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RESUMO

O alongamento muscular € um importante exercicio para desenvolver e manter os
niveis de amplitude de movimento articular adequados a uma vida saudavel. Sem
envolver impacto osteoarticular, o uso deste exercicio serve como importante
ferramenta na prescricdo clinica. Apesar de largamente utilizado no meio
terapéutico, existem muitas polémicas e controvérsias acerca da utilizacdo dos
mesmos. Publicagdes recentes apontam para uma perda musculo-tendinea de
tensdo passiva pos-alongamento e redugédo do aporte de oxigénio, levando a uma
perda de producdo de forca em funcdo de menor recrutamento de unidades
motoras, fato este que parece gerar uma compensagao metabdlica. A ordem dos
exercicios esta dentre as principais variaveis metodologicas do treinamento. Esta
variavel possui grande apelo nas prescricdes de exercicio e vem sendo alvo de
diversas pesquisas. Entretanto, existem muitas duvidas na ordem de prescricdo dos
exercicios de alongamento quando combinados aos exercicios resistidos e, nenhum
estudo se destinou a investigar os efeitos da ordem de exercicios de alongamento
muscular isoladamente sobre o sistema cardiovascular. No presente estudo, a
hipotese inicial levantada foi a de que os exercicios de alongamento estatico
aumentam a sobrecarga cardiaca independente da ordem dos exercicios,
especialmente quando combinados com exercicios resistidos. Assim, objetivou-se
através de 2 experimentos distintos, envolvendo vinte e nove voluntéarios (n = 29),
verificar o efeito da ordem de exercicios de alongamento muscular sobre as
respostas cardiovasculares e autondmicas. No primeiro experimento, buscou-se
investigar o efeito agudo de diferentes ordens de exercicios de alongamento estatico
em combinagdo com os exercicios resistidos. Ja no segundo, foi investigar o efeito
agudo de diferentes ordens de alongamento estatico de acordo com a massa
muscular envolvida sem combinagdo com outro tipo de exercicio. Os resultados
demonstraram que o0s exercicios de alongamento estatico aumentam
significantemente (P<0,05) a frequéncia cardiaca, pressao arterial, duplo produto e
geram supressao significante (p < 0,05) do indice vagal rMSSD. Tais exercicios
também reduzem significantemente (p < 0,05) o aporte de oxigénio, aumentando a
sobrecarga cardiaca independente da ordem de execugéo. Esta sobrecarga ocorre
especialmente na combinacdo com exercicios resistidos, tornando o treinamento
mais intenso quando o alongamento é realizado no inicio da sessdo, em que
também foi demonstrado aumento significante (P<0,05) da modulagdo simpatica
com base na anadlise do indice LF. Além disso, foi demonstrado que quando os
exercicios sao ordenados em funcdo do tamanho da massa muscular envolvida,
existe maior sobrecarga com a realizagdo do alongamento estatico dos maiores
grupamentos musculares, pois ocorre aumento significantemente maior da presséo
arterial e duplo produto (P<0,05). Portanto, os exercicios de alongamento muscular
estatico, contrariamente aos saberes empiricos, aumentam a sobrecarga do coragéo
e, devem seguir cuidados e critérios de prescricao, sobretudo em popula¢gdes com
elevado risco cardiaco e quando combinados a outros tipos de exercicios como 0s
resistidos.

Palavras-chave: Variabilidade da Frequéncia Cardiaca. Exercicios de
Alongamento Muscular. Coracéo.



ABSTRACT

Muscle stretching is an important exercise in developing and maintaining joint range
of motion for healthy living. Without involving osteoarticular impact, the use of this
exercise serves as an important tool in clinical prescription. Despite it has been
widely used in the therapeutic environment, there are many controversies and
conflicts about the use of them. Recent publications point to a loss of muscle-tendon
passive tension post-stretching and reduction of oxygen supply, leading to reduce the
force production due to lower recruitment of motor units, which seems to generate a
metabolic compensation. The order of the exercises is one of the main
methodological variables of the training. This variable has great appeal in the
prescriptions of exercise and has been studied by several researches. Nevertheless,
there are many doubts in the prescription of stretching exercises order when
combined with resistance exercises, and no study has focused to investigate the
effects of the order of muscle stretching exercises (alone) on the cardiovascular
system. This study aimed to evaluate two different experiments involving twenty-nine
volunteers (n = 29) to verify the effect of the order of muscle stretching exercises on
cardiovascular and autonomic responses. In the first experiment, we investigated the
acute effect of different orders of static stretching exercises in combination with
resistance exercises. In the second, we evaluated the acute effect of different orders
of static stretching according to the muscular mass involved without combination with
another type of exercise. The initial hypothesis was that static stretching exercises
increase cardiac overload regardless of the order of the exercises, especially when
combined with resistance exercises. The results demonstrated that the static
stretching exercises significantly increased (P<0.05) heart rate, blood pressure, rate
pressure product and generated significant (P<0.05) suppression of the vagal rMSSD
index. Those exercises also reduced significantly (P<0.05) the oxygen supply,
increasing the cardiac overload independently of the execution order. This overload
was demonstrated especially in combination with the resistance exercises, making
the training more intense when the stretching is performed at the beginning of the
session, in which we also observed a significant increase (P<0.05) in sympathetic
modulation based on the LF index. When the exercises were carried out according to
the size of the muscular mass involved, we found a greater cardiac overload
performing static strechting in the larger muscle groups, due to a significantly greater
increase in blood pressure and rate pressure product (P<0.05). Therefore, static
muscle stretching exercises, in contrast to empirical knowledge, increase cardiac
overload, and should be followed by prescription criteria, especially in populations
with high cardiac risk and when combined with other types of exercises such as
resistance exercises.

Keywords: Heart Rate Variability. Muscle Stretching Exercises. Heart.
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1 INTRODUGAO

Segundo o American College of Sports Medicine (ACSM, 2011), a flexibilidade
€ um dos principais componentes da aptidao fisica relacionada a saude. Nesta
diregdo, o alongamento muscular estatico (AE) € um importante exercicio para
desenvolver e manter os niveis de amplitude de movimento articular adequados a
uma vida saudavel. Sem envolver impacto osteoarticular, o uso deste exercicio
serve como importante ferramenta na prescricdo clinica. Entretanto, apesar de
largamente utilizado no meio terapéutico, existem muitas polémicas e controvérsias
acerca da utilizagdo dos exercicios de AE. Publicagbes recentes apontam para uma
perda musculo tendinea de tensao passiva pos-alongamento (KONRAD et al., 2019;
KONRAD et al., 2017; KAY et al., 2015) e redugao do aporte de oxigénio (MCCULY,
2010), levando a uma perda de produgéo de forca (COSTA E SILVA et al., 2014a;
BEHM; CHAOUACHI, 2011; COSTA E SILVA et al., 2012; FOWLES et al., 2000) em
fungdo de menor recrutamento de unidades motoras (MAREK et al., 2005; FOWLES
et al., 2000).

Apesar das recentes pesquisas supracitadas, historicamente, os exercicios e
atividades envolvendo a aplicagdo do AE sempre foram utilizados antes e depois
das atividades fisicas e desportivas, com a proposta de obter ganhos no
desempenho e reduzir o risco de lesdes. Nao obstante, de acordo com os principais
estudos da literatura revisada, parece nado existir sustentagdo cientifica para este
tipo de suposigdo. Witvrow et al. (2004), Andersen et al. (2005), Thacker et al.
(2004), Weldon e Hill (2003), Herbert e Gabriel (2002), Shrier (1999), Gleim e
McHugh (1997) apds realizarem importantes revisbes de literatura apontam a
dificuldade de estabelecer nexo causal entre AE e lesdo muscular, especialmente
por fatores de confusdo, como por exemplo, determinar se as alteracbes musculares
ocorrem em fungao de aumento da tolerancia em relacdo aos exercicios de AE ou
pela rigidez muscular (stiffness). Além disso, os autores apontam que os estudos da
literatura pertinente ao tema possuem dados de amostras muito diferentes, nao
distinguem estiramentos, entorse, lesbes por repeticdo e raramente usam
denominadores adequados de exposicao.

Neste sentido, Pope et al. (2000) dividiram 1538 recrutas do exército
americano em dois grupos. Os sujeitos foram submetidos a 12 semanas de

exercicios fisicos vigorosos. Um grupo realizou AE durante o periodo estudado,
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enquanto o outro grupo nao realizou AE. Ocorreram 158 lesdes no grupo de AE e
175 no grupo de controle, sem diferengas significantes. Dessa forma, n&o existem
evidéncias cientificas para afirmagdes conclusivas que demonstrem efeitos
profilaticos agudos ou cronicos do AE. Indo mais além, Costa et al. (2013) sugerem
que o alongamento possa aumentar o risco de lesdo. Segundo os autores, ao
reduzir a forga 0 mesmo gera desequilibrios musculares. O AE pode proporcionar
modificagdes de natureza neural e/ou estrutural, refletindo em alteracbes do
desempenho neuromuscular, assim como no comportamento de variaveis
fisiologicas.

Konrad et al. (2019) demonstraram através de ultrassonografia e
dinamometria que 5 séries de 60 segundos de AE reduzem a tensdo muscular
passiva e o torque isométrico maximo em até 10 minutos apos o exercicio. Fowles et
al. (2000) observaram que a partir de 60 segundos de sustentacdo do AE se pode
observar redugao da forga muscular, sendo que estudos (COSTA E SILVA et al.,
2013; COSTA E SILVA et al.,, 2014a) apontam que em apenas 30 segundos de
sustentagcdo, a forca e aporte de oxigénio ja podem ser prejudicados. Os
mecanismos neurais e estruturais capazes de gerar tal efeito deletério a
performance parecem gerar uma compensagao metabolica, devido a uma possivel
sobrecarga cardiovascular, conforme os estudos com importante contribuicdo clinica
de Farinatti et al., (2011a) e Lima et al. (2015), em que os autores observaram
maiores respostas cardiacas e pressoricas em fungao do AE.

Lima et al. (2015) observaram que os exercicios de AE aumentam a
sobrecarga do coragao, elevando a frequéncia cardiaca e duplo produto. Além disso,
estudos anteriores (COSTA E SILVA et. 2012; COSTA E SILVA et al.,, 2014a,
COSTA E SILVA et al., 2014b) demonstram que o AE pré-exercicio causa prejuizo
na performance de atividades que requeiram forgca, podendo diminuir o aporte de
oxigénio para o musculo estirado (MCCULLY, 2010; COSTA E SILVA et al., 2013).
Neste sentido, Silveira et al. (2016) observaram que o AE aumenta a presséao arterial
e 0 pulso pressoérico, que reflete indiretamente em um aumento da rigidez arterial em
homens jovens saudaveis. Farinatti et al. (2011b) observaram que os exercicios de
AE eram capazes de modular a variabilidade da frequéncia cardiaca (VFC) em
homens hipomoveis, aumentando o drive simpatico do sistema nervoso autbnomo

(SNA), contudo, ainda permanecem duvidas quanto as respostas em sujeitos com
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niveis adequados de flexibilidade, assim como a ordem de combinagdo com outros
tipos de exercicio.

Neste contexto, Farinatti et al. (2011a) em seu estudo envolvendo 22 homens
jovens assintomaticos, alertam que o AE deve ser evitado em individuos com alto
risco de eventos cardiovasculares adversos, pois observaram significantes
aumentos de presséo sistélica e duplo produto durante as sessdes de alongamento
com e sem o0 uso de manobra de Valsalva. Além disso, outra relevante contribuicao
da pesquisa de Farinatti et al. (2011a) foi a evidéncia de que o tamanho da
musculatura pode influenciar na magnitude destas respostas cardiovasculares.
Segundo esse estudo, o AE dos grandes grupamentos musculares parece gerar
maior sobrecarga cardiaca em comparagdo ao AE dos menores grupamentos.
Apesar da auséncia de estudos acerca do tema, os resultados tornam-se de grande
valia para a escolha dos exercicios e manipulagcédo das respectivas ordens.

A ordem dos exercicios esta dentre as principais variaveis metodolégicas do
treinamento (ACSM, 2009; ACSM, 2011). Conforme Siméo et al. (2012), esta
variavel possui grande apelo nas prescricdes de exercicio e vem sendo alvo de
diversas pesquisas (CONCEICAO et al., 2014; CHAVES et al., 2013; FIGUEIREDO
et al., 2011; MIRANDA et al., 2010; SPINETI et al., 2010; BELLEZZA et al., 2009;
FARINATTI et al, 2009, GENTIL et al, 2007; SIMAO et al., 2007;
SPREUWENBERG et al., 2006; SIMAO et al., 2005; SFORZO; TOUEY, 1996).
Entretanto, existem muitas duvidas na ordem de prescricdo dos exercicios de AE
quando combinados ao treinamento de forga (TF) e, nenhum estudo se destinou a
investigar os efeitos da ordem de exercicios de alongamento muscular sobre o
sistema cardiovascular, havendo assim uma lacuna do conhecimento cientifico. O
ACSM (2011), em seu posicionamento mais atual, faz recomendacbes sobre o
numero de séries e tempo de sustentacdo dos exercicios de AE, apontando a

auséncia de evidéncias acerca da variavel ordem de exercicios.

1.1 Objetivos gerais

Estudar a influéncia da ordem de execugao dos exercicios de alongamento

muscular sobre as respostas cardiovasculares e autonémicas.
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1.2 Objetivos especificos
e Artigo 1 — Verificar o efeito agudo de diferentes ordens de exercicios de
alongamento muscular estatico combinados ao treinamento de forga sobre as
respostas cardiovasculares e autonémicas.
e Artigo 2 — Verificar o efeito agudo de diferentes ordens de exercicios de
alongamento muscular estatico sobre as respostas cardiovasculares e

autondmicas.
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2 REVISAO DA LITERATURA

Inicialmente, neste topico foram destacados/delimitados os conceitos de
alongamento muscular e flexibilidade, junto com um resumo dos efeitos do
alongamento na perspectiva neural e estrutural (mecénica). Logo ap0és, foi feita uma
detalhada descrigao de alguns estudos existentes na literatura cujo cerne foi verificar
os efeitos neuromusculares do AE. Antes de descrever os estudos que verificaram
os efeitos cardiovasculares e autonbmicos do AE, por meio de um breve texto
simples e direto, visou-se explicar ao leitor o que € VFC, qual sua importancia e
como ela é analisada.

Em seguida, buscou-se esclarecer algumas questbes pontuais através da
revisdo de literatura dos seguintes topicos: Alongamento Muscular Estatico
Combinado ao Treinamento de Forga e, finalmente, Alongamento Muscular Estatico

e Ordem de exercicio.

