). Por isso, a terapia com LBP € uma opc¢ao recente para melhorar
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o desempenho muscular, a regeneragdo dos tecidos, a modulagdo da
inflamacdo e da dor e melhorias na fadiga muscular. Ela apresenta
propriedades anti-inflamatorias, analgésicas e de reparagdo tecidual
favorecendo a ativagdo do metabolismo celular, a proliferagdo celular e o
aumento da sintese de colageno, além de ativacéo de linfécitos e angiogénese
(LOPES-MARTINS et al., 2006).
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Abstract

The aim of this study was to investigate the acute effects of low level laser therapy (LLLT) in fatigue,
peak torque and oxygenation of the quadriceps of patients with heart failure (HF). This randomized
clinical trial, crossover, double-blind was conducted in 14 individuals with HF, stable, class II or III
according to the New York Heart Association. The muscle function of the dominant lower limb was
assessed pre and post-acute intervention of LLLT or placebo. The LLLT was applied in 6 points of the
quadriceps muscle (5 diode, wavelength 850 nm, output power = 200 mW, 5 J per diode). Muscle fatigue
was evaluated in the isokinetic dynamometer and the tissue oxygenation was verified with the near
infrared spectroscopy. The normality of the data was assessed with Shapiro Wilk test. Groups were
compared by a one-way ANOVA and LSD post-hoc tests or a Mann-Whitney and Wilcoxon tests (p <
0.05). No differences were found between the groups in relation to muscle fatigue and the perceived
effort. The LLLT group showed an increase in oxyhemoglobin (O,Hb) during the final peak torque (3.81
+ 1.48 uM; p < 0.003). In the fatigue testing, both groups increased the total hemoglobin (THb) values (p
<0.05) and only increased LLLT group deoxyhemoglobin (HHb) (p = 0.01). The LLLT improves tissue

oxygenation without effect on muscle fatigue in subjects with HF.

Key-words: Heart Failure, Phototherapy, Muscle Fatigue, Torque, Tissue Oxygenation.
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Introduction

The prevalence of heart failure (HF) has increased as the population ages, and is associated with
a high mortality rate and frequent need for hospitalization [1, 2], leading to large social and economic
costs [3]. Heart failure is a progressive health condition and accounts for 1.0 to 3.2 % of total health
expenditure in Western Europe, North and Latin America [4]

Most heart failure patients experience fatigue, muscle weakness and exercise intolerance [5-7],
and from a functional point of view, the skeletal muscle in HF shows an increased tendency toward
fatigue, decreased production of maximum strength and endothelial dysfunction [8]. Metabolic
abnormalities are well described, including early dependence on anaerobic metabolism as well as
excessive and too early intramuscular acidification [9]. In combination, the reduced oxidative capacity of
skeletal muscle, reduced oxygen transport in the blood, decreased capillary density [5] and atrophy of the
muscle fibers in all types of fibers cause changes in the contractile function of the skeletal striated
muscles [10]. These changes are related to the limited exercise capacity observed among patients with HF
resulting belatedly in physical inactivity and muscle atrophy.

Based on the evolution of knowledge about heart failure syndrome, new approaches are needed
to minimize the symptoms and improve the quality of life of these patients, in particular
nonpharmacological therapies such as the use of low-level laser phototherapy (LLLT). LLLT has proved
to be an important therapy for improving muscle function and peripheral fatigue. When applied in rats
subjected to tetanic muscle contractions induced by electrical stimulation, LLLT was able to promote the
delay of muscle fatigue, facilitating the production of energy and allowing the flow of metabolites [11].
LLLT has already been applied in athletes after performing high-intensity exercise to enhance post-
exercise recovery [12].

Other studies in healthy animal models [13], healthy humans [14] and other animal models of
muscular dystrophy [15] show the potential protective effect on skeletal muscle tissue, besides revealing
LLLT as an important immunomodulatory therapy [16] in the prevention and recovery of muscle tissue.
Initial data indicate that LLLT would be a suitable therapeutic resource to minimize the effects of muscle
fatigue. A study with healthy animals that made the maximum effort test showed that the use of long-term
LLLT was able to increase oxygen consumption and promote an increase in exercise performance [17]. In
patients with COPD, the combined use of phototherapy before exercise proved able to decrease the
sensation of dyspnea and fatigue in the lower limbs of these patients [18]. Thus, knowledge of the effects
of LLLT on muscle fatigue and tissue oxygenation could expand the use of this feature in a simple,
noninvasive and low-cost way in patients with HF. Based on this, this study aims to investigate the acute

effects of LLLT on the muscle function and tissue oxygenation of the lower limbs of patients with HF.
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Methods

This is a randomized clinical, crossover, double-blind trial. The study was approved by the ethics
committees of the Universidade Federal de Ciéncias da Saude de Porto Alegre and the Instituto de
Cardiologia, Fundagdo Universitaria de Cardiologia do Rio Grande do Sul (ICFUC) (protocol numbers:
995361/2015 and 1.112.281/2015). Registration on Clinical Trials under the NCT02508792 number.

All subjects signed a free and informed consent form prior to their participation in the
experiment. Volunteers were recruited from the Cardiopulmonary and Metabolic Rehabilitation Center
ICFUC before starting cardiac rehabilitation and, at this time, they performed a six-minute walk test
(6MWT) to characterize the sample and assess functional capacity. All were randomized to receive LLLT

actively and/or a placebo prior to the muscle fatigue-inducing protocol.

Participants

All participants had a clinical diagnosis of heart failure (ejection fraction of the left ventricle
smaller than 40% secondary to ischemia or idiopathic dilated cardiomyopathy) functional class 1I or III,
according to the classification of the New York Heart Association (NYHA) [19]. Participants were in a
stable phase of the disease, without any change in drug therapy (including oral steroids) or exacerbation
of symptoms in the four weeks prior to their participation in the study. Patients with other known serious
chronic diseases (musculoskeletal diseases, pulmonary diseases, cerebral vascular disease or psychiatric
disorders) and those who were already participating in cardiac rehabilitation programs, or who did not

join the proposed schedule of activities, were excluded from the study.

Randomization procedures

The double-blind randomization was performed by simple drawing of opaque envelopes (A or
B), which determined the order of the sessions in which participants should receive LLLT actively or via

placebo.

Data collection procedures

Tests were performed in 3 sessions with intervals of 2 to 4 days between each test (Fig. 1). In
session 1, anthropometric measurements of each subject were taken and the validated Portuguese version
of the Minnesota Quality of Life Questionnaire (MLHFQ) [20] was applied to characterize the quality of
life of the participants. In sequence, the subjects performed the preparation of the skin (trichotomy, smear

and cleaning with 70% alcohol) to measure muscle oxygenation, measures the depth and muscle thickness
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and muscle fatigue test. In sessions 2 and 3, besides the skin preparation was performed prior to the
muscle fatigue test, the application of LLLT in the active or placebo, way as randomization, in lying

position.

Muscle fatigue protocol

The tests were performed using an isokinetic dynamometer (4 Biodex Medical Systems, USA).
The subjects were positioned and stabilized in the equipment according to the instruction manual,
allowing only the realization of flexion and extension of the knee joint in the dominant leg. Participants
were given verbal encouragement during the execution of the test and a rest period of 60 seconds was
established between each repetition of peak torque (PT). Before performing the PT and muscle fatigue
protocol, subjects performed a warm-up with the isokinetic dynamometer, which consisted of 5
repetitions of concentric and eccentric isokinetic contractions (cc/ce) with voluntary submaximal flexion-
extension of the knee, in continuous mode and at 180°. seg™".

