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RESUMO

INTRODUGAO: O treinamento resistido tem se tornado cada vez mais popular,
sendo amplamente utilizado por individuos de diferentes niveis de treinamento, faixas
etarias e género, além de ser preconizado para alcancar diferentes metas e objetivos
fisicos. Os exercicios com énfase na fase excéntrica tém sido frequentemente
utilizados no treinamento resistido, na reabilitacdo e nas agdes de prevenciao de
lesdes nas mais diversas populacgdes, incluindo atletas. O treinamento isoinercial tem
demonstrado evidente potencial como ferramenta eficaz para reabilitacdo de lesdes
musculares devido aos seus efeitos positivos de treinamento. As melhorias em forga,
hipertrofia, ativagdo muscular e comprimento do musculo levam a adaptacoes
positivas e recuperagao muscular. Um treinamento de forga funcional e eficiente
associado a incrementos de desempenho usando um dispositivo isoinercial deve
incluir a medicao da poténcia durante as fases concéntrica e excéntrica. Esta saida
de controle de poténcia torna-se mais importante durante a reabilitacdo devido ao
risco de sobrecarregar as estruturas musculo-esqueléticas e possivel chance de nova
lesdo. No entanto, existem algumas dificuldades técnicas para adquirir dados de
poténcia e forga de dispositivos isoinerciais. Como a sobrecarga do sistema é baseada
na inércia, a aceleragao esta intimamente ligada a produgao de forca e poténcia
durante tarefas isoinerciais. Uma alternativa para caracterizar tal sobrecarga é avaliar
as diferencas entre os perfis de aceleragao superior e inferior. Dada a escassez de
estudos associando os parametros supracitados, as demandas biomecanicas de cada
fase devem ser examinadas para integrar adequadamente o treinamento resistido
isoinercial como mecanismo de sobrecarga. OBJETIVO: Examinar as influéncias
seletivas de perfis de aceleracdo distintos na eficiéncia neuromuscular, forca e
poténcia durante as fases concéntrica e excéntrica do exercicio de
agachamento isoinercial. DESENHO: Estudo transversal PARTICIPANTES: Um total
de 38 adultos ativos foram divididos de acordo com seus perfis de aceleragao: grupo
de alto perfil de aceleracdo (H-ACC) (n = 17;> 2,5 m / s2) e grupo de baixo perfil
aceleracdo (H-ACC) (n = 21; <2,5 m / s2). METODOLOGIA: Todos os individuos
realizaram agachamentos até falha anexada a um dispositivo de polia
cbnica isoinercial monitorado por eletromiografia de superficie do reto femoral, vasto
medial, vasto lateral, biceps femoral e semitendineo. Um codificador &ptico

incremental foi usado para avaliar a poténcia e a forca maxima e média durante as



fases concéntrica e excéntrica. A eficiéncia neuromuscular foi calculada por meio da
forca média e do envelope eletromiografico linear. RESULTAODS: Diferengas entre
os grupos foram observadas para a forga maxima e média (Prange = .001 — .005),
poténcia (P = .001) e eficiéncia neuromuscular (Prange = .001 — .03) com valores
significativos mais altos para o grupo de maior aceleragdo nas fases concéntrica e
excéntrica. CONCLUSAO: Perfis de aceleracdo distintos afetam a eficiéncia
neuromuscular, forca e poténcia durante as fases concéntrica e excéntrica do
exercicio de agachamento isoinercial. Para garantir niveis mais altos imediatos de
poténcia e producdo de forca sem privar o sistema neuromuscular, perfis de
aceleracao superiores a 2,5 m/ s2 sao preferiveis. Os perfis de aceleragao podem ser

uma alternativa para evoluir o exercicio isoinercial.

Palavras-chave: isoinercial, treinamento de resisténcia, torque, eletromiografia,

inércia



ABSTRACT

BACKGRGOUND: Resistance training has become increasingly popular, used with
groups of different levels of training, age and gender and it's also recommended to
achieve different physical goals. Exercises with an emphasis on the eccentric phase
have often been used in resistance training, rehabilitation and injury prevention actions
in the most diverse categories, including athletes. Isoinertial training has shown
potential as an effective tool for the rehabilitation of muscle injuries due to its positive
training effects. Improvements in strength, hypertrophy, muscle activation and muscle
length lead to positive adaptations and muscle recovery. Functional and effective
strength training associated with performance increases using an isoinertial device
should include a measurement of power during the concentric and eccentric phases.
This power control output becomes more important during rehab due to the risk of
overloading musculoskeletal structures increase the risk of further injury. However,
there are some technical difficulties in acquiring power and strength data from
isointerial devices. As the system overload is based on inertia, acceleration is closely
linked to the production of force and power during isoinertial tasks. An alternative to
characterize this overload is to evaluate the differences between the upper and lower
acceleration profiles. Given the scarcity of associating the aforementioned parameters,
the biomechanical demands of each phase must be examined to integrate isoinertial
resistance training as an overload mechanism. Objective: To examine the selective
influences of distinct acceleration profiles on the neuromuscular efficiency, force, and
power during concentric and eccentric phases of isoinertial squatting exercise.