2.1 Alongamento Muscular e Flexibilidade

De acordo com Rubini (2010), ao que parece, existe um consenso na
literatura mundial sobre a definicdo de alongamento muscular. Desta forma, o termo
alongamento refere-se a um exercicio para treinar flexibilidade, objetivando por fim,
manter ou ganhar niveis de flexibilidade. Exercicio este que se consiste em estirar a
musculatura até pelo menos o ponto de desconforto, em que tal estiramento deve
ser sustentado por pelo menos um tempo em torno de 10 segundos. Todavia, a
inclusdo desta pratica, quando o objetivo final ndo € somente flexibilidade, ainda
carece de maiores evidéncias cientificas (RUBINI, 2007).

O alongamento muscular pode ser realizado de maneira ativa ou passiva
(com auxilio). Dentre os métodos de alongamento, o método estatico € o mais
difundido. De acordo com Achour Junior (1996), o AE ocorre quando o membro se
move lentamente, sustentando o segmento muscular caracterizado pela tenséao
muscular acima da amplitude habitual do movimento. O mesmo é pontuado como
segmentar, sendo geralmente usado com intuito de alongar um musculo ou grupo
muscular de forma especifica. O AE é geralmente utilizado em praticas clinicas, pois
apresentam menor risco de lesdo comparado aos demais métodos (ROSARIO et. al,
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2008), sendo eles: facilitagdo neuromuscular proprioceptiva (FNP), criado por Kabat
com o objetivo de auxiliar no tratamento de pacientes paralisados (KABAT &
KNOTT, 1953) e os alongamentos balisticos ou dindmicos.

Ja flexibilidade é conceituada por Dantas (1998) como “qualidade fisica
responsavel pela execugdo voluntaria de um movimento de amplitude angular
maxima por uma articulagdo ou conjunto de articulagdes, dentro dos limites
morfolégicos, sem o risco de provocar lesdo”. Contudo, ao contrario dos demais
componentes da aptidao fisica, quando se refere a flexibilidade, ndo quer dizer que
quanto maior for o nivel melhor, ou seja, flexibilidade além do necessario pode ser
prejudicial para o desempenho atlético, pondendo até aumentar o risco de
ocorréncia de lesdes. Alguns fatores podem influenciar a flexibilidade, por exemplo,
a idade, sexo e caracteristicas oriundas dos exercicios fisicos regulares.
Adicionalmente, sabe-se que a flexibilidade pode distinguir-se tanto de individuo
para individuo, como no caso de articulagbdes distintas em um mesmo corpo
(ARAUJO, 2008).

O argumento de prevenir lesbes sempre respaldou a pratica do alongamento
combinado a atividades fisicas centrais (principais). Em contrapartida, Rubini (2010)
afirma que jamais foi feito uma pesquisa controlada, randomizada e com métodos
que justifiqguem tal mito. Thacker et.al. (2004) concluiram em revisao de literatura
que nao existem evidéncias capazes de sustentar que o alongamento antes ou
depois do exercicio principal seja capaz de diminuir ou aumentar o risco de leséao,
seja em atletas competitivos ou recreacionais. Estudos cientificos basicos
verificaram a relagdo do stiffness musculotendinoso com mecanismos de lesdes
musculares. Neste sentido, estudos clinicos demonstraram dados conflitantes e
controversos sobre tal relagcdo. Desta maneira, nenhuma relacao pode ser feita entre
leséo e flexibilidade em todos os esportes e niveis (GLEIM & MCHUGH, 1997).
Segundo Farinatti (2000), apesar de haver um reconhecimento praticamente
unanime entre técnicos, preparadores fisicos e médicos de que uma maior
flexibilidade represente uma contribuicdo na prevencdao de lesdes, os dados
cientificos sdo controversos. Especialmente acerca desta associacdo, Costa et al.
(2013) sugerem que o AE de maneira aguda possa aumentar o risco de lesdo em
funcao de criar desequilibrio muscular. Contudo, com o conhecimento cientifico atual

nao é possivel mensurar esta contribuicao.
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Ao tentar buscar esclarecimentos sobre as alteragdes musculares recorrentes
da pratica do alongamento, Kubo et al. (2001) utilizaram ultrassonografia pré e pos-
alongamento para observar o tendao e aponeurose do gastrocnémico medial. Neste
estudo, foi concluido que os AEs reduziram a viscosidade nos tendbes e
aumentaram a elasticidade. Konrad et al. (2019) submeteram 14 sujeitos saudaveis
(7 mulheres e 7 homens) a 5 séries de 60 segundos de AE dos musculos
gastrocnémios e analisaram as alteragbes musculo-tendineas estruturais
imediatamente apds os exercicios, apés 5 minutos e 10 minutos apds o término da
sessdo. Os autores demonstraram através de ultrassonografia e dinamometria que o
AE reduz a tensdo muscular passiva e o torque isométrico maximo em até 10
minutos apds o exercicio. Durante o alongamento, a titina € a estrutura elastica mais
alterada (EDMAN & TSUCHIYA, 1996). Esta estrutura, segundo Minajeva et al.
(2001), é a grande responsavel pela elasticidade muscular. Rubini (2010) ressalta
que aumentando a complacéncia, diminui-se a capacidade de a unidade musculo
tendinosa armazenar energia.

Ja na pesquisa de Avela et al. (1999) foi demonstrado um decréscimo na
sensibilidade dos fusos musculares para estiramentos sucessivos. Desta forma, as
fiboras aferentes de maior calibre tém sua atividade reduzida, fibras estas que
possuem consideravel velocidade de conducio. Tais alteragdes correspondem a
uma amplitude eletromiografica reduzida. Além desses mecanismos, postulam-se
outros aspectos neurais envolvidos, tal como a inibicdo causada pelos 6rgaos
tendinosos de Golgi, os quais auxiliam na redugdo da excitabilidade dos
motoneurdneos responsaveis pela transmissdo dos estimulos motrizes aos
musculos estriados esqueléticos, assim como ativagdo nocioceptora (GUISSARD
et.al, 20006).

Portanto, ainda que enquanto modalidade reconhecida como efetiva para
ganhos e manutencdo de amplitudes de movimento articular fundamentais para
saude, o AE deve ser prescrito com base em critérios mais rigorosos do ponto de
vista cientifico, uma vez que contrariamente aos conhecimentos empiricos, sua
pratica pode gerar alteragcbes musculo-tendineas de cunho neural e estrutural,
influenciando as respostas neuromusculares e fisiologicas durante e apds o

exercicio.
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2.2 Efeitos Neuromusculares do Alongamento Muscular Estatico

Para entender as compensacgdes cardiovasculares e efeitos autonémicos em
funcdo dos exercicios de alongamento, a compreenséo dos efeitos neuromusculares
se torna fundamental. Em relag&o a tais efeitos, além dos estudos que demonstram
o indiscutivel aumento agudo e cronico na flexibilidade em fungdo do alongamento
muscular (OPPLERT; BABAULT, 2018; SU et al., 2017; CHO; KIM, 2016. VOIGT,
2011), boa parte dos estudos disponiveis na literatura cientifica se destinaram a
verificar e analisar as respostas agudas dos exercicios de AE sobre a performance
de variados testes, assim como em diferentes variaveis ligadas a produgao de forga
muscular (FOWLES et al., 2000; BEHM et al., 2001; BEHM et al., 2004; NELSON et
al., 2005; BEHM et al., 2006; YAMAGUCHI et al., 2006; OGURA et al., 2007;
HERDA et al. 2008; COSTA e SILVA et al., 2012; MCHUGH at al., 2013; COSTA E
SILVA et al., 2014). Talvez isso se justifique devido a grande difusdo e aplicabilidade
do método estatico nos mais diversos centros de condicionamento fisico e
treinamento. Entretanto, percebeu-se que existem significativos fatores limitantes
para inferéncias em tais experimentos, especialmente no que tange ao tempo de
sustentagao do estiramento, que de acordo com a literatura vigente, podem variar de
30 (COSTA E SILVA et al., 2012), 45 (KNUDSON et al., 2001) a até 3600 segundos
(AVELA et al., 1999). Sendo assim, por muitas vezes a validade externa no que se
refere a aplicabilidade pratica fica comprometida.

Fowles et al. (2000), em estudo classico e bastante citado, analisaram a
influéncia da duracao dos efeitos dos exercicios de AE, acerca do desempenho da
forca muscular estatica (isométrica) em até uma hora pds-exercicio. Dez (n = 10)
sujeitos moderadamente ativos participaram como voluntarios do experimento (6
homens e 4 mulheres), no qual se verificou as respostas da eletromiografia (EMG) e
da contragao isométrica voluntaria maxima (CVM) dos musculos gastrocnémios. Ao
comparar a CVM antes, durante e po6s-60 minutos, os autores observaram
significantes redugdes na producéo de for¢ca imediatamente apds e até o 15° minuto.
Mesmo nao apresentando diferengas estatisticamente significantes a partir de 15
minutos pods-sessao, até o ultimo minuto, quedas podiam ser observadas. Neste
sentido, foi concluido que os exercicios prolongados de AE para unica musculatura

foram capazes de reduzir a forga muscular por até uma hora. Os autores apontam
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que tal evidéncia se deu pela diminuicdo do recrutamento das unidades motoras
pos-alongamento.

Knudson e Nofall (2005) investigaram o efeito agudo do AE sobre a forga
isométrica no teste de preensdo palmar maxima, realizado por meio de
dinamometria hidraulica, em 57 adultos (33 homens e 24 mulheres). Os autores
perceberam apos regressao linear estatistica, uma consideravel queda da fungao
logaritmica (cerca de 89%) quando os testes eram efetuados apos 1 minuto e 40
segundos de alongamento (10 séries de 10 segundos, com 1 minuto de recuperagao
entre os testes). No mesmo estudo € sugerido que, alongamentos estaticos em torno
de 20 a 40 segundos de duragao, ja podem trazer negativos efeitos ao desempenho
da forca muscular isométrica. Costa e Silva et al. (2012) e Costa e Silva et al.
(2014a) também verificaram os efeitos agudos do AE sobre o desempenho da forga
muscular isométrica por meio de dinamometria e, concluiram que apenas 30
segundos de sustentagcdo do alongamento ja podem promover efeitos deletérios na
producdo de forca e desempenho da poténcia na natacdo (COSTA E SILVA et al,,
2014b).

Behm et al. publicaram um estudo em 2001, no qual submeteram individuos
fisicamente ativos (n = 18) de forma aleatoria e contrabalangada a uma situagéo
experimental e outro de controle. Anteriormente e imediatamente apos AE dos
quadriceps e isquiotibiais (sessdo durava em torno de 20 minutos), foi aferida a
capacidade de CVM (cinco séries de 45 segundos). Apos analisar os resultados, o
estudo demonstrou redugdes significantes que chegaram de 12% até 20,2% na CVM
em ambas musculaturas testadas e analisadas. Portanto, os autores sugerem que a
perda da forga muscular estatica ocorreu em virtude de uma queda de ativagao
muscular do ponto de vista neurofisioldgico; ou seja, uma menor quantidade de
unidades motoras parece ser recrutada imediatamente apos a aplicagéo de AE.

Ja Yamaguchi et al. (2006) verificaram o efeito agudo do AE no desempenho
da CVM (valores medidos durante maxima contragao isométrica), durante imposi¢céao

de resisténcia externa constante em trés diferentes intensidades progressivas (5, 30

e 60% da CVM). Homens (n = 12) com experiéncia em treinamento de forga
participaram como voluntarios do estudo, todavia eles ndo praticavam regularmente
o treinamento de forga. Os participantes foram alocados em duas condi¢cbes, uma

experimental e outra controle (seis exercicios de AE para extensores do joelho, ou
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estado de repouso com 20 minutos sentado). O protocolo de AE utilizado se
caracterizou pela realizagdo de quatro séries com 30 segundos de sustentacédo na
posicdo de amplitude maxima de alongamento e 20 segundos foi o periodo de
recuperacao entre séries. Os autores concluiram que a for¢a muscular foi reduzida,
independente da intensidade trabalhada. Neste sentido, Leone et al. (2014)
verificaram o efeito agudo do AE de relativamente baixo volume (apenas 2 séries de
30 segundos) em 30 individuos sobre a producdo de forga maxima dos membros
superiores. Os autores inferiram que o protocolo de alongamento adotado no estudo
tambeém foi capaz de reduzir o pico maximo de producgao de forca.

No trabalho de Herda et al. (2008), durante realizagdo de contracdes
musculares isométricas, os autores verificaram o efeito do AE e alongamento
dindmico sobre o desempenho dos musculos do quadriceps. Neste caso, os
resultados foram gerados através da medida do pico de torque, sinal
eletromiografico e respostas mecanomiograficas de 14 homens aparentemente
saudaveis. As amplitudes articulares do joelho correspondentes aos angulos de 41,
61, 81 e 101 graus foram utilizadas. A sessdo de alongamento foi composta por
quatro séries de 30 segundos para cada método adotado. Foram observadas pelos
autores apds o uso de AE, redugbes significantes no pico de torque e sinal
eletromiografico. Adicionalmente, as analises mecanomiograficas sugeriram que as
perdas de desempenho da forga sejam explicadas por justificativas mecanicas.

Ogura et al. (2007) investigaram a relagdo da duragdo do AE com a CVM da
musculatura flexora da articulagdo do joelho. Dez jogadores de futebol destreinados
no trabalho de forga foram submetidos a duas diferentes situagcdes de AE para a
perna dominante (30 segundos e 60 segundos de manutengdo na posicdo de
alongamento). Observou-se redugao significante da CVM quando os sujeitos
realizaram alongamento com 60 segundos de sustentagcdo na posi¢ao. Entretanto,
para a situagdo na qual os individuos executaram 30 segundos de manutencéo na
posicao nenhuma diferenga significante pdde ser observada. Os autores concluiram
que 60 segundos de AE pode reduzir significantemente a CVM, mas, apenas uma
série simples com 30 segundos de manutengdo na posicdo de alongamento n&o
parece gerar efeitos negativos a capacidade muscular isométrica contratil, sugerindo
que o volume de sustentacdo do AE seja determinante nas respostas

neuromusculares agudas.
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Alguns estudos, entretanto, n&o verificaram as mesmas respostas no
desempenho da forca apds a realizagdo dos exercicios de AE. Behm et al., por
exemplo, em 2004 observaram resultados opostos aos supracitados neste topico no
que se refere aos efeitos agudos sobre o desempenho da forga, equilibrio e do
tempo de reacédo. Na pesquisa de Behm et al. (2004) participaram como voluntarios
16 homens jovens. Os autores utilizaram na sessdo de alongamento, trés séries de
45 segundos com sustentagao estatica para os musculos do quadriceps, isquiotibiais
e gastrocnémios. Nao foram demonstradas diferencgas significantes no desempenho
da produgao de forga pés-AE (apesar de uma redugdo média de 6,9% ser observada
no desempenho da forga). Outro ponto a se destacar foi que a realizacdo de
exercicios de alongamento diminuiu os valores obtidos nos testes de equilibrio em
9,2%. Vale ressaltar que perdas de forca e equilibrio, mesmo que ndo se
manifestem significantes do ponto de vista estatistico, podem ser determinantes na
execugao de exercicios e atividades especificas.