The muscle fatigue protocol used was based on the studies of Gabriel et al. (2002) [21] and
Molinari et al. (2006) [22] and consisted of cc/ce to exhaustion or to 50 cc/ce, in continuous mode and at
180°. seg . Three PT measures were performed before and after the fatigue protocol, in the interval mode
and at 180°. seg™'. The values of PT cc/ce higher, the average of PT cc/ce and PT cc/ce at the end of the
first post-fatigue minute were recorded. Data regarding muscle fatigue (through the angular slope of the
equation after the fatigue test) and tissue oxygenation were also analyzed.

Muscle fatigue tests were performed at approximately the same time each day in order to control
the circadian rhythm, maintaining an interval between each test to minimize the musculoskeletal effects
of muscle fatigue.

Before and at the end of the test, vital signs were checked as well as the perceived effort
(dyspnea and fatigue in the lower limbs) using the modified Borg scale [23]. After the test, the subjects
were instructed to perform stretching of the muscles of the lower limbs. The timeline of the experiment is

shown in Fig. 1.

Oxygenation tissue

To verify the quadriceps muscle oxygenation, near infrared spectroscopy (NIRS) was used
(OXYMON III Artinis Medical, The Netherlands). The following were monitored continuously
throughout the isokinetic exercise protocol: oxyhemoglobin (O,Hb), which is the concentration of O,
associated with hemoglobin (Hb + O;) in blood; deoxyhemoglobin (HHb), which is the oxygen
consumption, calculated from the deoxygenated hemoglobin increase rate; and total hemoglobin (THb),

which represents the rate of increase in blood volume, calculated over the sum of the concentrations of
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[O,Hb + HHb]. For statistical analysis, the responses to concentrations of O,Hb, HHb and THb during the
fatigue test were separeted into quartiles.

For the placing of optodes, the center of the vastus lateralis muscle of the quadriceps group was
identified, and after trichotomy, an optode oximeter was placed on it and fixed to the surface of the skin
with tape and covered with a black cotton fabric, in order to minimize the penetration of ambient light
[24]. The optodes were always positioned by the same researcher. Before fixing the optodes, the thickness
of the vastus lateralis muscle layer was measured in terms of depth by ultrasound (Vivid i, GE, US) in

order to adjust the infrared penetration distance into the selected muscle.

Low-level laser therapy protocol

Therapy with LLLT (ISO: 13485, Model 2779, Chattanooga Group-Intelect® Mobile Laser,
Austin, TX, USA) was performed using a cluster-type applicator with infrared laser clusters, from the
same manufacturer, consisting of five-diode GaAlAs laser (850 nm). The LLLT was applied to the
subject before each isokinetic exercise session. Six application areas in the quadriceps muscle (medial
distal region, lateral distal region, medial middle region, average lateral region, proximal medial region
and lateral proximal region) were used. The laser parameters are detailed in Table 1. The infrared wave
length (850 nm) is invisible to the human eye, thus the laser was only activated after the application of the
cluster to the skin, and was not removed before irradiation had ended and the cluster was deactivated.

This procedure blocked the participants’ view of the laser beam.

Statistical analysis

Descriptive statistics were performed with mean values and standard deviations (£ SD) for the
analyzed data. Data were normalized by baseline intrasubject data, to reduce individual differences. The
normal distribution of the data was assessed using the Shapiro-Wilk test. Comparison of the parametric
data was performed by one-way ANOVA with post hoc LSD according to the data of muscle fatigue,
oxygenation during the fatigue test and to check differences between O,Hb, HHb and THb pre PT and
post LLLT/placebo. For nonparametric data comparison the Mann-Whitney U test was used to determine
differences between the LLLT/placebo in the values of isokinetic torque peaks pre- and post-protocol
fatigue and the Wilcoxon test to find differences in the Borg scale. For processing and data analysis,
SPSS 22.0 software (IBM, USA) was used as well as GraphPad Prism 6 (GraphPad Software, San Diego,
CA, USA) for Windows for further analysis. The significance level was set at p <0.05.
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Results

The study sample was made up mostly of patients with mild heart failure, according to the
criteria of the NYHA (class II, n = 10), and the remaining patients were classified as moderate HF (class
III, n = 4). Table 2 summarizes the characteristics of the study patients. One subject was excluded from
the search for not adhering to the proposed schedule.

The muscle fatigue induction protocol used in this study proved to be valid and significant
differences were found when comparing the pre-fatigue PT values and maximum PT concentric values in
the first minute after muscle fatigue, intragroup (84.6 vs. 64.05 Nm; p = 0.002 for the placebo group and
83.4 vs. 70.45 Nm; p = 0.01 for the LLLT group), as shown in Fig. 2A. There was no significant
difference when comparing the concentric and eccentric PT values before and after fatigue between
groups. Similarly, there was no significant difference between the groups when measuring muscle fatigue
(Fig. 2B). In relation to the perceived effort, there was no significant difference between groups.
However, both groups after the fatigue test showed an increase in dyspnea score related to (0 [0 - 5] vs. 3
[0 - 5] p = 0.04 for the placebo group) and (0 [0 - 5] vs. 3 [0 - 6], p = 0.03 for the LLLT group) and
feeling fatigue in the lower limbs (2 [0 - 3] vs. 4 [1 - 7], p = 0.001 in the placebo group and p = 0.002 in
the LLLT group) (Fig. 2C and 2D).

With regard to muscle oxygenation (represented by perfusion in the vastus lateralis muscle), in
the concentration values of HHb and THb during the pre PT and post-fatigue, there were no significant
differences between groups. However, there was a significant increase in the concentration of O,Hb in the
LLLT group compared to the placebo group, and this difference was found between pre-fatigue PT (-3.99
+ 1.22 uM) of the placebo group and post-fatigue PT (3.81 £ 1.48 uM) of the LLLT group, with p <0.003
(Fig. 3).

During the fatigue test there was no significant difference between the groups when comparing
the linear regression coefficients of tissue oxygenation variables. The responses to concentrations of
O,Hb, HHb and THb during the fatigue test on the LLLT and placebo groups are shown in Fig. 4. There
was a significant increase in the concentration of HHb in the LLLT group (p = 0.016) when comparing
the beginning and end of the fatigue test. Both groups showed an increase in the concentration of THb
(Fig. 4C) as the muscle fatigue test progressed (p <0.05). In the first quartile of the fatigue test (25%), the
placebo group had a higher concentration of THb than the LLLT group at the same point in the test (p =
0.03), and in the final third of the test, the concentrations of THb were virtually equal (p = 0.255).

Discussion

This clinical trial evaluated the acute effect of LLLT on peripheral muscle function in patients
with heart failure after performing a muscle fatigue protocol. Using this protocol could induce fatigue,
with a significant reduction in the amount of post-fatigue concentric PT being observed. Studies have
reported a decrease in percentage of torque and the number of contractions as the methodological controls

in studies of muscle fatigue [21, 25]. Senden et al. [26] evaluated the muscle performance in patients with
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chronic heart failure using an isokinetic dynamometer after an exercise test on a cycle ergometer and also
observed a decline in the quadriceps muscle PT of around 60% of the initial value, especially in women.