Em outro estudo com dados conflitantes, Behm et al. (2006) também nao
observaram diminuigdes significantes no desempenho da forga e poténcia muscular
apods aplicacdo do AE. A pesquisa foi conduzida em dois experimentos separados.
No primeiro experimento, os sujeitos realizaram a medida da CVM para os
extensores e flexores do joelho e realizaram saltos verticais antes e apods trés séries
de 30 segundos de AE. Ja no segundo experimento, os sujeitos realizaram quatro
semanas de treinamento de exercicios de alongamento para o quadriceps,
isquiotibiais e flexores plantares (também com trés séries de 30 segundos de
manutengdo na posicdo de alongamento). Na tentativa de estabelecer uma
associagao entre o desempenho da CVM e a poténcia do salto entre os dois
experimentos, os autores ndo conseguiram observar alteragdes significantes nos
niveis de forgca e poténcia através de ambas as variaveis estudadas. Dessa forma,
neste caso os autores nao observaram efeito crénico positivo, nem efeito agudo
negativo para performance.

Ja McHugh et al. (2013) submeteram 11 sujeitos aparentemente saudaveis
(10 homens e uma mulher) a 1 minuto de alongamento (realizado em posi¢c&o neutra
ou sob aplicagdo de tensdo neural) para musculatura isquiotibial. Em seguida, foi
analisada a tensao passiva dos musculos e o desempenho da contragao isométrica

muscular maxima. Os autores observaram que o AE realizado com uso de tensao
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neural durante a aplicagdo diminuiu a tensdo muscular passiva de maneira
significante quando comparado ao alongamento em posi¢do neutra. Entretanto, os
autores nao observaram redugdes significantes na contragdo isométrica dos
musculos isquiotibiais em nenhum dos angulos analisados. Por isso, apesar de os
autores observarem alteragdes estruturais em funcdo do AE, neste caso estas nao
foram suficientes para prejudicar a performance da produgéo de forga.

Dessa forma, pode-se perceber que importantes estudos encontrados na
literatura pertinente ao tema em voga, apontam para redugdo da performance
muscular quando a mesma é precedida por AE. Em contrapartida, alguns bons
trabalhos ndo demonstraram os mesmos resultados em suas conclusées. Conforme
descrito, os diferentes universos amostrais, as variagdes metodologicas para o
controle, volume, intensidade e ordem dos exercicios, dificultam e confundem as
discussbes entre os experimentos e por diversas vezes impossibilitam a
extrapolagdo dos seus achados no ambito da intervengao clinica. Novos estudos
com maior rigor e controle devem ser realizados para que tais questionamentos
sejam sanados e respondidos de maneira precisa.

Também ¢é importante ressaltar que os efeitos crénicos do AE podem ser
opostos aos agudos. Nelson et al. (2012) demonstraram que, embora os efeitos
agudos do alongamento sejam prejudiciais a producéo de forga, os efeitos crdnicos
(programa de 10 semanas de alongamento) aumentam os niveis deste componente
da aptidao fisica, corroborando os achados de Kokkonen et al. (2007) em estudo
envolvendo 16 homens e 22 mulheres. Embora, existem muitas duvidas e lacunas
na literatura pertinente, os efeitos crénicos opostos aos agudos também podem

ocorrer em relagdo ao comportamento cardiovascular e autondmico.

2.3 Variabilidade da Frequéncia Cardiaca (VFC)

O intervalo temporal entre os batimentos cardiacos ndo sido uniformes e
constantes, neste sentido, a FC costuma variar. Esta variagdo é entendida como
VFC (ACHARIA et al., 2006). Ou seja, a VFC descreve a oscilagdao da FC entre
batimentos cardiacos consecutivos (intervalos R-R). As analises da VFC podem ser

realizadas no dominio do tempo e da frequéncia.
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No dominio do tempo, a analise demonstra como um sinal pode se alterar ao
longo de um periodo de tempo em relacdo a quantidade total da variabilidade da
frequéncia do coragao e, se refere a diferentes métricas que levam em consideragao
algumas analises estatisticas dos intervalos R-R (VANDERLEI et al., 2009). Por
exemplo, o indice rMSSD significa a raiz quadrada da média do quadrado das
diferencas entre intervalos R-R normais adjacentes, em um intervalo de tempo,
expresso em milissegundos.

Ja no dominio da frequéncia, as analise da VFC correspondem a variabilidade
da frequéncia do coracdo em espectro de frequéncia que é criado através de
modelos matematicos, como o exemplo da transformada rapida de Fourier. O
dominio da frequéncia mostra o quanto um sinal esta dentro de diferentes faixas de
frequéncia. Uma maior ou menor participagdo do sinal dentro destas faixas estédo
associadas com os mecanismos fisiologicos de controle do organismo de maneira
geral. Sendo assim, o indice HF corresponde ao componente de alta frequéncia que
indica a participagado do nervo vago sobre o coragdo. O indice LF corresponde ao
componente de baixa frequéncia que decorre da atuagéo conjunta vagal e simpatica,
marcada por predominancia simpatica. E, o indice LF/HF representa as alteragdes
relativas e absolutas entre os componentes parassimpatico e simpatico,
representando o balango simpato-vagal.

A VFC tem sido largamente usada na ciéncia do esporte para avaliar de
maneira simples e nao-invasiva a modulacdo autonémica da frequéncia cardiaca no
repouso e no exercicio, visto que o SNA se comunica com a musculatura cardiaca
através de nervos aferentes e eferentes, na forma de terminagbes simpaticas
espalhadas pelo miocardio e parassimpaticas para o nodulo sinusal, 0 miocardio
atrial e o ndédulo atrioventricular (VANDERLEI et al., 2009). Sendo assim, alguns
indices sdo utilizados para quantificar a maior participacdo do ramo parassimpatico
(rMSSD e HF), simpatico (LF) e o balango entre as modulagbes (LF/HF). Estes
citados e outros indices existentes da VFC permitem uma avaliagdo do controle
neural do coragdo (NUMAN et al., 2009).

Finalmente, sabe-se que uma elevada modulacdo simpatica esta relacionada
com um maior risco cardiaco e, durante o exercicio, uma maior participagao
simpatica e menor parassimpatica esta relacionada a maior sobrecarga cardiaca,

assim como possui relagdo com diversas patologias (ACHARIA et al., 2006).
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Entretanto, apesar da VFC ter sido utilizada por diversos estudos envolvendo
exercicios fisicos (TULPPO et al., 2003; KINGSLEY et al., 2005; BRUNETTO et al.,
2007; SEILER et al., 2007; BOSQUET et al., 2007), at¢ o momento, pouco se
estudou em relagdo aos exercicios de AE e seus efeitos na VFC (COSTA E SILVA
et al., 2016). De acordo com Wong e Figueroa (2019), os efeitos destes exercicios
sobre a VFC ainda permanecem obscuros e envolvem complexos mecanismos de

ativacao.

2.4 Efeitos cardiovasculares e autonémicos do Alongamento Muscular Estatico

A literatura se apresenta escassa no que tange aos efeitos do AE sobre as
variaveis cardiovasculares e comportamento do sistema nervoso auténomo (SNA),
fato este que dificulta a compreenséao e a discussao das respostas cardiovasculares
e autondmicas geradas pelos exercicios de alongamento muscular. Mesmo assim,
alguns estudos buscaram analisar e esclarecer estas relagbes (GLADWEEL,;
COOTE, 2002; MCCULLY, 2010; FARINATTI et al., 2011a; FARINATTI et al., 2011b,
COSTA E SILVA et al., 2013; VENTURELLI et al., 2019).

McCully (2010) analisou a saturacdo de oxigénio, através de Spectroscopio
Infra em 14 sujeitos assintomaticos e moderadamente ativos. Apds dez minutos de
AE para musculos gastrocnémios, quadriceps e isquiosurais com estiramento
muscular até o ponto de dor medido por escala proposta pelo proprio autor (os
voluntarios apontaram para 5 em escala de dor que variava de 0-10), os resultados
demonstraram que o alongamento muscular pelo método estatico foi capaz de
reduzir significantemente os niveis de saturacdo de oxigénio muscular na
musculatura do quadriceps e nos isquiosurais. Assim, conforme o estudo de McCully
(2010), o uso do AE pode comprometer o desempenho dos membros inferiores,
sobretudo por interferir no aporte de oxigénio muscular. Costa e Silva et al. (2013)
também encontraram reducgéo, de forma aguda, do aporte de oxigénio periférico
apos AE em mulheres atletas de atividades aquaticas. Posteriormente, Costa e Silva
et al. (2016), também utilizando mulheres atletas de atividades aquaticas como
voluntarias, observaram que o alongamento além de reduzir a SpO, também pode

elevar significativamente o duplo produto (DP).
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Apesar do significativo achado de McCully (2010), muito pouco se sabe
acerca das respostas cardiovasculares pods-alongamento e seus respectivos
mecanismos. Farinatti et al. (2011a) verificaram o comportamento da FC e da VFC
antes, durante e apds exercicios de alongamento muscular em sujeitos com baixos
niveis de flexibilidade. Dez homens jovens foram submetidos a uma sessao,
envolvendo trés exercicios de alongamentos para os musculos do tronco e
isquiosurais (3 séries de 30 segundos de sustentacdo até a maxima amplitude
articular) e tiveram suas respectivas FC e VFC mensuradas. Apés 30 minutos do
término da sessdo, os valores continuaram a ser tomados. Apds analise em
diferentes dominios (tempo e frequéncia), os resultados demonstraram que a
atividade simpatica, eleva-se durante o exercicio de alongamento estatico e possui
lenta redugao ao término do mesmo, apesar de um rapido retorno vagal.

Em relagdo as variaveis pressoricas, Farinatti et al. (2011b), apds
submeterem homens nado atletas aparentemente saudaveis a duas situagdes
experimentais (4 séries de AE com 30 s vs. 4 séries de AE com 30 s duragdo com
Manobra de Valsalva), verificaram que ambas situagdes experimentais aumentaram
significantemente a presséo arterial sistolica (PAS) e duplo produto. Os autores
postulam que tais respostas podem ter sido influenciadas por um mecanismo
contratil gerado pelos fusos musculares (DREW et al., 2008). A tensdao muscular
gerada pelo alongamento estimula mecanoceptores musculares e tendineos
(HAYES et al., 2005). Dessa forma, os autores concluiram que multiplas séries de
AE com ou sem associagcdo de Manobra de Valsalva sdo capazes de aumentar as
respostas cardiovasculares agudas.

Gladwell e Coote (2002), para analisar os efeitos do AE realizado de forma
isométrica em relagdo a VFC e outras variaveis cardiovasculares (PAS e pressao
arterial diastélica-PAD), submeteram homens jovens (n=7) a 60 segundos de AE
para os musculos gastrocnémios e observaram através das respostas autonémicas
que o AE aumentou a sobrecarga cardiovascular. O AE elevou a FC por inibigdo do
tbnus parassimpatico, embora ndo tenha alterado estatisticamente a pressao
arterial. Segundo os autores, tais efeitos sugeriram que a resposta observada tenha
sido decorrente da ativagcdo de mecanoceptores de pequenas fibras musculares. De
acordo com Mizuno et al. (2016), um mecanismo denominado Pressor reflex,

estipula que exercicios como AE possam causar mudangas no comportamento do
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sistema nervoso autondmico, especialmente pelo aumento da modulagdo simpatica
via sinalizagdo do nucleo do trato solitario (NTS), que recebe aferéncias de
receptores musculares, especialmente, das FIBRAS TIPO Ill, podendo causar
aumento das respostas cardiacas.

Contudo, Hotta et al. (2013) realizaram um estudo com objetivo de esclarecer
os efeitos agudos de uma unica sessdo de exercicios de alongamento na fungéo
endotelial vascular e circulagdo periférica em pacientes com infarto agudo do
miocardio. Os autores avaliaram 32 pacientes (idade média de 6619 anos) que
receberam reabilitagdo cardiaca de fase | apds infarto agudo do miocardio. Os
participantes se submeteram passivamente a 5 exercicios sentados no chdo com 30
segundos de duracdo, com 30 segundos de intervalo (repetido duas vezes). Além da
analise da VFC, foi avaliado a fungdo endotelial vascular e a pressdo de oxigénio
transcutédnea. Nao houve diferenga significante no balango simpato-vagal medida
antes e apos os exercicios de alongamento. Em contrapartida, os autores
verificaram melhora da circulacdo periférica e funcdo endotelial acompanhada de um
aumento da modulagao vagal.

Dessa forma, contrariamente aos estudos na literatura com sujeitos
assintomaticos, os achados de Hotta et al. (2013) demonstraram que neste caso, os
exercicios de alongamento melhoraram a fungédo endotelial vascular e a circulagéo
em pacientes que sofreram infarto agudo do miocardio. Neste sentido, o estudo
apresentou algumas limitagdes importantes que podem ter influenciado nos
resultados, a saber: os valores n&o foram medidos durante a sessdo e nao
continuaram a ser anotados apos o término da sessado. Sabe-se que a oscilagdo das
variaveis mensuradas neste estudo € bem grande e dessa forma ndo se pode
afirmar que tais exercicios sao totalmente seguros com base no experimento.

Venturelli et al. (2019) buscaram analisar a relagdao simpato-vagal e a
circulagdo sanguinea em 8 homens jovens e saudaveis submetidos a repetidas
séries unilaterais de AE (5 x 45 segundos de flexdo de joelho e 15 segundos de
extensdo de joelho). Os autores avaliaram a FC, débito cardiaco (DC), presséao
arterial meédia (PAM), VFC, variabilidade da PA e fluxo sanguineo em repouso (20
minutos) e durante as repetidas séries de AE. Em analise computadorizada da VFC,
demonstrou-se que o AE elevou a modulagdo simpatica (=20%) e diminuiu a

atividade parassimpatica (=30%) com uma prevaléncia de abstinéncia
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parassimpatica. A partir de dispositivo de fotopletismografia, ultrassonografia, os
autores perceberam que durante as séries a FC, o DC e a PAM elevaram
significantemente e, também notaram que durante o alongamento o fluxo sanguineo
foi significantemente ocluido. Os resultados indicam que a aumento das respostas
hemodindmicas do coragdo em funcdo dos AEs sdo principalmente influenciadas
pela supressao parassimpatica. Sendo assim, os exercicios de AE nao parecem
promover protecao cardiovascular, mas geram uma sobrecarga cardiaca, elevando a
FC, PA e suprimindo o fluxo sanguineo local e o drive vagal do coragao.