As regards the sensation of effort perceived in our study, acute use of LLLT was not able to
alleviate this variable after the fatigue test. These results are in contrast to the findings of Miranda et al.
[18], which showed that the combined use of phototherapy before exercise was able to decrease the
sensation of dyspnea and fatigue in the lower limbs of patients with COPD.

With regard to the acute effects of LLLT the same study shows that the use of a super-pulsed
laser combined with light emitting diode therapy (LEDT) before performing a maximal voluntary
isometric contraction (MVIC) and a protocol of eccentric contractions was able to increase the PT by
20.2% and the total work by 12% in these patients [18]. Differences in peripheral muscle disorders in
patients with heart failure compared to subjects with COPD probably reflect the different findings. In our
study, the acute use of pre-fatigue LLLT was not able to increase or reduce the slope of the PT, which is
in line with the study of Bublitz et al. [27], which, despite having assessed subjects hospitalized with HF
who did not perform a muscle fatigue protocol, showed that acute use of LLLT was not able to improve
the functional capacity of these subjects evaluated by 6MWT.

Another study, with active and healthy men, evaluating the acute effect of LLLT on markers of
muscle damage and power performance in the biceps revealed that LLLT was able to attenuate the
creatine kinase activity within 72 hours after injury, but had no positive effect on the recovery of muscle
strength performance [28]. Vassdo et al. [29], when they evaluated the effect of photobiomodulation by
LLLT, in a single session, on muscle performance and fatigue in older women, found that LLLT was not
able to increase muscle performance measured by an isokinetic dynamometer; however, when evaluating
muscle fatigue by electromyography, LLLT proved capable of attenuating the levels of muscle fatigue.

Bosquet et al. [25] associated a high-intensity isokinetic fatigue test with increased muscle
anaerobic capacity, which is related to increased deoxygenation rates. During an incremental exercise test
using a bicycle ergometer, patients with HF functional class II and III showed a decrease in the levels of
THb and O,Hb, which may be related both intolerant issues to exercise [30] as ventilatory [31]. On the
other hand, in our study we observed a significant increase in O,Hb levels in the LLLT group after the
fatigue test, during the PT at the end of the first post-fatigue minute, showing that acute use of LLLT
before exercise may be able to improve blood circulation and oxygenation of muscles in activity, since
the use of a laser improves cell activation at the mitochondrial level [32], increasing the production of
oxygen, and increases blood flow through vasodilation [33].

Both groups showed an increase in THb concentrations, which was expected since the cyclic
exercise, rhythmic contractions activate the mechanism of "muscle pump", promoting an acute
vasodilation [34], increasing the value of THb and exceeding its pre-exercise value [35]. Moreover, with
the THDb, being related to blood volume, the continuous increase of its value indicates that the blood flow
was not blocked during exercise [36]. Analyzing the response of THb in the LLLT group, this increase
may still be associated with the vasodilatory effect of the laser [33], also contributing to the redistribution
of blood flow during exercise, since THb is of great importance to exercise tolerance [30], and is

decreased in patients with cardiac dysfunction compared to healthy subjects [37]. The increase in the
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concentration of THb may also be related to the effect of LLLT on the synthesis of adenosine
triphosphate (ATP) [38], which is reflected in changes in cellular metabolism [39] with improvement of
oxidative metabolism [40].

Concomitantly, the LLLT group also showed a significant difference in HHb values during the
fatigue protocol, and this difference in HHb can be described as an increase in oxygen consumption and
consequently greater effort made by the subjects during the fatigue test under active use of LLLT, and it
is possible that this result is the action of the effect of LLLT on exercise tolerance [11, 12, 29]. Ferraresi
et al. [41] identified an improvement in muscle metabolism 3 to 6 hours after the application of
phototherapy, which may have a positive value in the rehabilitation of patients when applied before
exercise [42].

To the best of our knowledge, this is the first study to evaluate the effects of low-level laser
therapy in patients with HF, who were stable, and who underwent a muscle fatigue test. However, this
study has limitations because we performed only one application of LLLT, therefore it is possible that our
results are not valid for checking the chronic effect of LLLT in this population, and it is necessary to
investigate the long-term effect of LLLT use in patients with HF. Furthermore, most of the sample
consisted of subjects with HF class II and the peripheral limitation that these subjects had may not be
enough for LLLT to have an effect. It is known that laser therapy is effective in improving skeletal
muscle exercise capacity; however the quality of current evidence is still limited [43]. Possibly, the use of

LLLT during cardiac rehabilitation protocols may contribute to positive outcomes in these patients.

Conclusion

It was concluded that LLLT, when applied in a single session before a muscle fatigue protocol
using an isokinetic dynamometer in patients with HF grade II and III, was not able to produce an acute
lowering effect on peripheral muscle fatigue, since it was not enough to improve muscle performance in

these patients, despite indications of blood flow improvement in the lower limbs.
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LLLT/Placebo

|

| Session 1 |

- Quality of Life Questionnaire

- Measure thickness and muscle depth
- Watm up

- Isokinetic fatigue protocol

- Stretching

Fig. 1 Timeline of the experiment

between each session

| Sessions 2 and3

-Warm up
- Isokinetic fatigue protocol
- Stretching




Table 1 — Laser parameters

Laser parameters

Wavelength

Number of laser diodes

Frequency

Output Power (mW)

Spot size (cm?)

Power density (W/cm?)

Energy density (J/cm?)

Energy (J)

Treatment time (s)

Number of points

Total energy (J)

Application mode probe held stationary in skin contact with a 90° angle and slight pressure

850 nm (infrared)

continuous output

200

0,06

0,046

100

30 at each point

30 at each point

180

63



Table 2 — Patient characterization

Characteristics

Values (Mean = SD)

Total (male/female) —n (%)

Age (year)

BMI (Kg/m?)

Etiology of HF —n (%)

Ischemic

Non-ischemic

Left ventricular ejection fraction; %

NYHA functional class—n (%)

II

I

Minnesota Quality of Life (score)

6MWT (m)

Drugs —n (%)

Digoxin

Diuretics

ACE inhibitor

AT1 Blockers

B-Blocker

14 (71.4/ 28.6)

61.21+£7.26

29.5+5.9

9 (64.3)

5(35.7)

39.97+£5.2

10 (71.4)

4(28.6)

344+173

475+ 98

5(35.7)

6 (42.8)

7 (50)

5(35.7)

13 (92.8)
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placebo
E LLLT

PT final LLLTA 1

PT baseline LLLT-

PT final placebo-

PT baseline placebo+

-15 -10 -5 0 5 10 15
Oth (llM)

Fig. 3. Muscle oxygenation during the peak torque performed at the pre and post- fatigue protocol.

Values are means + SD (ANOVA One Way, post hoc LSD, * p <0.05, LLLT group PT final vs.

placebo group baseline PT).
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5 CONCLUSAO GERAL

Ao término deste estudo podemos concluir que ainda sdo necessarias
pesquisas a fim de verificar os efeitos do LBP em individuos com IC. Ja se
sabe que a fototerapia por LBP é eficaz na preveng¢do da fadiga muscular e na
melhora da capacidade de exercicio do musculo esquelético em outras

situacoes e em modelos experimentais de IC.

Ainda que este estudo ndo tenha evidenciado diferenga significativa em
relacdo a diminuicdo da fadiga muscular periférica em individuos com IC, uma
vez que, uma unica sessao de aplicagdo do LBP nestes sujeitos nao foi capaz
de melhorar o desempenho muscular medido pelo dinamdmetro isocinético,
mesmo com indicativo de melhora do fluxo sanguineo nos membros inferiores,
0 uso da fototerapia por LBP em individuos com IC deve ser considerada, pois
ha evidéncias positivas em outros estudos realizados com modelos
experimentais de IC. Além disso, trata-se de um recurso terapéutico simples,

nao invasivo e de baixo custo.

Assim, mais estudos, em longo prazo, avaliando os efeitos do LBP na
musculatura periférica de individuos com IC sdo requeridos, em busca de

opgdes terapéuticas e de reabilitagdo efetivas voltada a esta populagéao.
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UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE {@.‘Wm =
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: EFEITOS AGUDOS DO USO DO LASER DE BAIXA POTENCIA NA FI..I!H;AD
MUSCULAR PERIFERICA EM PACIENTES PORTADORES DE INSUFICIENCIA

CARDIACA
Pesquisador: Pedro Dal Lago
Area Temitica:
Versao: 3

CAAE: 37004814.0.0000.5345
Instituigio Proponente: Universidade Federal de Ciéncias da Salde de Porto Alegre
Patrocinador Principal: Financiamento Propric

DADOS DO PARECER

Mimero do Parecer: 925 361
Data da Relatoria: 189/03/72015

Apresentagio do Projeto:

A Insuficiéncia Cardiaca (IC) & um importante problema de satde plblica sendo considerada uma epidemia
emergente, assim, estratégias sdo imprescindiveis para methorar os sintomas e diminuir a utilizagio e os
altos gastos com recurses de salide. Baseado na evelugdo do conhecimento a respeite da Sindrome da
Insuficiéncia Cardiaca, novas abordagens se fazem necessarias a fim de minimizar os sintomas e melhorar
a gualidade de vida destes pacientes, tendo destaque as terapias ndo farmacologicas, come o uso da
fototerapia por LASER. Assim, o objetivo deste estude € estudar o efeito do LASER na fungdo muscular e
na oxigenagdo tecidual dos membros inferiores de pacientes com Insuficiéncia Cardiaca. Trata-se de um
estudo cinico aleatorizado, duplo-cego, incluindo 20 individuos portadores de Insuficiéncia Cardiaca, com
quadro estavel, classe Il ou Il segundo a New York Heart Association (MYHA). Estes serio avaliados
quanti a sua fungio muscular e cidgenagio tecidual nos membros inferiores pré e pos-intervengio aguda
com LASER. As avaliagies serio realizadas através de um dinamdmetro isocinético e espectroscopia no
infravermelho proximao (MIRS). Sera analisada a concentragio de oxiemoglobina e deoxiemaoglobina,
concentragio total de hemoglobina, a diferenga enire essas concentraghes, forque muscular e indice de
fadiga. Os dados serdo submetidos a teste de normalidade de
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distribuigio e, caso tenham distribuicionormal, as diferengas entre as intervengdes serio verificadas por
meio de analise da varidncia, sendo considerado significative um p 0.05. Se os dados tiverem distribuigdo
nao-paramétrica. sera utilizado o teste de Mann-Whitney cu Kruskal-Wallis. O software SPSS 10.0 serd
utilizado comao ferramenta para a andlise dos dados. Espera-se encontrar como desfechos deste estudo um
incremento na fungdo muscular periférica e na oxigenagdo tecidual e, ainda, um retardo no desenvolvimenio
de fadiga muscular nos individuos com IC submetidos a intervengio aguda com LASER.

Objetivo da Pesquisa:

Estudar o efeito do LASER de Baixa Poténcia na fungio muscular e na oxigenacio tecidual dos membros
inferiores de individuos portadores de Insuficiéncia Cardiaca.
Avaliagio dos Riscos e Beneficios:

Adequados 3 pesquisa.

Comentarios e Consideragbes sobre a Pesquisa:

As solicitagbes do CEP foram realizadas de forma safisfatonia.
Consideragbes sobre os Termos de apresentagio obrigatoria:
Adequados.

Recomendagbes:

Conclusdes ou Pendéncias e Lista de Inadequagtes:

O CEF recomenda a aprovagio do projeto de pesquisa.

Situagio do Parecer:

Aprovado
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DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: EFEITOS AGUDOS DO USO DO LASER DE BAIXA POTENCIA NA FLI!NIQJE;D
MUSCULAR PERIFERICA EM PACIENTES PORTADORES DE INSUFICIENCIA
CARDIACA

Pesguisador: Pedro Dal Lago

Area Tematica:

Versao: 1

CAAE: 37804814.0.3001.5333

Instituigio Proponente: Universidade Federal de Ciéncias da Satde de Porio Alegre
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER
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Data da Relatoria: 200052015

Apresentagio do Projeto:

projeto de aluna do Mestrado a ser desemvolvido no ambulatdrio de Reabifitagio.

Objetivo da Pesquisa:

Estudar o efeito do LBP (Light Amplification by Stimulated Emission of Radiation)na fungdo muscular e na
oxigenagio tecidual dos membros inferiores de individuos portadores de Insuficiéncia Cardiaca.

Avaliagio dos Riscos e Beneficios:

LBP produz efeitos agudos na resisténcia a fadiga de membros infericres em pacientes portadores de
Insuficiéncia Cardiaca. Atraves desta medida pode-se aperfeigoar medidas terapéuticas e de reabilitagdo
voltadas ao paciente portador de IC, uma vez que que o LBP tem agdc anti-inflamatdria, acelera a
regeneragdo tecidual, aumenta a dirculagdo e retarda o desenvolvimento de fadiga muscular, contribuindo
para a biossintese e recuperagio do tecido muscular.

Comentarios e Consideragtes sobre a Pesguisa:

sip

Consideragbes sobre os Termos de apresentagdo obrigatéria:
foram efetuados

Emdarsgo.  Avenkla Princesa lsabed, n® 370 Centro Cuttural Rubem Rodrigues Ramal: 4135

Balro: Santana CEP:. 906204001
UF: RS Municipio: PORTO ALEGRE
Talefons: |51)3230-3600 Fax- {51)3223-2746 E-mall: secreiEragers-upicaniologs o br

Pringiren (11 S0 532

73



INSTITUTO DE CARDIOLOGIA
CEP DO RS/ FUNDACAO
UNIVERSITARIA DE
Confinuagio do Famecer; 1.112281

Recomendagbes:
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Aprovado

Mecessita Apreciagio da CONEP:

Mao

Consideragbes Finais a critério do CEP:
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Assinado por:
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[Coordenador)
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ANEXO IIl - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE
Termo de Consentimento Livre e Esclarecido dos Pacientes

Vocé esta sendo convidado a participar do projeto de pesquisa intitulado “Efeitos
agudos do uso do laser de baixa poténcia na fungao muscular em pacientes com insuficiéncia
cardiaca”, desenvolvido pela aluna de mestrado Marilia Lambrecht da Silva orientada pelo Prof.
Dr. Pedro Dal Lago. Esta pesquisa tem como orientagdo ética os requisitos da Resolugao
466/12, do Ministério da Saude, que regulamenta pesquisas que envolvem seres humanos.