Considerando que o AE é capaz de realizar oclusdo do fluxo sanguineo
(MCCULLY, 2010, COSTA E SILVA et al., 2013), Silveira et al. (2016) ao submeter
26 mulheres normotensas a uma sessdo/aula de AE envolvendo séries de 20
segundos de sustentagcdo por um periodo de aproximadamente 45 minutos,
perceberam que o AE pode aumentar o pulso pressoérico de maneira aguda. O pulso
pressorico reflete indiretamente a rigidez arterial, importante variavel para o
prognoéstico de doengas coronarianas, alteragdes deletérias na perfusdo e eventos
cardiovasculares adversos. Entretanto, Yamato et al. (2016) ndo confirmou estes
resultados a partir do método de velocidade da onda de pulso através de um
equipamento de testes vasculares aplicados a 26 homens jovens em estudo cuja
rotina de AE durou cerca de 40 minutos diarios (por 13 semanas), sugerindo assim
que os efeitos cénicos do AE possam ser distintos aos agudos.

Por exemplo, Mueck-Weymann et al. (2004) submeteram 15 homens atletas
de levantamento de peso com flexibilidade limitada a 15 minutos de alongamento
muscular por um periodo de 28 dias, no qual os atletas mantiveram sua rotina
normal de treinamento. Os autores perceberam que a FC reduziu e a modulacao
vagal aumentou, juntamente com a redugdo do balango simpato-vagal ao final dos
28 dias. Contudo, apesar de demonstrar efeito crénico positivo do AE, o estudo
apresenta grande viés, justamente pelo fato de ndo mensurar da carga de
treinamento, contaminando os resultados, assim como a auséncia de um grupo
controle para comparagao. Apesar das limitagbes do estudo de Mueck-Weymann et
al. (2004), Wong et al. (2017) demonstraram efeito crénico positivo de 8 semanas de
treinamento com alongamentos em um grupo de 12 mulheres pés-menopausa (55-

60 anos) obesas. Além de melhorar a flexibilidade, os exercicios de alongamento
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muscular reduziram a modulagdo simpatica e aumentaram a vagal neste grupo de
individuos que em tese possuem alto risco cardiovascular.

Portanto, apesar do reduzido numero de estudos acerca dos efeitos do AE
sobre respostas cardiovasculares e autondmicas e o possivel conflito entre as
respostas agudas e crénicas, os resultados chamam atengao e o apelo pelo assunto
cresce ainda mais, conforme ressaltado na recente revisdo de Wong e Figueroa
(2019).

2.5 Alongamento Muscular Estatico combinado ao Treinamento de Forga

E muito comum nas sessbes de treinamento com intuito de ganhos de
condicionamento fisico que os exercicios de alongamento muscular sejam prescritos
em combinagdo ao treinamento de forca em diferentes ordens, sendo incluidos
antes ou depois do trabalho resistido. Contudo, pouco se sabe a respeito dos reais
efeitos deste tipo de prescrigdo ao organismo. Muitos profissionais da area orientam
tal combinagdo, pois creem que o alongamento nao envolve impacto, ndao gera
sobrecarga cardiaca, contudo o topico anterior citou estudos (GLADWELL; COOTE,
2002; FARINATTI et al., 2011a; FARINATTI et al., 2011b; MCULLY, 2010; COSTA E
SILVA et al., 2013) que apontam significantes altera¢gdes cardiovasculares em
funcao do AE.

O grupo de Novaes vem desenvolvendo pesquisas acerca do tema, como por
exemplo, Araujo et al. (2018a) realizaram estudo, no qual objetivou-se verificar os
efeitos agudos de diferentes ordens de combinagdo dos exercicios de AE e
exercicios resistido sobre as respostas cardiovasculares de FC, DP e SpO, de
homens recreacionalmente treinados. Os autores submeteram 20 voluntarios a 4
protocolos experimentais, a saber: exercicios resistidos, alongamento, alongamento
seguido por exercicios resistidos e alongamento precedido por exercicios resistidos.
Os resultados demonstraram que o protocolo que combinou AE seguido por
exercicio resistido foi capaz de gerar respostas de FC e DP significantemente
maiores, demonstrando assim que este tipo de combinagdo aumenta a sobrecarga
do coragdo e deve ser evitada quando o objetivo € de preservagdo do sistema
cardiovascular. Entretanto, em relagdo a ordem de combinagdo com alongamento ao

final da sessdo de exercicio resistido, os autores ndao observaram sobrecarga
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cardiaca, sugerindo que caso tais exercicios sejam realizados combinados, sendo
que a melhor ordem seria aquela precedida por exercicios de forga.

Entretanto, além de raros, os resultados sao extremamente conflitantes na
literatura. Araujo et al. (2018b) utilizou a mesma amostra e intervenc&o descrita no
paragrafo anterior para publicar 2 artigos diferentes com objetivos semelhantes e
conclusdes opostas, apenas mudando as variaveis. No primeiro estudo, os autores
usaram os dados de FC, DP e SpO,, enquanto que no segundo estudo, os autores
utilizaram os dados de pressao arterial e VFC da mesma coleta. Os achados indicam
conclusdes conflitantes com mesmo design metodoldgico e amostra. Analisando
apenas os dados pressoricos e de VFC, sugeriram que a combinagdo de
alongamento com treinamento de forca é capaz de preservar o sistema
cardiovascular, reduzindo a sobrecarga cardiaca.

Portanto, novos estudos s&o necessarios para uma interpretacéo fidedigna
dos efeitos da combinagdo entre treinamento resistido e alongamento muscular,

possibilitando assim uma prescrigdo segura e ancorada em dados cientificos.

2.6 Ordem de Exercicios e Alongamento Muscular Estatico

A ordem de exercicios € uma variavel imprescindivel para o controle e
prescricdo do treinamento. O ACSM (2009) aponta que tal variavel seria uma das
mais importantes em seu posicionamento. Muitos estudos (CONCEICAO et al.,
2014; CHAVES et al., 2013; FIGUEIREDO et al., 2011; MIRANDA et al., 2010;
SPINETI et al., 2010; BELLEZZA et al., 2009; FARINATTI et al., 2009, GENTIL et al.,
2007; SIMAO et al., 2007; SPREUWENBERG et al., 2006; SIMAO et al., 2005;
SFORZO E TOUEY, 1996) ja se preocuparam em investigar o efeito da ordem de
exercicios no desempenho e respostas fisiolégicas. Contudo, o efeito da ordem de
exercicios de alongamento muscular ainda nao foi alvo de nenhuma pesquisa até o
momento, marcando assim uma lacuna na literatura cientifica.

No universo pratico dos exercicios fisicos, o tamanho da massa muscular
envolvida muitas vezes € determinante para a escolha da disposi¢dao dos exercicios
numa série de execugdo, ou seja, para a escolha da respectiva ordem dos
exercicios. Em 2011, Farinati et al. submeteram 22 homens assintomaticos a

exercicios de AE para duas musculaturas, uma grande e outra menor (isquiotibiais e
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gastrocnénios). Apos verificar que o AE pode ser capaz de aumentar a FC e presséo
arterial, os autores observaram que o tamanho da musculatura envolvida pode ser
determinante para obtengcdo destas respostas, sendo mais estressante ao
organismo os exercicios de AE para maiores grupamentos musculares.

Sendo assim, a escassez de estudos acerca da ordem de exercicios de
alongamento apontam para uma urgente necessidade de realizagdo de estudos
envolvendo tal variadvel, para assim subsidiar as prescri¢gdes clinicas, haja vista que
o AE estatico € comumente usado neste meio como intervengao profilatica e

terapéutica.
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Abstract

Objectives

To compare the effects of combinations of resistance training (RT) and static
stretching (SS) on heart rate (HR), systolic pressure (SBP), diastolic pressure (DBP),
rate pressure product (RPP), oxygen saturation (SpO;), rating of perceived effort
(RPE), and heart rate variability (HRV) in men.

Methods

Twelve normotensive healthy men participated in four protocols: a) SS+RT, b)
RT+SS, c) RT, and d) SS. Variables were measured before, immediately after, and
15, 30, and 45 min after the sessions.

Results

The combination of SS and RT increased (p < 0.001) HR when compared to the
effects of the noncombined protocols (from 2.38 to 11.02%), and this result indicated
metabolic compensation. Regarding DBP, there were differences (p < 0.001)
between the RT and SS groups (53.93+8.59 vs. 67.00£7.01 mmHg). SS has been
shown to be able to reduce (p < 0.001) SpO, (4.67%) due to the occlusion caused by
a reduction in the caliber of the blood vessels during SS compared to during rest.
The increase in RPP (6.88% between RT and SS+RT) along with the HR results
indicated higher metabolic stress than that reflected by the RPE (combined protocols
increased RPE from 21.63 to 43.25%). The HRV analysis confirmed these results,
showing increases (p < 0.01) in the Low Frequency index (LF) between the combined
and noncombined protocols. Compared to the effect of RT, the combination of SS
and RT promoted a vagal suppression root mean square of the successive
differences (RMSSD) index (from 9.51 to 21.52%) between the RT and SS+RT
groups (p < 0.01) and between the RT and RT+SS groups (p < 0.001).

Conclusion

Static stretching increases cardiac overload and RPE, reducing oxygen supply,

especially when performed in combination with RT.
Keywords

Static stretching; resistance training; autonomic nervous system; heart; blood

occlusion.
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Introduction

Exercises and activities involving muscle stretching have historically been
performed before and after physical activities, with the objective of achieving gains in
exercise performance and reducing injury risk (1,2). Nevertheless, according to the
main studies in the reviewed literature (1,2,3,4), there seems to be no scientific
support for this assumption because stretching exercises do not seem to reduce the
risk of injury or improve performance. Pope et al. (3) noted that there is no scientific
evidence for conclusive statements demonstrating acute or chronic prophylactic
effects of stretching. Furthermore, Costa et al. (4) suggested that stretching may
increase the risk of injury because it can reduce force and generate muscular
imbalances. Stretching may provide neural and/or structural modifications, reflecting
changes in neuromuscular performance, as well as in the behavior of physiological
variables (5,6).

Lima et al. (5) examined the cardiovascular effects of stretching using the
static stretching (SS) method, and they reported that SS increased heart overload by
raising the heart rate (HR) (by approximately 20 bpm™) and rate pressure product
(RPP) (by approximately 5000 mmHg.bpm™). In addition, previous studies (6-8) have
found that pre-exercise SS diminishes the performance of force and may lower the
oxygen supply to the stretched muscle (9,10). Silveira et al. (11) reported that SS
increases blood pressure and pulse pressure, which indirectly reflects an increase in

arterial stiffness in healthy young men.

Farinatti et al. (12) examined whether the cardiovascular changes caused by
SS were capable of modulating the autonomic nervous system (ANS) and reported
that stretching exercises in men with low flexibility increased sympathetic drive during
exercise, whereas the vagal modulation was enhanced in the postexercise period.
However, there are remaining doubts regarding the responses in participants with
adequate levels of flexibility, as well as the effects of SS in combination with other
types of exercise. Thus, studies proposing to understand the autonomic regulation of
the cardiovascular system as a function of stretching exercises are of great

importance for the science of exercise prescription since such exercises are
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extremely widespread in sports and the clinical environment with various objectives
(13).

Resistance training (RT) has been largely recommended as a
nonpharmacological intervention from a prophylactic perspective and to treat
cardiovascular dysfunctions and disorders (14). In contrast, SS increases
sympathetic activity during exercise (12), and RT can also induce a higher
modulation of sympathetic drive in the heart (14). Despite the wide diffusion of SS
exercises in combination with other activities, such as RT or sports practices, little is
known regarding the risks and consequences of this type of prescription, and there
are gaps in the scientific literature regarding cardiovascular and autonomic
responses resulting from the combination of RT and stretching exercises. In addition,
the order of this combination (stretching before or after) is still subject to many

uncertainties.

Therefore, the present study aimed to compare the acute effects of different
combinations of RT and SS on HR, systolic blood pressure (SBP), diastolic blood
pressure (DBP), rate pressure product (RPP), oxygen saturation (SpO,), rating of
perceived exertion (RPE), and autonomic responses in normotensive men.
Therefore, we hypothesized that the combination of SS and RT can evoke a
synergistic effect on autonomic modulation, enhancing the increase in sympathetic
activity during exercise, which could be a risk for hypertensive subjects or individuals

with other cardiovascular dysfunctions.

Materials and methods

Participants

Twelve (n = 12) untrained normotensive healthy men (age: 22.3 + 2.5 years;
mass: 76.5 + 2.7 kg; height: 173.6 + 9.2 cm; BMI: 25.6 £ 3.1; flexibility assessed by
the bank of Wells: 26.7 £ 8.8 cm; HR.st: 68.4 £+ 7.4 bmp'1) participated voluntarily in
the experiment. The sample size was estimated using G * Power 3.1 software (15).
Based on the software analysis, a sample size of 12 participants was calculated. The

sample size was calculated based on Beck procedures (16). The exclusion criteria
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were history of injury or limited strength or flexibility, hyper or hypomobility, smoking,
sedentary lifestyle, and the use of nutritional or pharmacological ergogenic aids.

25 registered
individuals

Three excluded by One excluded for being
injury history a smoker

21 started the study

Nine volunteers did not
complete the protocols

12 volunteers
completed the study

Figure 1. Volunteer Selection Flowchart.

Ethical details
All participants read and signed a consent form, and this study was approved

by the local ethics committee (protocol number: 2.433.91).

Procedures

The present study was performed in a total of 6 visits on nonconsecutive days
(48 h intervals) that always occurred at the same time. On the first visit, the
individuals signed the informed consent form and underwent an anthropometric
evaluation and a 10RM test for the bench press and leg extension. On the second
visit, T0RM retests were performed (both exercises presented excellent reliability
between the values of the test and retest, with intraclass correlation coefficient (ICC)
values between 0.90 and 0.99).

From the third to the fifth visit, the participants were randomly divided with
alternating and counterbalanced entry into the four experimental situations: A) 3 sets
of 10 repetitions of the bench press and leg extension (80% 10RM); B) 3 sets of 10
repetitions of bench press and leg extension (80% 10RM), with 2-min intervals
between sets and exercises, preceded by 2 sets of 30 seconds of SS of the pectoral
and quadriceps musculature with 40-second intervals between sets (SS + RT); C) 3
sets of 10 repetitions of bench press and leg extension (80% 10RM), with 2-min
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intervals between sets and exercises, followed by 2 sets of 30 seconds of SS of
pectoral and quadriceps musculature with 40-second intervals between sets (RT +
SS); and D) 2 sets of 30 seconds of SS of the pectoral and quadriceps musculature
with a 40-second interval between sets (SS). All study visits took place in the
laboratory, where the relative air humidity (55-60%) and ambient temperature (20-25°
C) were controlled. The individuals were instructed not to consume any alcoholic
beverages or caffeine before performing the protocols and to maintain their eating
habits throughout the period of the research.

The SBP, DBP, RPP, SpO,, and RPE variables were measured at rest and
immediately after, 15 min after, 30 min after, and 45 min after the end of the session.
HR and HRV (root mean square of the successive differences (RMSSD), low
frequency (LF), high frequency (HF), and LF / HF) were measured 1 min after the

end of the session.

Anthropometric evaluation +
10BM test

48h

10BIM re-test

48h

BT BT + 88 S5 +RT S5

Figure 2. Experimental design. RT = Resistance Training; SS = Static Stretching; RM = Maximal
Repetitions.

10RM test

To minimize the margin of error in the 10RM test, familiarization and
standardized instructions were adopted before the test, such that all the evaluated
participants were aware of the entire routine involved in the data collection (17). The
evaluator was instructed on techniques for performing the bench press and leg
extension exercises, being aware of the position adopted by the practitioner during

the tests since small variations in the positioning of the joints involved in the
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movement can trigger other muscles, leading to erroneous interpretations of the
obtained scores (an elastic band was used to limit the amplitude of movements).
Additionally, 48 h after the first day, a retest was performed to examine the maximum
load reliability (10RM).

Stretching protocol

The stretching protocol consisted of two 30-second sets of SS of the pectoral
and quadriceps musculature (18), with a 40-second interval between sets. The
stretching of the pectorals was performed passively with horizontal shoulder flexion
at 90° according to Costa e Silva et al. (9). The same procedure was followed for the
stretching of the quadriceps muscles; the participants remained in a pronated
position with stabilized hips (6). The knee flexion and hip extension were performed
to the maximal point of discomfort. These exercises were performed bilaterally,
according to figure 3. Participants reported values above 8 on a scale (0-10)
proposed by McCully (10) to indicate the maximal stretching supported (10).

Figure 3. Pectorals and quadriceps stretching exercises.

Resistance training protocol
The resistance protocol consisted of the execution of 3 sets of 10 repetitions of
the bench press exercise (upper limb exercise) with free weights at 80% 10RM and 3

sets of 10 repetitions of the leg extension exercise (lower limb exercise) also at an
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intensity of 80% 10RM, with a 2 min interval between sets and exercises. To
guarantee technical quality during the exercises, the same standard procedures of

the 10RM test were used to perform the movements (Figure 4).

Figure 4. Bench Press and Leg Extension exercises.

HRV and HR

The data for HR analysis were obtained using a heart rate monitor (Polar, RS
800 CX, USA) validated in previous important studies (19,20). The electrode was
moistened and positioned directly on the sternum (at the level of the xiphoid
process). After obtaining the data, they were transferred to a computer by Polar®
infrared interface (Polar Precision Performance 4.03 software, Polar Electro QOY,
Kempele, Finland) and stored in the computer for future analysis. The HR was
measured before (at rest), 1 min after, and at 15, 30, and 45 min after the different
experimental protocols. The data were then exported to the Kubios HRV (Kubios
HRV Analysis Version 3.0 beta, Finland) program, where they were filtered according
to the recommendations of the Task Force of Spectral Analysis (21). The spectral
analysis in the domain of frequency was performed by the Fourier algorithm
transform. The HRV indexes were analyzed according to the parameters of LF in
normalized units (LF-nu), which provides information about the activity of the
sympathetic nervous system; HF in normalized units (HF-nu), which provides

information about the activity of the parasympathetic nervous system; and the
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standard deviation (SD) of differences between adjacent normal R-R intervals
(RMSSD), which provides information regarding the predominance of the
parasympathetic or sympathetic nervous system after Fourier transformation and
noise filtering. The LF/HF ratio was determined to evaluate the sympathovagal

balance.

Blood pressure and RPP

The measurement of SBP and DBP values was performed using an
ambulatory blood pressure monitor (ABPM; Burdick 90217 Ultralite, USA) using the
oscillometric technique (22), thus enabling automatic recording of blood pressure
values. SBP and DBP were also measured before, immediately after, and at 15, 30,
and 45 min after the different experimental protocols. To obtain the RPP values, the
HR values were multiplied by the SBP values (RPP = HR x SBP).

RPE

The participants were instructed to rate their perceived effort using an RPE
scale. Borg's perceived effort rating scale is a scale that ranges from 06 to 20 (23).
The prediction of RPE is a quantitative method of analyzing the individual during
physical effort tests or exercise sessions. The scale was applied at the end of each

experimental protocol.

Oxygen saturation

To obtain oxygen saturation values, a finger pulse oximeter (Nonin Onyx 9500,
USA) was used. Finger pulse oximetry can be considered an indirect measure of
oxygen consumption (24). To obtain the data, the probe was fixed on the index finger
of the dominant hand, which was supported on a fixed surface for stabilization. SpO,
was measured before, immediately after, and at 15, 30, and 45 min after the different

experimental protocols.

Statistical analysis

A Shapiro-Wilk test was used to verify the normality of the data. The reliability
between test and retest sessions was analyzed using a two-factor random effect
model intraclass correlation coefficient (ICC) and paired t-tests. A two-way ANOVA
was performed to determine differences in HR, SBP, DBP, RPP, RPE, SpO,, and
HRV after the experimental treatments. The Bonferroni post hoc test was then
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software package GraphPad Prism 5.0. The significance level was set at p < 0.05.

Results

The respective HR, SBP, DBP, RPP, SpO, and RPE differences are presented
in Table 1.
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Table 1. Means and standard deviations of HR (bpm-1), SBP (mmHg), DBP (mmHg), RPP (bpm-1.

mmHg), SpO, (%) and RPE (scale 6-20) values as a function of the different protocols.

HR

SBP

DBP

RPP

SpOz

RPE

Rest
Postexercise
15 min-post
30 min-post

45 min-post

Rest
Postexercise
15 min-post
30 min-post

45 min-post

Rest
Postexercise
15 min-post
30 min-post

45 min-post

Rest
Postexercise
15 min-post
30 min-post

45 min-post

Rest
Postexercise
15 min-post
30 min-post

45 min-post

Postexercise

RT
70.08 + 2.71
83.08 + 2.32"8°¢
82.92 + 2.87""
78.58 + 2.998¢
78.17 + 2.72°

122.12 £ 18.16
133.75 £ 12.11
123.75 £ 16.32
122.62 + 14.72
121.37 £ 15.76

69.58 + 10.17
53.93 + 8.59°
64.08 + 8.01
65.17 + 6.38
66.67 + 8.39

8205.17 + 884.77
11218.92 + 1137.30°
9680.58 + 1266.74
10437.75 + 898.69
9376.42 + 1188.19

98.08 + 0.63
97.00 + 0.63°"!
97.58 + 0.67
97.67 + 0.90
97.45 + 0.64°"

14.50 + 2.50° X

RT + SS

71.00 £ 2.00
85.10 + 2.96
82.60 + 2.45
81.20+2.44
77.00 £ 2.45

123.51 £ 13.03
121.07 £ 13.86
113.50 £ 11.20
119.02 £ 16.72
113.50 £ 21.75

65.52 + 5.02
55.66 £ 5.10
60.30 + 9.67
62.73 £ 10.74
63.90 £ 7.17

8755.50 + 565.96
10303.30 + 794.38
9365.60 + 968.52
9676.25 + 988.96
8757.07 + 968.09

97.92 +0.30
90.33+0.82
98.25 + 1.00
98.08 £ 1.15
98.50 + 1.07

14.50 + 0.75

SS +RT

70.59 + 2.61
90.00 + 2.93
79.08 + 2.17
82.92+2.73
77.00 +2.80

115.09 £ 20.34
125.06 £ 11.46
122.50 £ 17.17
127.03 £ 17.62
119.11 £ 18.08

68.42 £ 6.77
57.58 + 6.82
66.17 £ 11.57
67.00 £ 11.46
63.83 + 8.83

8619.17 + 811.19
12047.17 +1145.58
9781.17 + 1307.23
10052.33 + 1303.62
9340.00 +1268.85

97.92 £ 0.69
96.00 + 0.54
97.08 £ 0.94
97.75 £ 0.87
98.33 + 0.64

18.50 +1.00

SS

69.12+ 3.10
80.09 + 2.55
77.30 £ 2.60
76.73 £ 2.30
73.40 + 3.01

121.63 + 13.41
130.32 £ 11.40
129.50 £ 16.70
127.84 £ 19.01
123.66 + 15.90

66.50 + 5.93
67.00 = 7.01
66.43 £ 9.45
66.67 £ 10.94
65.91 £ 8.85

8407.06 + 415.71

10437.32 + 829.07"
10010.35 + 945.38
9809.16 + 1087.05

9076.64 + 983.7

98.01 £ 0.45
93.44 +1.13
97.76 £ 0.90
98.00 + 0.57
98.09 £ 0.81

10.50 + 0.25

A Represents a significant difference in HR (p <0.001) between RT and RT + SS postexercise and a
significant difference in HR (p <0.01) between RT and RT + SS 15 min-post; B Represents a
significant difference in HR (p <0.05) between RT and SS + RT postexercise, a significant difference
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in HR (p <0.001) between RT and SS + RT 15 min-post and a significant difference in HR (p <0.05)
between RT and SS + RT 30 min-post; C Represents a significant difference in HR (p <0.001)
between RT and SS postexercise, a significant difference in HR (p <0.001) between RT and SS 30
min-post and a significant difference in HR (p <0.01) between RT and SS 45 min-post. D Represents a
significant difference in DBP (p <0.001) between RT and SS postexercise. E Represents a significant
difference in RPP (p <0.05) between RT and SS + RT postexercise. F Represents a significant
difference in RPP (p <0.05) between SS and SS + RT postexercise. G Represents a significant
difference in SpO, (p <0.001) between RT and RT + SS postexercise and a significant difference in
SpO, (p <0.01) between RT and RT + SS 45 min-post. H Represents a significant difference in SpO,
(p <0.05) between RT and SS + RT postexercise and a significant difference in SpO, (p <0.05)
between RT and SS + RT 45 min-post. | Represents a significant difference in SpO, (p <0.001)
between RT and SS postexercise. J Represents a significant difference in RPE (p <0.001) between
RT and SS + RT postexercise. K Represents a significant difference in RPE (p <0.001) between RT
and SS postexercise.

Regarding HRV, the respective differences in the RMSSD index, LF index, HF

index and LF / HF ratio are presented in the figures below (Figures 5-8).
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Figure 5. Mean and standard deviation of the values of the RMSSD index (nu) according to the
different protocols. * Represents a significant difference (p <0.01) between RT and RT + SS 15 min-
post. £ Represents a significant difference (p <0.001) between RT and SS + RT 15 min-post ¥
Represents a significant difference (p <0.01) between RT and SS 30 min-post. J Represents a
significant difference (p <0.001) between RT + SS and SS postexercise and a significant difference (p
<0.01) between RT + SS and SS 15 min-post. § Represents a significant difference (p <0.05) between
SS + RT and SS postexercise, a significant difference (p <0.001) between SS + RT and SS 15 min-
post and a significant difference (p <0.05) between SS + RT and SS 30 min-post.
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Figure 6. Mean and standard deviation of LF index values (nu) as a function of the different protocols.
* Represents a significant difference (p <0.01) between RT and RT + SS postexercise. & Represents
a significant difference (p <0.05) between RT and SS + RT postexercise. £ Represents a significant
difference (p <0.01) between RT and SS 15 min-post. ¥ Represents a significant difference (p <0.05)
between RT + SS and SS 15 min-post and a significant difference (p <0.05) between RT + SS and SS
45 min-post. I Represents a significant difference (p <0.05) between SS + RT and SS 15 min-post.



3,0.
M RT
B RT+55
604 0 SS+RT
@ SS
g ¥
2
'8
= =
20- I I I I I I I I
0' T
a@@e Qn"\ ® o$ @
Q"b

Figure 7. Mean and standard deviation of the HF index (nu) according to the different protocols.
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Figure 8. Mean and standard deviation of the LF / HF ratio values as a function of the different
protocols. * Represents a significant difference (p <0.01) between RT and SS 15 min-post.
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Discussion

Our main results indicate that this type of combination (SS and RT) may
increase heart overload, raising HR and RPE (Table 1). According to Fowles et al.
(25), SS generates less neural activation due to decreased alpha-motoneuron
sensitivity and autogenic inhibition. These phenomena caused by the stretching
associated with the viscoelastic and musculotendinous characteristics (26) provide
less stiffness, causing the subsequent exercise to be more intense, which can cause
metabolic and perceptive compensation, as observed in the present study.
Accordingly, previous studies (6,8) have shown that SS, when performed in
combination with RT, may reduce performance. In addition, SS combined with RT
was also shown to be effective in increasing RPP and, according to Table 1, to
reduce the oxygen supply due to possible blood occlusion as a function of the
properties of the biomaterial tissues of the blood vessels (27).

SS, when performed before RT (SS + RT), generated higher overload than
when performed at the end of the session (RT + SS). This result can be attributed to
the fact that SS has the lowest intensity, causing the postexercise responses to be
lower, according to the HR, RPP, RPE, and autonomic results that show higher mean
values of cardiac overload during RT than during SS. RT is well described in the
literature for its ability to generate a hypotensive effect favoring blood pressure
control (28); however, in the present study, when combined with stretching exercises,
RT did not show this effect when compared to the effects of the protocols that did not
include stretching. The hypotensive effect occurred after only the protocol involving
isolated RT compared to the effects of static stretching, as shown in Table 1.
Perhaps the reduction in vessel size after stretching did not allow the appearance of
a hypotensive effect. The smaller the vessel size, the higher the intra-arterial
pressure. Thus, based on peripheral hemodynamic responses, it seems that
prescribing SS combined with RT when the purpose is to preserve the cardiovascular
system is not an ideal recommendation.

Compared to the values of SpO,, RPE, and autonomic responses, the other
variables demonstrated smaller changes between pre- and posttest, although the
results were significant, which is especially important for some special populations in

which minor cardiovascular variations may be life threatening. These findings could
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probably have occurred as a result of the intervals between sets and exercises that
were set at 2 min for RT and 40 seconds for SS, allowing adequate recovery.
Additionally, such peripheral responses were reaffirmed by the analysis of the
autonomic nervous system, a central indicator of the nervous system (Figures 5, 6, 7
and 8). HRV analysis demonstrated that the protocols involving stretching were able
to cause vagal suppression from the RMSSD index and increase sympathetic
modulation through the LF index analysis, although the HF and LF / HF indexes did
not present significant differences in general. The sympathovagal balance showed

that RT was more intense than SS, as expected.