O projeto tem como objetivo avaliar os efeitos da agdo da fototerapia (terapia baseada
em aplicagdo de luz, através do uso do laser) na redugao da fadiga muscular (cansago nas
pernas) de pacientes portadores de insuficiéncia cardiaca. Este estudo justifica-se pela
importancia de aperfeicoar medidas terapéuticas e de reabilitagdo voltadas ao paciente
portador de insuficiéncia cardiaca para proporcionar melhora na sua capacidade funcional.

Para este estudo, sera sorteado um envelope opaco, por um pesquisador auxiliar, para
ver em qual grupo de avaliagao vocé fara parte, em algum momento da avaliagdo vocé podera
estar recebendo a terapia (fototerapia com laser) e em algum momento da avaliagdo vocé
podera estar recebendo placebo (laser desligado). A participagdo na pesquisa envolvera 3
etapas, com uma frequéncia de 2 dias de intervalo entre cada uma e, serdo realizadas no
laboratério de Avaliagdo Funcional e Nutricional da Universidade Federal de Ciéncias da Saude
de Porto Alegre (UFCSPA).

As etapas da pesquisa serdo divididas em: Entrevista, Aplicagdao de Questionario e
Avaliagao Basal, nestas etapas serdo coletados seus dados pessoais e vocé respondera a um
questionario de multipla escolha que vai avaliar o seu indice de qualidade de vida. Ainda nesta
etapa vocé fara uma familiarizagdo e uma avaliagao inicial com os instrumentos que serao
utilizados para a realizagdo da pesquisa. Sessdes de Fototerapia: em outros dois dias, vocé
realizara um teste de forga dos musculos da coxa da sua perna dominante em um equipamento
de avaliacdo chamado Dinamdmetro Isocinético, no qual vocé realizara a extenséo e a flexao
do seu joelho.

Além disso, vocé realizara sessdes de fototerapia, esta terapia ocorre através da
aplicagdo de um tipo especifico de luz terapéutica nos tecidos do corpo humano. Neste
estudo, esta luz sera aplicada sobre a coxa do membro dominante juntamente com a
realizagao dos testes de forga muscular. O tempo necessario para a realizagdo de cada etapa
deste estudo é de aproximadamente 90 minutos a cada encontro. Serdo realizados, no total
trés encontros. E, estes encontros serdo agendados previamente conforme a sua
disponibilidade e a dos pesquisadores.

No transcorrer ou apds os exercicios poderdo ocorrer alguns desconfortos como
cansago, caibra e dores musculares, também poderédo ocorrer aumento da pressao arterial e
da frequéncia cardiaca. Vocé estara sendo monitorado durante toda a realizagdo dos testes.
Caso ocorra alguma alteracdo, o teste sera interrompido e vocé sera assistido por um dos
pesquisadores. Persistindo a alteracao, vocé sera acompanhado por um dos pesquisadores até
um servico médico especializado. Os beneficios deste estudo incluem a diminuigdo e/ou
melhora da sensagdo de cansago nas pernas assim como a melhora da circulagdo sanguinea
periférica (nas pernas).

Sua identidade sera preservada sob qualquer hipotese, mesmo durante a divulgagéo
da pesquisa e, os dados obtidos a partir da sua participagdo no estudo nao poderao ser usados
para outros fins além dos previstos neste termo. Vocé nao tera nenhuma despesa pela
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participagdo neste estudo e sera ressarcido diante de eventuais danos que possam decorrer
desta pesquisa. Os dados da pesquisa ficardo sob a responsabilidade do Prof. Dr. Pedro Dal
Lago por um periodo de 5 anos. Apds este periodo, todos esses dados ser&o incinerados.

Vocé recebera, ao final da pesquisa, um relatério sobre as suas avaliagbes e os
resultados finais encontrados neste protocolo de estudo.

Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que estou de
acordo em participar deste projeto de pesquisa, livre de qualquer constrangimento, pois fui
informado, de forma clara e detalhada, dos objetivos, da justificativa, dos procedimentos aos
quais serei submetido, dos riscos, desconfortos e beneficios. Autorizo a utilizacdo dos
resultados dos meus testes para publicagdo da pesquisa em meios cientificos.

Fui igualmente informado da garantia de receber a qualquer pergunta ou duvida
esclarecimento sobre a pesquisa, e da liberdade de retirar meu consentimento a qualquer
momento, sem que haja prejuizo para a minha pessoa.

Ciente e de acordko com o que foi anteriormente exposto, eu

, RG ndmero
estou de acordo em participar desta pesquisa, assinando este
consentimento em duas vias, ficando com a posse de uma delas e a outra em posse do
pesquisador.

Porto Alegre, de de 201__.

Assinatura

Prof. Dr. Pedro Dal Lago Mestranda Marilia Lambrecht
Orientador da Pesquisa da Silva

Co-pesquisadora

Contato:

- Prof. Dr. Pedro Dal Lago: Universidade Federal de Ciéncias da Saude de Porto Alegre.
Rua Sarmento Leite, n° 245; CEP 90050-170, Centro, Porto Alegre. Anexo 1, sala 308.
Telefone (51) 3303 — 8796. E-mail: pdallago@ufcspa.edu.br

- Comité de Etica da UFCSPA: Universidade Federal de Ciéncias da Saude de Porto
Alegre (6° andar). Rua Sarmento Leite, n® 245; CEP 90050-170, Centro, Porto Alegre. Telefone
(51) 3303 — 8804. E-mail: cep@ufcspa.edu.br

- Fisioterapeuta Marilia Lambrecht da Silva: (51) 9922-5867 ou (55) 9122-6742
E-mail: marilia_lambrecht@yahoo.com.br
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superscript lower-case lefiers [or askensks for significance values and other siatistical data).
Footnotes to the i8e or the authors of the article are not given reference symbols.

Abwiays use fooinoles instead of endnotes.

Acknowledzments

Acknowledgments of people, grants, funds, etc. should be placed in 3 separate secfon on the
file page. The names of funding organizafions should be writlen in full

BCIENTIFIC BETYLE

Generio names of drugs and pesicides are prefemed; if rade names are used, the genenc
name should be given at first mention.

Units and abbreviations

Piease adhere to inkemationally agreed standards such as those adopied by the
commission of fre internatonal Linion of Pure and Applied Physics (ILIPAP) or
defined by the Intemafonal Organizabion of Standardization (150), Methc Slunits
should be wsed throughout except where non-51 units are more common fe_g. fitre
{1} for volume]

Abbreviafons (not sandandized) should be defined at first mention in the shstact
and again in the main body ofthe text and used consistently thereafter.

Drugs

When drugs are mentioned, the iniemational (generic) name should be used. The
propristary name, chemical compasition. and manufachurer should be stated in fisdl
in Materials and methods.

REFERENCER

Citati
FRefrence ctations m the text should be identfied by numbers in square brackets. Soms
examples:

1. Mepgotiafon research spans many disciplines [21

Z This result was later conradicted by Becker and Seligman [B).