Gladwell and Coote (29) compared the effects of SS to the effects of isometric
RT in relation to HRV and other cardiovascular variables (SBP and DBP) in seven (n
= 7) young men submitted to 1-min SS (passive) of the plantar flexors and reported
that the autonomic responses to the stretching were similar to those observed in
response to the isometric RT. According to the authors, stretching raised the HR by
inhibiting parasympathetic tone, although it did not significantly alter blood pressure
responses. Such effects were possibly due to the activation of mechanoreceptors of
small muscle fibers. Therefore, the present findings are somewhat confirmed by data
from Gladwell and Coote (29) since the performance of SS in combination with RT
during the training session was able to significantly increase HR values for up to 30

min after the session in relation to the resting values.

According to Mizuno et al. (30) and a mechanism called pressor reflex,
exercises such as stretching can cause changes in the behavior of the autonomic
nervous system, especially by increasing the sympathetic modulation emitted by the
nucleus of the solitary tract (NTS) as a result of the muscular afferents, especially of
type Il fibers, and may cause an increase in cardiac responses. In this context, the
high sympathetic and pressure behaviors are mediated, in part, by a reflex of the
muscle, which is referred to as the pressor reflex (31). The increase in this function is
evoked by small-fiber muscle afferents associated with metaboreceptors, which are
activated slowly during ischemic muscle contraction, and by mechanoreceptors,
which respond rapidly to muscular deformation from muscle stretching (30). The
afferent sensorial information is processed by the nervous system, specifically within
the NTS, which regulates the sympathetic modulation drive (32).
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When analyzing the literature, the perceived scarcity of studies with the
purpose of analyzing the behavior of the independent variables of the present study
(different orders of combinations of SS and RT) makes it difficult to discuss the data.
McCully (10) analyzed the oxygen saturation of 14 active subjects using infrared
spectroscopy. After stretching the gastrocnemius, quadriceps and hamstrings using
the static method, the results demonstrated that stretching significantly reduced the
levels of muscle oxygen in the quadriceps and hamstrings. According to the author,
such findings were due to stretching-induced blood occlusion, a factor that causes
ischemia in some muscles. The present study demonstrated that the SS of pectoral
and quadriceps muscles, when performed in combination with RT, compromised the
muscular oxygen supply in young men and could interfere in the reperfusion of
oxygen within 45 min after the session. These findings are in agreement with the
results of Costa e Silva et al. (9), who reported an acute reduction in the contribution
of peripheral oxygen after stretching using static methods and proprioceptive

neuromuscular facilitation in female aquatic sport athletes.

The present study revealed a significant increase in RPP along with a
significant reduction in oxygen saturation after the session in which SS was
performed prior to RT. Although the RPP values were far from a dangerous level, the
large reduction in the oxygen supply from the stretching exercises deserves the
attention of professionals in the field. SS probably stretches the blood vessels,
reducing the vessel caliber. Neto et al. (33) found that by restricting blood flow during
RT, oxygen saturation responses were significantly lower while RPP was significantly
higher, which could indicate increased cardiac risk and overload, especially for
special groups. Later, Neto et al. (34) reported that restriction of blood flow may also
increase oxidative stress. Thus, the effects of the inclusion of SS in combination with
RT on oxygen supply were similar to those observed by Neto et al. (33) in a study in
which the authors reported restricted blood flow. The physiological mechanisms that
explain cardiovascular responses during and after stretching exercises have not
been fully elucidated in the literature (12), especially when these exercises are
combined with other activities such as RT. Hence, professionals responsible for the
prescription and control of physical exercise programs should critically analyze the

inclusion of stretching exercises in combination with other activities.
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Spranger et al. (35) postulated that restricting blood flow significantly
increases the risk of deleterious cardiovascular events. Considering that SS is also
able to restrict blood flow (9,10), Silveira et al. (11) recruited 26 normotensive women
to participate in a stretching session / class involving a series of 20 seconds of
stretching for a period of approximately 45 min and reported that SS can acutely
increase pulse pressure. The pulse pressure indirectly reflects arterial stiffness, an
important variable in the prognosis of coronary diseases and in the development of
deleterious changes in perfusion and adverse cardiovascular events. Thus, although
the stretch holding time was much shorter in our experiment, it seems that stretching
may generate cardiovascular effects, especially if we also consider our HR, RPP,
SpO,, and HRYV findings. It is important to note that the acute increase in these
values would not necessarily indicate an instant increase in arterial stiffness. For
example, Kruse et al. (13) suggested that low and moderate intensity stretching does
not decrease blood flow at the level of the conduit vessels. However, the authors did

not perform a stretching session, only a dorsiflexion exercise.

Araujo et al. (36) examined the effects of a combination of SS and RT in a
very similar study design and found controversial results. The authors did not verify
the flexibility levels of participants, which may have influenced the results. According
to Farinatti et al. (12), despite SS promoting a large sympathetic increase during
exercise in subjects with low flexibility, the authors observed good vagal regulation
after exercise. However, the increased sympathetic drive during exercise may
demonstrate a health risk for hypertensive and cardiopathic subjects. In addition, the
study cited (36) stating that the results were due to the fact that trained subjects were
analyzed (outside the clinical setting) since it is known that trained subjects have a
much faster recovery. In addition to not quantifying the intensity of the stretching,
another serious methodological error was to perform stretching until only slight
discomfort, unlike that performed in practice by health professionals in general.
Important variables such as RPP, SpO, and RPE were also not measured, reducing

the power of interpretation and extrapolation of the results.

As previous studies have indicated (5,37), cardiac load is increased by
stretching exercises alone. Consequently, when the participants performed SS in

combination with RT at 80% (the demand is even higher), the results that were
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obtained were expected. However, many professionals prescribe stretching
exercises combined with RT because they are unaware of their physiological effects,
believing it can relax the muscles and reduce the intensity of training. Therefore, the
present study is characterized by providing important data with good practical
applicability. In this sense, Farinatti et al. (37), after verifying the acute cardiovascular
responses to stretching in 22 asymptomatic men, suggested that an increase in
cardiac responses during stretching sessions should be avoided in individuals with a
high risk of adverse cardiovascular events, given that SS is traditionally performed
after RT, when the heart may still be overloaded.

Additional studies involving different stretching types, different intensities,
different samples, and muscle mass should be proposed for the extrapolation of the
findings. The chronic effects of stretching should also be further examined since
Nelson et al. (38) showed that although the acute effects of stretching are detrimental
to strength development, the chronic effects (10-week stretching program) may
increase the levels of this component of physical fitness and can generate different

responses as well as physiological behaviors.
Conclusions and General Recommendations

Stretching exercises increase cardiac overload and RPE, causing arterial
occlusion that is capable of reducing oxygen supply, especially when performed in
combination with RT. The HRV results suggest that the greatest cardiovascular
overload generated by SS was marked by increased sympathetic modulation of the
ANS. In addition, RT and SS performed separately are also capable of generating
changes in the cardiovascular system and the ANS, with the effects of RT being
more intense than those of SS. Thus, stretching exercise should be performed with
caution or should not be performed in combination with RT, especially in
hypertensive subjects or people with cardiovascular disease. Therefore, allied health
and strength and conditioning professionals might reconsider prescribing stretching
in combination with RT when the goal involves the maintenance of the cardiovascular
system. Perhaps these exercises do not need to be removed from exercise
programs; however, these forms of exercise should be included only when
necessary, especially for participants with high heart disease risk and/or established

cardiovascular diseases. New studies involving different methods and populations,



52

such as the measurement of biochemical indicators and the respective chronic
effects of these exercises, are recommended for the extrapolation of data (39).

Finally, the values between training sets would be of great value to aid in the
interpretation of the present results. Thus, we emphasize the importance of new
studies with similar designs, such as those performed by Farinatti et al. (37) and Lima
et al. (5), to analyze the data between training sets and exercises.
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Abstract

Purpose

To examine the acute effects of static stretching (SS) exercise order on
cardiovascular and autonomic responses in healthy individuals.

Method

Seventeen volunteers were randomly submitted to two experimental SS session:
Order “A” (larger to small muscle groups) and Order “B” (small to larger muscle
groups). The heart rate (HR), systolic (SBP) and diastolic blood pressure (DBP), rate
pressure product (PRP) oxygen saturation (SpO;), and heart rate variability (HRV)
were measured at rest, midpoint of the session, immediately after the end of the
session, and in 5, 10, and 20 minutes after the session.

Results

SS exercises significantly increased (p < 0.05) HR and PRP in both orders, while
reducing significantly (p < 0.05) the square root of the mean squared differences of
successive R-R intervals (rMSSD) and SpO.. In the order “A”, the SBP and DBP
increased (p < 0.05) at the midpoint of the session. In the order “B”, the SBP and
DBP increased (p < 0.05) only immediately after the end of the session. DBP and
PRP significantly higher (p < 0.05) in order “A” compared to order “B” in the midpoint
of the session. It was also demonstrated significant higher values (p < 0.05) of DBP
and minor mean R-R intervals in order “B” at 10 min-post session.

Conclusions

SS increased cardiac overload in both performed orders. The overload generated by
the SS of the larger muscle groups was greater when compared to the smaller

muscle groups, suggesting that the exercise order interferes in cardiac overload.

Keywords
Autonomic Nervous System; Flexibility; Cardiac Overload; Heart Rate Variability; and
Static Stretching.
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Introduction

According to American College of Sport Medicine (ACSM, 2011), flexibility is
one of the most important components of physical fithess related to health.
Accordingly, static muscle stretching (SS) is an important exercise for maintaining
and developing joint range of motion adequate to a healthy life. Without involving
osteoarticular impact, the use of this exercise serves as an important tool in clinical
prescription. Nevertheless, although widely used in the therapeutic environment,
there is conflicting evidence on the use of SS exercises. Recent studies have
demonstrated  decreases in overall muscle-tendon stiffness after stretching
(KONRAD et al., 2019; KONRAD et al., 2017; KAY et al., 2015) and a decreases in
muscle oxygen saturation (SpO,) (MCCULY, 2010), decreases in force development
(COSTA E SILVA et al., 2014; BEHM and CHAOUACHI, 2011; COSTA E SILVA et
al., 2012; FOWLES et al., 2000) and in lower recruitment of motor units (MAREK et
al., 2005; FOWLES et al., 2000).

Konrad et al. (2019) demonstrated trough ultrasonography and dynamometry
that 5 sets of 1 minute of SS reduce muscle stiffness and maximal isometric torque
until 10 minutes after exercise. Fowles et al. (2000) reported that from after 60
seconds of SS support, muscle strength reduction can be observed, and studies
(COSTA E SILVA et al.,, 2013; COSTA E SILVA et al.,, 2014) reported only 30
seconds of SS can already reduce the levels of strength and SpO,. Neural and
structural mechanisms capable of generating such an adverse effect on performance
seem to generate metabolic compensation due to a possible cardiovascular
overload, according to the studies with important clinical contribution of Farinatti et al.
(2011a) and Lima et al. (2015), where the authors found higher cardiac and pressure
responses as a function of SS.

Farinatti et al. (2011a) examined 22 asymptomatic young men and cautioned
that SS should be avoided in subjects with high risk for adverse cardiovascular
events, because they observed significant increases in systolic blood pressure (SBP)
and rate of pressure product (PRP) during the stretching sessions with and without
the use of Valsalva maneuver. In addition, Farinatti et al. (2011a) reported that
muscle size may influence the magnitude of these cardiovascular responses.
According to the authors (FARINATTI et al., 2011a), SS of the large muscle groups
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seems to generate greater cardiac overload compared to the SS of the smaller
groups. Despite the absence of studies on the topic, the results would become of
great value for the choice of exercises and manipulation of the respective orders.

Exercise order is among the main methodological variables of a training
program (SIMAO et al., 2012; ACSM, 2011). In agreement with ACSM (2009), this
variable has great appeal in exercise prescriptions and has been researched by
several investigations (CONCEICAO et al, 2014; CHAVES et al., 2013;
FIGUEIREDO et al., 2011; MIRANDA et al., 2010; SPINETI et al., 2010; BELLEZZA
et al., 2009; FARINATTI et al., 2009, GENTIL et al., 2007; SIMAO et al., 2007;
SPREUWENBERG et al., 2006; SIMAO et al., 2005; SFORZO and TOUEY, 1996).
However, no study has examined the effects of the order of the muscles stretching
exercises on the cardiovascular system. Currently, the ACSM (2011) has
recommendations about the number of sets and stretch durations, nevertheless no
information has been provided about the order of exercises.

Thus, the present study focused to investigate the acute effects of SS exercise
order (larger to small muscle groups vs. small to larger muscle groups) on
cardiovascular responses of heart rate (HR), blood pressure (BP), SpO,, and heart
rate variability (HRV) in healthy individuals.

Methods
Experimental approach to the problem

This study observed the cardiovascular and autonomic responses after two SS
exercises orders based on the size of the stretched musculature. Participants were
randomly submitted to two experimental stretching sessions with a minimum interval
of 24 hours between sessions, named: Order “A” (from larger to small muscle
groups): quadriceps, pectoralis, hamstrings, triceps, gastrocnemius, and biceps
brachii. Order “B” (from small to larger muscle groups): biceps brachii,
gastrocnemius, triceps, hamstring, pectoralis, and quadriceps. All volunteers
participated in both experimental conditions. HR, SBP, diastolic blood pressure
(DBP), SpO,, and HRV indexes were measured for 20 minutes at rest, at the
midpoint of the session , immediately after the experimental session, and at 5, 10,
and 20 minutes after the training session. The room temperature was approximately
22.06 + 0.9 °C and relative air humidity was maintained at 60 + 11.37 %.
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Subjects

Seventeen volunteers of both sexes (11 men and 6 women) were enrolled in
the study (Table 1). The inclusion criteria were: age between 18 and 30 years, no
history of injuries that limit joint range of motion, no hypo- or hypermobility,
normotensive, familiarized with stretching exercises, no smokers and were advised
for not drinking alcoholic beverages or caffeine in the 24 hours preceding the SS
exercise bouts. The sample size was calculated using the G * Power 3.1 software.
Based on an a priori analysis, we adopted a power of 0.80, a = 0.05, correlation
coefficient of 0.5, correction nonsphericity of 1 and effect size of 0.26. This analysis
of statistical power was performed to reduce the probability of type Il error and to
determine the minimum number of participants required for this investigation. We
found that the sample size was sufficient to provide more than 81% statistical power.
The research project followed the determinations according to the National Health
Council. All participants read and signed a consent form, and this study was

approved by the local ethics committee (protocol number: 2.433.91).

21 registered
individuals

One excluded by injury One excluded by age
history out of criteria

19 started the study

Two volunteers did not
complete the protocols

17 volunteers
completed the study

Figure 1. Volunteer Selection Flowchart.
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Table 1. Descriptive data of the sample.

Mass High BMI Age
(Kg) (cm) (Kg/cm?) (years)
Men (n=11)
Mean + SD 85.93+13.36 179.53+5.12 26.59+3.23 26.09+4.18
Women (n = 6)
Mean + SD 60.16 £ 15.17 16221 +7.41 22.69+4.74 25.00+4.33
All (n=17)
Mean + SD 78.84 £ 1856 173.42+10.31 25.21+4.15 25.70+4.13
Cl 95% higher 67.30 168.10 23.07 23.58
Cl 95% lower 86.39 178.70 27.35 27.83
SW p-value 0.9374 0.1204 0.5002 0.8517

BMI = Body Mass Index; SD = Standard Deviation; Cl = Confidence Interval; SW = Shapiro-Wilk.

Flexibility Test and Static Stretching Protocol

Before the beginning of the experimental procedures, volunteers underwent a
test and retest (minimum of 24 h interval) of flexibility measured by the maximum
amplitude reached passively by a goniometer (CARCI, Brazil). The following
movements were measured: knee flexion (stretching of quadriceps), horizontal
flexion of the shoulder (stretching of the pectoralis and biceps brachii), hip flexion
(stretching of the hamstrings), elbow flexion (stretching of the triceps), and
dorsiflexion (stretching of gastrocnemius). Three 3 attempts were carried out
unilaterally, and the largest value obtained in the goniometer was considered. The
positions evaluated were corresponding to the sustained positions during the SS
exercises performed in the experimental protocols.

The SS was performed passively and unilaterally to the maximum point of
discomfort through a scale of 0-10 (MCCULLY, 2010). Three sets of 20 s were
performed for each muscle group (ACSM, 2011), with a 20 s interval between sets
and exercises. The SS for each muscle group was repeated using the maximum joint
amplitude achieved and was measured with a goniometer. The breathing was guided
with sound stimuli (2 seconds inspiration, 2 seconds expiration) during the entire
session by the HRV Elite® software (Production Version 4.4.1, Asheville NC, USA).

The SS were performed as described in Figure 1.
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Figure 2. Static stretching of the quadriceps, pectoralis, hamstrings (upper images from left to right,
respectively), triceps, gastrocnemius and biceps brachii (lower images from left to right, respectively).

Heart Rate and Heart Rate Variability Measurements

HRV Elite® software (Production Version 4.4.1, Asheville NC, USA) validated
by Perrota et al. (2017) was used to measure HR and HRV variables. The electrode
was moistened and positioned directly on the sternum (at the level of the xiphoid
process), transferring the beats via Bluetooth to the software. Regarding HR, the last
value shown on the device screen was recorded at each moment after each
measurement was completed. In accordance with the procedures of the Task Force
of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology (1996), HRV analysis in the time domain was evaluated through
the mean R-R intervals and square root of the mean squared differences of
successive R-R intervals (rMSSD). The power signal intensity in the frequency range
between 0.04-0.15 Hz (LF), and also in the frequency range between 0.15-0.40 Hz
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(HF), as well as the sympatho-vagal ratio (LF/HF) were used for HRV in the

frequency domain.

Blood Pressure and Pressure Rate Product (PRP)

The measurement of SBP and DBP values was performed using an
ambulatory blood pressure monitor (Boso-medicus, D-72417, Germany) using the
oscillometric technique (SBC, 2007), thus enabling automatic recording of blood
pressure values. To obtain the PRP values, the HR values were multiplied by the
SBP values (PRP = HR x SBP).

Oxygen Saturation

A finger pulse oximeter (digit Ox Ill N° AE-N2 Probasics, USA) was used to
obtain oxygen saturation values. Finger pulse oximetry is considered an indirect
measure of oxygen consumption (Martin et al., 1992). To obtain the data, the probe
was fixed on the index finger of the hand, which was supported on a fixed surface for

stabilization.

Statistical Analysis

A Shapiro-Wilk test was used to verify the normality of the sample’s
descriptive data. Reliability between test and retest sessions was analyzed using a
two-factor random effect model intraclass correlation coefficient (ICC) and paired t-
tests. A two-way ANOVA (repeated measures) was performed to examine
differences in HR, SBP, DBP, PRP, SpO,, and HRV indexes after the experimental
treatments (Order “A” vs. Order “B” and rest vs. midpoint of the session vs. end of the
session vs. 5 min-after vs. 10 min-after vs. 20 min-after). Bonferroni post hoc test
was then performed when appropriate. Statistical analyses were conducted using the
statistical software package GraphPad Prism 5.0 and the significance level was set
at p <0.05.

Results

The flexibility test and retest values presented excellent reproducibility (values
between 0.90 and 0.99) and did not present a significant difference in the paired t
test (p > 0.05).
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Heart Rate — The intra-group analysis showed that the order “A” and the order “B”
both generated significant increases in the HR responses (p < 0.05), already
observed in the midpoint of the session (p < 0.001) and persists increased
immediately after the end of the session (p < 0.001). The HR has returned to
baseline levels 5 min after stretching and remained in this range at 20 min after
stretching in both groups (p > 0.05). In addition, according to the inter-group analysis,
no difference was observed in HR between the order “A” and order “B” (p > 0.05),

according to figure 3.

Systolic Blood Pressure - The intra-group analysis showed that the order “A” and
the order “B” both generated significant increases in the SBP responses (p < 0.05). In
the order “A”, significant SBP increases were observed in the midpoint of the session
(p < 0.01) and returned to baseline levels immediately after the end of the session,
and remained in this range at 20 min after stretching (p > 0.05). In the order “B”
significant SBP increases were observed immediately after the end of the session (p
< 0.05) and returned to baseline levels 5 min after stretching and remained in this
range at 20 min after stretching (p > 0.05). In addition, according to the inter-group
analysis, no significant differences were observed between the order “A” and order

“B” (p > 0.05), according to figure 3.

Diastolic Blood Pressure - The intra-group analysis showed that the order “A” and
the order “B” both generated significant increases in the DBP responses (p < 0.05).
In the order “A”, significant increases in the DBP responses were observed in the
midpoint of the session (p < 0.01), returned to baseline levels immediately after the
end of the session and remained in this range at 20 min after stretching (p > 0.05). In
relation to the analysis of the order “B”, we observed significant increases in the DBP
responses immediately after the end of the session (p < 0.05), which remained
increased (p < 0.05) until 20 min after stretching. In relation to the inter-group
analysis, were found significant differences between order “A” and order “B” at the
midpoint of the session (p < 0.05) and in 10 min-after SS (p < 0.01), according to
figure 3.
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Rate of Pressure Product - The intra-group analysis showed that the order “A” and
the order “B” both generated significant increases in the PRP responses (p < 0.05),
already observed in the midpoint of the session (p < 0.05) and persists increased
immediately after the end of the session (p < 0.001). The PRP has returned to
baseline levels 5 min after stretching and remained in this range at 20 min after
stretching in both groups (p > 0.05). In addition, according to the inter-group analysis,
were found significant differences between order “A” and order “B” at the midpoint of
the session (p < 0.01), according to figure 3.
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Figure 3. Mean and standard deviation of HR, SBP, DBP and PRP values in comparison between
different exercise orders. * Represents significant difference from the respective baseline. **
Represents significant differences between different orders.

Oxygen Saturation - The intra-group analysis showed that the order “A” and the
order “B” both generated significant decreases in the SpO, responses (p < 0.05),

already observed in the midpoint of the session (p < 0.01) and persists decreased



69

immediately after the end of the session (p < 0.01). The SpO, has returned to
baseline levels 5 min after stretching and remained in this range at 20 min after
stretching in both groups (p > 0.05). In addition, according to the inter-group analysis,
no significant differences were observed between the order “A” and order “B” (p >

0.05), according to figure 4.

rMSSD - The intra-group analysis showed that the order “A” and the order “B” both
generated significant decreases (p < 0.05) in the rMSSD responses, already
observed in the midpoint of the session (p < 0.01) and persists decreased
immediately after the end of the session (p < 0.05). The rMSSD has returned to
baseline levels 5 min after stretching and remained in this range at 20 min after
stretching in both groups (p > 0.05). In addition, according to the inter-group analysis,
no significant differences were observed between the order “A” and order “B” (p >
0.05), according to figure 4.

LF - There are no significance in relation to the intra-group and inter-group analysis

(p > 0.05), according to figure 4.

HF - There are no significance in relation to the intra-group and inter-group analysis
(p > 0.05), according to figure 4.
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Figure 4. Mean and standard deviation of SpO,, rMSSD, LF and HF values in comparison between

different exercise orders. * Represents significant difference from the respective baseline.

LF/HF Ratio - There are no significance in relation to the intra-group and inter-group

analysis (p > 0.05), according to figure 5.

Mean R-R intervals — There are no significant results in relation to the intra-group

analysis in both orders (p > 0.05).

However, in relation to the inter-group analysis were found significant

differences between order “A” and order “B” at 10 min-after SS (p < 0.05), according

to figure 5.



71

6
r - Order A 975 ) — Order A
5 -= Order B = 9004 s -+ OrderB
£
4 = 825
¢ :
& 3 ™~ T 750-
2 E sl
[ x
1 ¥ 600
0 : : 525-
& < 4 - ~ ~ & <, " X .
&S0 1\@‘@ & &S & & & &
F £ & & & & & & & & &
& 5® N @ @ o &
o <F &8 &
& & .
& O
& &

Figure 5. Mean and standard deviation of mean LF/HF and R-R intervals values comparing different
orders of exercise. * Represents significant differences between different exercise orders.

Discussion

Through intra-group analysis, our best results demonstrated the SS session
increase cardiac overload in both performed exercise order. Although inter-group
results did not show significant differences immediately after the session in general,
the data pointed to a higher cardiac overload in the SS of the larger muscle groups
compared to the smaller muscle groups, suggesting that the exercise order interferes
in cardiac overload. In the order “A”, SBP and DBP significantly increased at the
midpoint of the session. Nevertheless, in the order “B”, the SBP and DBP
significantly increased only immediately after the end of the session Accordingly,
although the SS generated cardiac overload during and immediately after the
experimental sessions, it was observed that even when performed up to the
maximum joint amplitude, the values tend to return rapidly to the baseline levels
within five minutes.

The present results demonstrated that SS does not allow the cardiovascular
system to be overloaded for an extended period of time. Empirical knowledge and
clinical prescriptions have usually recommended the accomplishment of stretching.
Nevertheless, our findings showed that SS may increase heart overload and thereby,
it should be prescribed with caution for individuals with a high cardiovascular risk.

Additionally, in the present study the SS was performed to the maximum point of



72

discomfort and probably the activation of peripheral pain pathways can enhance the
HR and BP responses due to an increase in sympathetic modulation (AMANN et al.,
2015).

Corroborating the findings of Farinatti et al. (2011a), both orders of SS were
able to significantly elevate HR, SBP, DBP, and PRP. In addition, our experiment
significantly reduced the SpO, and rMSSD values, thus suggesting a possible blood
occlusion (MCCULLY, 2010), accompanied by a suppression of vagal modulation.
Possibly such effects were due to the activation of mechanoceptors of small muscle
fibers by SS exercises (Gladwell and Coote, 2002). According to Mizuno et al.
(2016), the pressor reflex mechanism demonstrated that exercises such as SS can
generate alterations in autonomic nervous system (ANS), especially via the increase
of the sympathetic modulation accompanied by vagal suppression regulated by
medullary neurons.

Because of the muscular afferents, especially type lll fibers, SS cause an
increase in cardiac responses. In the present study, although they were not
significantly different due to the high variability of the results, we observed that the
SS showed a tendency to increase the LF and the LF / HF ratio, whereas the HF had
a tendency to decrease. The increased cardiovascular responses observed in our
findings are likely mediated by the reflex from the skeletal muscle (i.e., pressor
reflex). Accordingly, the increases in this function are evoked by small muscle fibers
afferents associated with the metaboreceptors, which are activated slowly during
ischemic muscle contraction and by mechanoreceptors, which respond rapidly to
muscular deformation evoked from SS. The afferent sensory information is then
processed in the central nervous system, specifically within the nucleus of the solitary
tract (NTS) that integrates the the sympatho-vagal balance pathways (MURPHY et
al., 2011).

Venturelli et al. (2019), in very recent study, investigated the sympatho-vagal
relationship and blood circulation in 8 healthy young men submitted to repeated
unilateral SS sets (5 x 45 s of knee flexion and 15 seconds of knee extension). The
authors verified HR, cardiac output (CO), mean arterial pressure (MAP), HRV, BP
variability and blood flow in rest and during repeated SS series. According to a
computerized analysis of HRV the results showed that SS increased sympathetic

modulation (=20%) and decreased parasympathetic activity (=30%) with a
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parasympathetic withdrawal prevalence, corroborating our results. From the device of
photoplethysmography and ultrasonography, the authors observed that the HR, CO
and MAP increased significantly during the SS sets and noticed that the blood flow
was occluded. The Venturelli et al. (2019) data indicate that the high hemodynamic
responses of the heart to SS were mainly influenced by the parasympathetic
suppression.

The vagal rMSSD suppression could also be observed in the present study.
Thus, SS exercises do not appear to promote cardiovascular protection, elevating
HR, BP and suppressing local blood flow and the vagal drive to the heart. In the
meantime, the present study demonstrated a return of the variables to the baseline
levels five minutes after the end of the session, thus having a vagal increase in the
post-exercise recovery period agreeing with Farinatti et al. (2011b). Farinatti et al.
(2011b) submitted 10 men with reduced levels of flexibility to a SS session (3
repetitions of 30 seconds) involving trunk and hamstring musculature up to the
maximum point of joint amplitude. The authors measured HR and HRV before, during
and 30 minutes after the end of the session. After analysis in the time and frequency
domains, the results demonstrated sympathetic activity rises during static stretching
exercise and decreases at the end of the exercise, despite a rapid vagal return.
These observations were confirmed in the present study through the values of HR,
SBP, DBP, PRP, and the rMSSD index.