3. This effect has been widely studied [1-3, T1.

Reference list

The listof references should only include works that are cited in the Ext and that have been
published oraccepied for publicaion. Personal communications and unpublished works
should only be menficned in the ext Do not use foomotes or endnotes as a substiite for a
referance list
The enfries in the [t should be numbered consecutvely
: Jowmal artide
Gamelin FX, Baguet G, Berthoin 5, Thevenet D, Nourry C, Notin 5, Bosquet L
(2009} Effect of high imensity mtermifient rmining on heart ate variability in
prepubescent children. Eur J Appl Physiol 1057 31-738. doi: 10.1007/s00421-008-
o558

Ideally, the names of all authors should be provided, but the usage of “etal” in long
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author lists will also be accapted:

Smith J, Jonas M.Jr, Houghion L etal (1920) Future of health insurance. N Engé J
Med DBE325-320

i Article by DOI
Slifka MK, Whition JL (2000} Chnical implications of dysregulated cylokine
producton. J Mol Med. doi:10.1007/s001020000088
i Book
South J, Blass B (2001) The future of modem genomics. Blackwell, London
i Book chapler
Brown B. Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modem
genomics, 3rd edn. Wiley, New Yook, pp 230-257
¢ Dndine docurnent
Cartwright J (2007) Big stars have weather ino. K0P Publishing Physics\Web.
hitpcliphysicsweb orgiaridesinews1 16181 Accessed 28 June 2007
+ Dimseraion
Trent JVW [1E75) Expenmental acute renal fadure. Disserafion, University of
Califomia

Alwrays use the standard abbrevialion of a joumal's name according o the B55M List of Tile
Word Abbrewviations, see

ISSN.org LTWA

I you ane unsure, please use the full joumnal tile.

For authors using EndNofe, Springer provides an output shyle that supports the formatting of in-
text citations and reference ist

Endhote styie {zip. 2 kB)

Authors preparing their manuscriptin LaTeX can use the bibtex file spbasic bst which is.
mnciuded in Springer's LaTeX macro package.

TAELEE

i All ables are o be numbered using Arabic numerals.
n  Tabbes should always be cited in text in consecubive numencal order.

- Foreach table, please supply a table caption (tife ) explaining the components of
the table.

#  |dentify any previously published matenial by giving the original source in the fom
of a reference atthe end ofthe table capion.

i Foofnobes o tables should be indicated by superscript lower-case lefters (or

asiensks for significance values and oher statisical data) and included beneath
the tabie body.

ARTHORK AND ILLUSTRATIONS GUIDELINEE

= Bupply all figures elecironically.
»  Indicate what graphics program was used to create the arbwork.

- For vector graphics, the preferred format is EPS: for halfiones, please use TIFF
format M50fice files are also accepiable

»  Vector graphics containing fonts must have the fonts embedded in the files.

AW springer comimedcinafoumal D03 7prn_view=rustoetss Page=pitc]_ 1060555 a5



130772016 Lasers In Medical Science — Inci. option o pubiish open access
Name your figure files with “Fig™ and the figure number, e.g., Figl.eps

Line Ant
100
~&- - Amebold micreglia
& - Ramified microglia
&
£ A
£ . P Y
2 //
'g 10 2 4
z LANOVA: P=0.25
@
3
o
= 1 A
- 5 T
= : . ;
TRANOVA: P=6.01* aach
. ARARIOVA: Pt *
0
DLPFC ACC Hi MD

Definition: Black and white graphic with no shading

# Do notuse faintlines and/or letiering and check that all lines and lettering within
the figures are legible at final size

= All Bnes should be atleast 0.1 mm (0.3 pt) wide.

¢ Scanned line drawings and line drawings in bitmap format should have a mnimum
resolution of 1200 dpi

. Vector graphics containing fonts must have the fonts embedded in the files

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading
etc

If any magnification is used in the photographs, indicate this by
using scale bars within the figures themselves

Halftones should have a minimum resolution of 300 dp

Combination Art
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Definition: a combination of halftone and line an, e g.. halfiones containing Ene
drawing, extensive letenng. color diagrams, ebc.
Combanaton artwork should have a minimum resolution of 600 dpi.

Color Art

Codor art is free of charge for online publication.

If biack and white will be shown in the print version, make sure that fhe main
informafion will still be visible. Many colors are not distinguishabile from one
anoder when converted to black and white. A simple way to check this is o make a
xemographic copy o see if the necessarny distinctions between the difierent colors
are still apparent.

Ifihe figures will be prinied in black and white, do not refer to color in the capBions.
Color #lustraions should be submitted as RGB (8 bits per channel}.

Figumre Lettering

= To add kettening, it is best o use Helveiica or Anal {sans seqffonts),
i Keep letiening consistently sized throughout your final-sized artwiork, wsually aboast
Z-3mm (B-12 ptj.

» Wanance of type size within an illustaton should be minimal, e.g., do not use B-pt
type on an axis and J-piitype for the axis label.

: Avoid efects such as shading, outfine letters, ete.
- Do not indude Ses or captions within your illustatons.

Fipure Munbenng

All figures are o be numbered using Arabic numerais.

Figures should ahways be cited in text in consecutive numerncal order.

Figure paris should be dencted by lowercase letiers {a, b, ¢, eto. ).

I an appendix appears in your article and i contains one or more figures, continue
the consecutve numbenng of the main text. Do not number the appendix figunes,
"A1, A2, A3, elc.” Figures in oniine appendices (Elecronic Supplementary Material)
should, however, be numbered separately.

Fipure Captions
: Each figure should have a concise capiion describing accurately what the figure
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depicts. Include the capfions in the text file of the manuscrpt, not in the figure Se.

i [Figure capBons begin with the t=om Fig. in bold type, followed by the figure numbser,
also in bold type.

+ No punchsation is to be induded afier the number, nor is any puncluabon to be
placed at the end of e capion.

:  |dentify afl efements found in the figure in the Sgure capion; and use boxes, circes,
et a5 coordinate points in graphs.

: Identify previously published material by giving the original source in the form ofa
reference ciabon at the end of the figure caplion.

Fipure Placement snd Size

Figueres should be submited separately from the text, if possible.

When preparing your figures, size figures o fit in the column width.

[For most journals #he figures should be 38 mm, 84 mm, 128 mm, or 174 mm wide
and not higher than 234 mm.

For books and book-sized journals, the figures should be B0 mm or 122 mm wide
and not higher than 186 mm.

Pesiiios

ff you mchede figures that have already been published elsewhere, you must obtan
pemission from fhe copyright ownen(s) for both the print and online format. Please be awame
that some publishers do not grant electronic ights for free and that Springer will not be able o
refund any cosis hat may have occumed o receive these permissions. In such cases, material
from other spurces should be used.

Accessihility
In prder bo give people of all abiifes and disabilifes access o the content of your figures,
please make sure that

Al figures have descriptive capions (blind wsers could then use 3 texi-o-speech
sofiware or 3 ext-io-Braifle hardware)

FPattems are wsed instead of or in addifon o colors for conveying information
{colorblind users would then be abie to distinguish the visual elements)

Any figure lettering has a conirast rato of at least 4 .51

ELECTRONIC SUPFLEMENTARY MATERIAL

Springer accepts electronic multimedia files {animations, movies, audio, ete.) and ofher
suppdementary files to be published online along with an arficle or a book chapter. This feature
can add dirmension io e author's article, as certgin information cannot be prinied or is more
convenient in electronic form

Before submifting research datasets as elecionic supplementary matenal, avthors should
read e jpumal’s Research data policy We encourage research data to be amchived in da@
repositones wherever possible.

Submissi

Supply all supplementary materal in sandard file formats.