Lima et al. (2015) reported that SS exercises increase heart overload,
elevating HR and PRP, which is consistent with our findings. In addition, previous
studies (COSTA E SILVA et. 2012; COSTA E SILVA et al., 2014a, COSTA E SILVA
et al., 2014b) demonstrated that pre-exercise SS causes impairment in the
performance of activities requiring strength, and may decrease the supply of oxygen
to the stretched muscle (MCCULLY, 2010; COSTA E SILVA et al., 2013), suggesting
that negative effects can generate metabolic compensations. Silveira et al. (2016)
found a SS session increased blood pressure and the pulse pressure, which may
indirectly reflect an increase in arterial stiffness.

In addition, Farinatti et al. (2011a), after submitting apparently healthy non-
athletes to two experimental conditions (4 sets of 30 seconds vs. 4 sets of 30
seconds with the Valsalva Maneuver) reported that SS significantly increased SBP

and PRP, with or without performing a Valsalva Maneuver. Corroborating the present
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results, the authors demonstrated larger muscle groups are capable of generating
more expressive responses when compared to the smaller groups. Our study is the
first to show the effects of different orders of SS in small and large muscles groups
on cardiovascular and autonomic responses. Thus, further studies involving different
orders of stretching are still required to understand the mechanisms involved in the
SS in order to be safety prescribed and widely diffused in the clinical setting.

The heart rate variability may be influenced by several factors, for example the
differences between sexes. A study of 83 subjects of both sexes found higher heart
rate variability in women. According to the authors, this difference is due to the
protective effect of estrogen (Ryan et al., 1994). In this sense, Dutra et al. (2013)
pointed that men have an increased sympathetic response compared to women,
while women have a vagal predominance. Even with this possible vagal increase in
women, our results demonstrated that static stretching was able to significantly
suppress parasympathetic drive in both exercise orders.

Nevertheless, Albinet et al. (2010), after 12 weeks of intervention with physical
exercise, found similar improvement in vagal modulation through the standard
deviation of R-R intervals (SDNN), rMSSD and HF indexes in men and women.
Nagashima et al. (2010) showed significant improvement in heart rate recovery,
which indirectly reflects post-exercise parasympathetic reactivation, also in men and
women. The authors included men and women in the analysis, as well as
Sandercock et al. (2008) who also evaluated young men and women in a study that
demonstrated differences in autonomic modulation in individuals with higher levels of
physical activity.

In our study, the Shapiro-Wilk test showed normality of data when analyzing
men and women together. The procedures were randomized with counterbalanced
input, each individual being compared to him- or herself. In addition to the fact that
only six women do not justify a different statistical analysis, we chose to evaluate
men and women together. The same choice was done by other authors (Fowles et
al., 2000, Konrad et al., 2017, Konrad et al., 2019) who investigated the acute effects
of static muscle stretching.
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Conclusions and General Recommendations

The SS session increases cardiac overload in both performed orders, pointing
to greater overload when we compare the largest muscle groups to the smaller
muscle groups. Thus, the exercise order interferes in cardiac overload. It is possible
to observe that even when the joint amplitude is maximal, values tend to return
rapidly to baseline levels. However, such exercises should be prescribed with caution
by individuals with a high cardiovascular risk when the goal is cardiac preservation,
especially by increased HR, SBP, DBP, PRP, and vagal suppression accompanied

by reduction of oxygen supply.
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4 CONCLUSAO

Os exercicios de AE reduzem o aporte de oxigénio, aumentando a sobrecarga
cardiaca independente da ordem de execucgao, especialmente quando combinados
aos exercicios resistidos, tornando o treinamento mais intenso quando o
alongamento é realizado no inicio da sessdo. Além disso, quando os exercicios séo
ordenados em funcdo do tamanho da massa muscular envolvida, existe maior
sobrecarga cardiaca com a realizagao do AE dos maiores grupamentos musculares.

Portanto, os exercicios de alongamento muscular estatico, contrariamente aos
saberes empiricos, aumentam a sobrecarga do coragao e, devem seguir cuidados e
critérios de prescrigcdo, sobretudo em populagdes com elevado risco cardiaco e
quando combinados a outros tipos de exercicios como 0s exercicios resistidos.
Talvez priorizar o alongamento de menores grupamentos musculares quando a
combinagdo com os exercicios resistidos for considerada imprescindivel seja uma
boa alterativa a ser estudada como opgado capaz de gerar menor sobrecarga
cardiaca.

Novas pesquisas envolvendo outros métodos de alongamento e populagdes
especificas sao sugeridas para extrapolagao dos presentes resultados. Assim como
estudos envolvendo marcadores bioquimicos e em modelos animais para
investigacao direta dos mecanismos supostamente envolvidos na realizagdo dos

exercicios de alongamento.
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ANEXO B

Termo de Participagdo Consentida

Termo de Consentimento Livre e Esclarecido para Participagdo em Pesquisa

Titulo da pesquisa: “A INFLUENCIA DA REALIZAGAO DE EXERCICIOS DE
ALONGAMENTO MUSCULAR SONBRE O CONTROLE AUTONOMICO,
RESPOSTAS HEMODINAMICAS E MARCADORES BIOQUIMICOS™.

Coordenacéao/Orientacao Prof. Dra. Monica Akemi Sato e Prof. Dr. Roberto Lopes de
Almeida

Pesquisador Responsavel: Gabriel Costa e Silva (gabriel_bill04@hotmail.com)

Tel: (21) 9.8981-0745

Prezado Senhor(a):,
O doutorando Gabriel Costa e Silva, do curso de pés-graduacdo em Ciéncias da
Saude da Faculdade de Medicina do ABC (FMABC), pretende realizar um estudo e o

CONVIDA a participagao do mesmo, com as seguintes caracteristicas:

Titulo do Projeto de Pesquisa: “A influéncia da realizagdo de exercicios de
alongamento muscular sobre o controle autonémico, respostas hemodinamicas e

marcadores bioquimicos”.

Objetivo do Estudo: Analisar os efeitos agudos e crénicos do alongamento muscular,
realizado isoladamente, assim como em concorréncia com exercicio resistido,

diferentes ordens de execucao e intervalos de recuperacgao.

Justificativa: Existem lacunas na literatura em relacdo a realizacdo de exercicios de

alongamento muscular. Muitas duvidas permeiam as prescricdes, quase sempre
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empiricas. Sendo assim estes exercicios podem gerar efeitos contrarios aos

esperados caso nao obedecerem a critérios.

Descricao dos Procedimentos Metodoldgicos: No presente estudo serdo realizadas
medidas antropométricas (peso corporal, estatura e dobras cuténeas), de
flexibilidade e forga, e sera aplicado um questionario PAR-Q, para garantir um nivel
de seguranga a pratica dos testes pelos voluntarios. Basicamente, os voluntarios
serdao submetidos a protocolos que envolvem aplicagdo de exercicios de
alongamento muscular e exercicio resistido (musculagdo). Serdo mensuradas as
respostas autonémicas (de maneira ndo-invasiva), hemodinamicas (de maneira n&o-
invasiva) e bioquimicas (pungdo venosa que € um método invasivo — retirada
sanguinea). Todos os procedimentos serdao feitos por profissionais habilitados e
experientes. As amostras de sangue coletadas serdo de 5ml e sera analisada na
prépria instituicdo, Faculdade de Medicina do ABC. As analises conterdo apenas
andlises de marcadores bioquimicos (creatina kinase, lactato, cortisol e
testosterona). Em seguida, AS AMOSTRAS DE SANGUE SERAO DESCARTADAS.
A coleta de dados durara entre 17 e 24 semanas, onde os testes ocorrerdao sempre

em dias ndo consecutivos.

O pesquisador responsavel garantira o RESSARCIMENTO DE TODOS OS
GASTOS QUE O PARTICIPANTE E SEU(S) ACOMPANHANTE(S) TERAO AO
PARTICIPAR DA PESQUISA.

O pesquisador responsavel ira ASSEGURAR QUE O PARTICIPANTE DE
PESQUISA RECEBA A ASSISTENCIA INTEGRAL E IMEDIATA, PELO TEMPO
QUE FOR NECESSARIO EM CASO DE DANOS DECORRENTES DA PESQUISA.

O PARTICIPANTE DE PESQUISA TEM DIREITO A INDENIZAGAO EM CASO DE
DANOS DECORRENTES DO ESTUDO.

Descricdo de Riscos e Desconfortos: Ndo sao previstos grandes riscos. Entretanto,
desconfortos musculares poderao ocorrer em virtude da realizagao dos exercicios de

alongamento e exercicios resistidos. Adicionalmente, a pungédo venosa € um método
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que pode causar dor, queimacao local e mal-estar. Durante a pung¢ao venosa, ocorre
um acumulo de liquidos que sao infundidos nos tecidos préximos da veia
puncionada, que podem justificar tais possiveis efeitos. Neste sentido, é importante
saber que na pungdo venosa, apds garrotear o membro selecionado,
cautelosamente sera introduzido o cateter no seio venoso até que se perceba um

retorno de sangue através do mesmo.

Beneficios para os Participantes: Embora o estudo se proponha a desvendar
lacunas que serdo importantes para prescricdo de exercicios de alongamento, nao

sdo esperados beneficios diretos aos participantes.

Forma de Obtencdo da Amostra: A escolha da amostra sera por conveniéncia, ou
seja, serdo selecionados o numero maximo de participantes, familiarizados com
exercicios de alongamento, fisicamente ativos, supostamente saudaveis e

matriculados na Faculdade de Medicina do ABC.

Uso de Placebo: Nao ha

Garantia de Acesso: Em qualquer fase do estudo vocé tera pleno acesso ao
profissional responsavel pelo mesmo nos locais e telefones indicados: Gabriel Costa
e Silva — tel.: (21)9.8981-0745 — Laboratério de Fisiologia, Faculdade de Medicina do
ABC, Av. Principe de Gales, 821 - Principe de Gales - Santo André / SP - CEP:
09060-650 | Telefone: + 55 (11) 4993-5400.

Garantia de Liberdade: Sua participacdo neste estudo é absolutamente voluntaria.
Dentro desta premissa, todos os participantes sdo absolutamente livres para, a
qualquer momento, negar o seu consentimento ou abandonar o programa se assim

o desejar, sem que isto provoque qualquer tipo de penalizagao.

Mediante a sua aceitacido, espera-se que compareca nos dias e horarios marcados
e, acima de tudo, siga as instrugbes determinadas pelo pesquisador responsavel,
quanto a seguranga durante a realizacdo das avaliagdes e/ ou procedimentos de

intervencao.
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Direito de Confidencialidade: Os dados colhidos na presente investigagdo serao
utilizados para subsidiar a confecgdo de artigos cientificos. Os responsaveis
garantem a total privacidade e estrito anonimato dos participantes, quer no tocante
aos dados, quer no caso de utilizagdo de imagens, ou outras formas de aquisi¢cao de
informagdes. Garantindo, desde ja a confidencialidade, a privacidade e a protegao
da imagem e a nao estigmatizagdo, escusando-se de utilizar as informagdes
geradas pelo estudo em prejuizo das pessoas e/ou das comunidades, inclusive em

termos de auto-estima, de prestigio ou de quaisquer outras formas de discriminagéao.

Despesas e Compensacoes: As despesas porventura acarretadas pela pesquisa
serao de responsabilidade da equipe de pesquisas. O participante sera compensado
por eventuais despesas oriundas da pesquisa. ENTRETANTO, NAO HAVERA
PAGAMENTO PELA PARTICIPACAO.

Em caso de duvidas ou perguntas, queira manifestar-se em qualquer momento, para

explicagdes adicionais, dirigindo-se a qualquer um dos pesquisadores.

Apoés a leitura do presente Termo e estando de posse minha plenitude mental e
legal, ou da tutela legalmente estabelecida sobre o participante da pesquisa, declaro
expressamente que entendi o propdsito do referido estudo e, estando em perfeitas
condigbes de participagdo, dou meu consentimento para participar livremente do

mesmo.

Em caso de duvidas, além do endereco institucional (Laboratério de Fisiologia,
Faculdade de Medicina do ABC, Av. Principe de Gales, 821 - Principe de Gales -
Santo André / SP - CEP: 09060-650 | Telefone: + 55 (11) 4993-5400), vocé pode
entrar em contato com o pesquisador responsavel Gabriel Costa e Silva n endereco
Rua Bardo de Santa Cruz, 291, Centro Barra do Pirai, RJ — CEP 27120-050.
Telefone (21) 98981-0745 para contato em caso de intercorréncias clinicas e
reacdes adversas ou para esclarecimento de duvidas ou SE VOCE TIVER DUVIDAS
E/OU PERGUNTAS SOBRE SEUS DIREITOS COMO PARTICIPANTE DESTE
ESTUDO E/OU INSATISFEITO COM A MANEIRA COMO O ESTUDO ESTA
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SENDO REALIZADO, VOCE PODE ENTRAR EM CONTATO COM O COMITE DE
ETICA EM PESQUISA (CEP) DA FACULDADE DE MEDICINA DO ABC PELO
ENDERECO: AV. LAURO GOMES, 2000 - PREDIO CEPES - 2° ANDAR - SALA 90
E O HORARIO DE ATENDIMENTO: SEGUNDA A SEXTA-FEIRA DAS 08:00H AS
16:00H OU PELO TELEFONE: (11)-4993-5453. O HORARIO DE ATENDIMENTO E
DE SEGUNDA A SEXTA DAS 07H00 AS 17H00. O COMITE DE ETICA E
RESPONSAVEL PELA AVALIACAO E COMPANHAMENTO DOS ASPECTOS
ETICOS DE TODAS AS PESQUISAS ENVOLVENDO SERES HUMANOS,
VISANDO ASSEGURAR A PROTECAO, A DIGNIDADE, OS DIREITOS, A
SEGURANCA E O BEMESTAR DO PARTICIPANTE DA PESQUISA.

O PARTICIPANTE DE PESQUISA RECEBERA UMA VIA (E NAO COPIA) DO
DOCUMENTO, ASSINADA PELO PARTICIPANTE DE PESQUISA (OU SEU
REPRESENTANTE LEGAL) E PELO PESQUISADOR, E RUBRICADA EM TODAS
AS PAGINAS POR AMBOS.

“Declaro que, apés convenientemente esclarecido pelo pesquisador e ter
entendido o que me foi explicado, consinto em participar do presente Projeto
de Pesquisa.”

Santo André, de de 2018.

Nome do participante:

Numero da identidade (RG): Sexo:

Data de Nascimento:

Assinatura do participante:

Assinatura do Pesquisador Responsavel — Doutorando em Ciéncias da Saude pela
Faculdade de Medicina do ABC:
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Em atendimento a Resolucéo n°® 466, de Dezembro de 2012, do Conselho Nacional
de Saude, o presente Termo é confeccionado e assinado em duas vias, uma de
posse do avaliado e outra que sera encaminhada ao Comité de Etica da Pesquisa
(CEP) da Faculdade de Medicina do ABC
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