Piease inclede in each file the following information: articie fiie, joumal name,
author names; affiliation and e-mail address of the comesponding author

To accommaodate wser downloads, please keep in mind thatlarger-sized files may
require very long download fimes and that some wsers may experience other
problems during downloading,

Andio. Video, and Animations

Aspectratio; 160 or4:3
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Mazximum file size: 25 58
Minimum video duration: 1 sec
Supported file formals: avi, wimy, mpd, mov, m2p, mp2, mpg, mpeg, fiv, maxd. mis,
mev 3gp

Text and Presentations
Surbrmit your material in POF format .doc or pptfiles are not suitable forlong-term

viability.
A collection of figures may atso be combined in a POF file.

Spreadsheets

Spreadshests should be conwveried to POF ifno interaction with the data is
intended.

I the readers should be encouraged to make their own calculations, spreadsheets
should be submified as xis files (M5 Excel).

Specialized Fommats
Specalized format such as pdb (chemical), wrd (VRML), nb (Mathematica
notebook), and tex can also be supplied.

Collecting Multiple Files
It s possible to coflect multple files in a =Zip or g file.

Mumbering

I supplying any supplermentary material, the text must make specific mention of the
material as a citation, similar o hat of figures and tables.

Refer o the supplementary files as "Online Resourca”, e.g.. ™. as shown in the
animaton {Online Resource 377, " addiional data are given in Onfine Resownce
47

Hame the files consecutvely, e.g. "ESM_3.mpg”. "ESM_4 pdf.

Captions
For each supplementary matenal, please supply a concise caption descrbing the
content ofthe file.

Processing of supplementary files

Blectronic suppiementary makerial will be published as received from the author
without any conversion, editing, or reformaling.
Accessibility
In order fo give people of all abilifes and disabiliies access 1o the content of your
suppiementary files, please make sure that
The manuscript contains a descripive caption for each supplementary matenal

Video files do not contain anykhing that fashes more than three fimes per second
{s0 that users prone o seizures caused by such effects are not put at risk}

ETHICAL REEPONSIBILITIER OF AUTHORE

This joumal is commitied to wpholding the integrity of the scentific record. As a member of the
Committee on Publication Ethics {COPE] the joumal will follow the COPE guidelines on how to
deal with potential acts of misconduct.

Aathors shoubd refrain from misrepresenting research results which could damage fhe tustin
the joumad, the professionalism of scientiic authorship, and ulimately the entire scientiic
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endeavow. Ma:ntaming integrity of the research and its presentation can be achieved by
following e nées of good scienfific prachce, which include:

i The mamuscript has not been submited to more fian one jounal for simultaneous
consideration.

i The manuscripthas not been published previously (parily or in full). unless the new
work concems an expansion of prewvious work (please provide ansparency on the
re-use of material to awoid the hint of iext-recycling ("sef-plagiarism™))

1 A sngle studyis not splitup into several parts ko increase the guantity of
submissions and submitted to various joumals or fo one joumal over Bme {2.g.
“salami-publishing™).

: Mo data have been fabncated or manipulated (including images) to support your
conclusions

: Modats, e, ortheones by olhers are presenied as if they were fhe author's own
("plagiarism™). Proper acknowledgements io other works must be given {this
indudes matenal that is desely copied (near verbatim), summanzed andfor
paraphrased). quotation marks are used for verbatim copying of material, and
permissions ane secured for material that is copyrighted.

Important note: e joumal may use sofiware to screen for plagiansm.

: Consent o submit has been received explicify from all co-authors, as well as from
fhe responsble authonbes - @ity or explicitly - at the insthie/onganizaton whene
the work has been camied out, before the work is submitied.

:  Aurthors whose names appear on the submission have contnbuted suficienty o
the scsenffic work and therefore share coflecive responsibility and accountability
for the results.

In addifion:

Changes of authorship orin the order of authors are not accepted after accepance
of a manuscript.

Requesting o add or delete authors at revision stage, proof stage, or afier
publcation is a serious matier and may be considered when justfiably wamanted.
Justification for changes in aufhorship must be compelling and may be considensd
only after receipt of writen approval from alf authors and a convincing, detailed
explanation about the rofeideleton of the new/deleted author. In case of changes at
revision stage, a lefler must accompany the revised manuscript. In case of changes
afier acceptance or pubfication, the request and documentation musi be sent via
the Publisher to the Edior-in-Chief. in all cases, further documentation may be
requied o suppost your request The decision on accepling the change rests with
the Edifor-in-Chief of the joumal and may be umed down. Therefore authors are
songly advised o ensure the comect author group, comesponding author. and
order of authors at submission.

Upon request arthors should be prepared 1o send relevant documentation or data
in order i verify the validity of the results. This could be in the form of aw dat,
samples, reconds, efc.

iFihere is a suspicion of misconduct, the joumal will carmy out an invesSigaton following e
COPE guedeines. f, afterinvesbgabon, the allegabon seems o raise valid concems, the
accused authorwill be conEcied and given an opportunity io address the issue. i misconduct
has been established beyond reasonable doubt. this may resultin the Edilor-in-Chiefs
impiementation of fie following measures, indueding, but mot imited io;

e arficie is still under consideration, it may be rejected and relumed to the
author.

If e article has already been published online, depending on the natre and
severity of the infraction, either an ematum will be placed with the article orin
seyers cases complete retraction of the arficle will occur. The reason must be given
in e published ematum or refraction noke.

The author's insiitution may be informed.
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COMPLIANCE WITH ETHICAL ETARDARDS

To ensure objectivity and ransparency in research and to ensure that accepied princples of
ethical and professional conduct have been followed, suthors should inclisde nformation
regarding sources of funding. potental confiicts of interest (financial or non-fnancial), informed
consent if the reseanch involved human participants, and a statement on welfare of animals i
fhe reseanch involved animals.

Authors should include the following statements (if applicable) in a separate sechion entified
"Compliance with Ethical Standards™ when submitfing a paper.

Disciosure of potenfal conflicts of interest

Research inwolving Human Parficipanis andior Animals

Informed consent
Piease note that standards could vary slighiy per joumnal dependent on thesr peer review
policies (ie. single or double blind peer review) as well as perjoumal subject discipline.
Before submiffing your aricle check the instruciions following this seciion cansfully.
The comesponding author should be prepared o coliect documentation of compliance with
ethical standards and send if requested during peer review or afier publicaton.

Thie Editors reseme the right to reject manuscripts that do not comply with fhe abowe-
mentoned gudefines. The author will be held respensible for f&lse sEtements or failure o
fulfill fhe sbove-mentioned guidelines.

DHECL0ZURE OF POTENTIAL COMFLICTE OF INTEREST

Authors misst disclose all relationships or interests hat could have direct or potential infuence
or impart bias on the work. Alhough an author may not feel there is any confiict, disclosure of
redatonships and interests prowides a more complete and transparent procass, leading to an
accurate and objecive assessment of the work. Awareness of a real or perceived conflicts of
miterestis @ perspective o which the readers are entited. This is not meant o imply thata
financial relationship with an organization that sponsored the research or compensaton
received for consultancy work is inappropriate. Examples of potenBal conflicts of mferests that
are directly or indirectly related to the research may include but are not limited to the
following-

i Research grants from funding agencies (please give fhe research funder and he
grant number)

# Honorana for speaking at symposia

i Financial support for atending symposia

: Financial support for edecational programs:

: Employmentor consultation

i Support from a project sponsor

¢ Position on adwisory board or board of directors or oher type of management
relafonships

i Mulfiple affliafons

= Financial refabonships, for example equity owmership or investment imerest

: Inteflectual property rights {e.g. patents, copyrights and royalties from such rights)

+ Holdings of spouse andfor children that may have financial interest in the work

In addibon, interests fatgo beyond Snancial interests and compensation {non-financial
mterests) that may be important io readers should be disclosed. These may include but are not
Emited io personal relatonships or compefing interests directly or indirecly ted to this
reseanth, or professienal inferests or personal beliefs that may influence your research.

The comesponding author collects the conflict of interest disciosure forms from a8 suthors. In
author collaborations where formal agreements fior representafion allow #, it is suficient for the
comesponding audhor to sagn the disclosure form on behalf of all authors. Examples of forms
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can be found

hems:

The comesponding auttor will include 3 summary statement in the text of the manuschptin a
separate section before the reference list. that refiects what is recorded in the potential confiict
of interest disclosure formis].

See below examples of discosures:
Funding: This sudy was funded by X {grant number Xj.

Conflict of Interest: Author A has received research grants from Company A. Author B has
received 3 speaker honoranum from Company X and owns siock in Company Y. Author C is a
member of commitiee T

o confiict exists, fie authors should stage:
Conflict of interest The authiers deciare that they have no conflict of interest.

REZEARCH INVOLVING HUMAN PARTICIPANTE ANOIOR ANIBALD

1) Statement of humsn rights

When reporiing studies that involve human participants, authors should include a stiatement
that the studies have been approved by the appropriate insftufional andior national research
ethics commattee and have been periormed in accordance with the ethical standards as laid
dowm in the 1084 Dedarabon of Helsinki and its later amendments or comparable efhical
standards.

ff doubt exists whether the research was conducied in accordance with the 1864 Helsinki
Dedaration or comparable standards, the authors must explain e reasons for their approach,
and demonstrate that the independent ethics committes or instiutonal review board expliciy
approved the doubtful aspects of the study.

The following sEEements should be induded in the text before the References secon:
Ethical approval: "All procedures perfommed in studies involving human participants wene in
accomdance with e ethical sBndards of the msbtutional and/or national research committes

and with the 1884 Heisinki deciaration and its later amendments or comparable ethical
standards.”

For rerospectve sudies, please add the followsng sentence:
“For this fype of siudy formal consent is not required.”

) Statement on the welfare of animals

Thie welfare of animals used for research must be respected. When reporing expermenis on
animals, avthors should indicate whether the intermabional, national, andfor instiutonal
guidefines for the care and use of animals have been followed, and that the stdies have been
approved by a research ethics committee at the instibution or practice at which the shadies were
conducied (where such a commitiee ewsis).

[For studies with animals, the ollowing salement should be included in the text before the
References sechon:

Ethical approvak “Afl applicable internatonal, naonal, andfor instihdional guidelines for the
care and use of animals were followed

Fapplicable (where such @ commitees exists]: "All precedures performed in studies involving
animals were in accondance with the ethical sendands of the insfifufion or pracice at which the
studies were conducied ™

Farfcies do not contain shudies with human participants or animals by any of the authors,
piease select one of e following statements:

“This arficle does not contain any studies with human parcipanis performed by any of the
authors.”
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“This arficle does not contain any studies with animals performed by any ofthe authors.”

“This arficle does not contain any studies with human parbcipants or animals performed by any
of the authors.”

INFORMED CONIENT

All individuals hawe individual rights that are not to be infinged. Individual paricipants in
studies have, for example, the right o decide what happens io the {identifiable) personal data
gathered, to what they hawe said during a sludy or an inteniew, as well as to any photograph
that was Bken. Hence it is important that all participants gave their informed consentin writing
prior i inclusion i the study. ldentfying detEils [names, dates of birth, identity numbers and
other information) of the participants that were studied should not be published in writien
descripfions, photographs, and genefic profiles unless the information is essential for sciendific
purpases and the parfcipant (or parent or guardian if the paricipant is incapable ) gave writien
mformed consent for pubfication. Complete anonymity is dificult o achieve in some cases,
and informed consent should be obizined if there is any doubt. For exxample, masking fhe eye
region in photngraphs of participants is inadequate protection of anonymity. fidentifiying
characterisfics are aliered 1o protect anonymity, such as in genetic profiles, authors should
prowvid e fhatal ions do not distort scientfic meaning.

The follewing stalement should be included:

Informed consent: “informed consent was obtained from all individual participants incuded m
the shrdy.”

fFigentfyng mformabon about participants is available in the ariicle, the foflowing statement
shoudd be included:

“Additonal informeed consent was obtained from all individual participants for whom identifying
mformabon s moheded in this arbcle "

AFTER ACCEFTANCE

Upon acceptance of your arficle you will receive a link o the special Author Cuery Application
a Sprnger's web page where you can sign the Copyright Transfer Statement onfine and
mdicate whether you wish to order OpenChoice and offprints.

Once the Author Query Application has been completed, your aricle will be processed and
you will recenve the proofs.

Open Choice

In addition o the nommal publication process (whereby an articde i= submitied o e joumnal
and access fo that arfcle is granted to custormers who have purchased a subsoripton),

Spnnger now prowvides an allematve publishing opton: Springer Open Choice. A Springer
Open Choice arfide receives all the benefis of a regular subscription-based arficle, butin
addifion is made available publicty through Springer’s online platiorm SpringerLink.

Spnnger Open Choice
Copynght transfer
Authors will be asked to transfer copyright of the arficle to the Publisher (or grant fve Publisher

exciusive publication and dissemination rights). This will ensure the widest possible protection
and disseminagon of mformaton under copyright laws.

Dpen Choice arficles do not require Fansfer of copynight s the copyright remains with fe
author. In opting for open access, the authon(s) agree io publish the aricle under the Creative
Commons Alfribution-MonCommercial 4.0 InfermaBonal License.
Creative Commaons Atnbuion-MonCommercial 4.0 Intemational License
Offprints
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Offprints can be ondered by the ponding author.

Color illustrations

Publicaben of color llusrations is free of charge.

Pmofreading

The purpose of the proofis to check for iypeselfing or conversion emors and fie compleiEness
and accuracy of the text, tables and figures. Substantal changes in content, e.g., new results,
comected values, file and authorship, are not allowed without the approval of e Editor.

Afer enline publication, furiher changes can only be made in the form of an Ematem, which will
be hyperdinked io the arficle.

Online First

The article will be published online after receipt of the comected proofs. This is the offical first
puhblication citable with the DOL After release of the printed wersion, the paper can also be
cited by issue and page numbers.

CFEN CHOICE

In addition o the nommal publication process (whereby an articde is submitied o e joumnal
and access o that arécle is granted to customers who have purchased a subscripson),

Spnnger provides an altemative publishing option: Sprnger Open Choice. A Sprnger Open
Choice article receives all the benefils of 3 regular subscription-based ariicle, but in addition is

made available publichy frrough Springer’s online platiorm Spangerlink.
Open Choice

Copytight and license tesm — OC BY
Open Choice arfides do not require ransier of copynght as the copynght remains with e
author. In opting for open access, the authoris) agree fo publish the arficle under fe Creative
Commaons Attribution License.
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