Design: Cross-sectional study. Participants: A total of 38 active adults were divided
according to their acceleration profiles: higher (n = 17; >2.5 m/sz) (H-ACC) and lower

acceleration group (L-ACC) (n = 21; <2.5 m/sz). Intervention: All subjects performed
squats until failure attached to an isoinertial conic pulley device monitored by surface
electromyography of rectus femoris, vastus medialis, vastus lateralis, biceps femoris,
and semitendinosus. Methods: An incremental optical encoder was used to assess
maximal and mean power and force during concentric and eccentric phases. The
neuromuscular efficiency was calculated using the mean force and the
electromyographic linear envelope. Results: Between-group differences were

observed for the maximal and mean force (Prange = .001-.005), power (P = .001), and



neuromuscular efficiency (Prange = .001-.03) with higher significant values for the higher
acceleration group in both concentric and eccentric phases. Conclusion: Distinct
acceleration profiles affect the neuromuscular efficiency, force, and power during
concentric and eccentric phases of isoinertial squatting exercise. To ensure immediate

higher levels of power and force output without depriving the neuromuscular system,

acceleration profiles higher than 2.5 m/s2 are preferable. The acceleration profiles

could be an alternative to evolve the isoinertial exercise.

Keywords: flywheel, resistance training, torque, electromyography, inertial
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1. INTRODUGAO
1.1 TREINAMENTO RESISTIDO E A TECNOLOGIA ISOINERCIAL

O exercicio resistido consiste na imposicao de resisténcia externa durante
contragbes musculares isométricas ou dinamicas (ROIG et al., 2009). Esta
modalidade de exercicio tém se tornado cada vez mais popular, sendo amplamente
utilizado por individuos de diferentes niveis de treinamento, faixas etarias e género,
além de ser preconizado para alcancar diferentes metas e objetivos fisicos (PETRE;
WERNSTAL; MATTSSON, 2018). Durante a contracdo isométrica o musculo é
mantido contraido ativamente em um comprimento fixo. Enquanto que na contracao
dindmica, identificamos duas fases: a concéntrica e a excéntrica. A fase concéntrica,
envolve a contracao ao longo do encurtamento das fibras musculares e a fase
excéntrica refere-se a contracdo muscular durante o alongamento ativo das fibras.
Sabe-se que os diferentes tipos contracao: concéntrica e excéntrica geram estimulos
diferentes e, portanto, poderiam produzir distintas adaptacées(COLLIANDER,;
TESCH, 1990; ROIG et al., 2009) .

Os exercicios com énfase na fase excéntrica tém sido frequentemente utilizado
no treinamento resistido, na reabilitagdo e nas agdes de prevencao de lesdes nas mais
diversas populacoes, incluindo atletas (FRANCHI; MAFFIULETTI, 2019). Isso indica
um crescente interesse no uso de exercicios resistidos excéntricos para otimizar os
ganhos de forca, uma vez que a capacidade de geracado forgca pela contragao
excéntrica € superior aos demais tipos de contracdo (FRANCHI; MAFFIULETTI, 2019;
ROIG et al., 2009; TIMON et al., 2018).

A prescricao de resisténcia externa para os exercicios resistidos costuma ser
determinada pela forga concéntrica e isso tende a gerar sobrecarga insuficiente na
fase excéntrica (DOUGLAS et al., 2017). Evidéncias cada vez mais robustas indicam
que os treinamentos resistidos que sobrecarregam suficientemente a fase excéntrica
acabam por gerar adaptagbes neuromusculares superiores quando comparado com
treinamento resistido convencional/gravidade dependente (DOUGLAS et al., 2017;
ISNER-HOROBETI et al., 2013; VOGT; HOPPELER, 2014).

Os exercicios com carga isoinercial apresentam a inércia como constante, em
que ao puxar a polia enrolada em um eixo durante a fase concéntrica, um cone inicia

o movimento rotacional. O cone continua os movimentos rotacionais por inércia
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acumulando energia cinética (BERG; TESCH, 1998; TOUS-FAJARDO et al., 2006) e
precisa ser desacelerado pela contragdo excéntrica, permitindo atingir maximo
esforgo por parte do individuo, o que nédo é possivel nos exercicios gravidade
dependente (PETRE; WERNSTAL; MATTSSON, 2018).

O treinamento resistido com a tecnologia isoinercial foi descrito em 1990 e
inicialmente foi proposto para reduzir os efeitos deletérios (disfungbes
neuromusculares e atrofia muscular) em astronautas, causadas pela falta de
gravidade durante viagens de longa duracao no espacgo (BERG; TESCH, 1994).Desde
entdo, numerosos estudos foram conduzidos buscando elucidar os mecanismos
neurofisioldgicos, morfoldgicos e as adaptacdes induzidas pelo treino utilizando carga
isoinercial (BEATO; DELLO IACONO, 2020; MAROTO-IZQUIERDO et al., 2017;
TESCH; FERNANDEZ-GONZALO; LUNDBERG, 2017)

1.2ADAPTAGCOES CRONICAS AO TREINAMENTO ISOINERCIAL

Nos ultimos 20 anos, muitos estudos buscaram investigar os efeitos dos
exercicios com sobrecarga excéntrica utilizando os equipamentos isoinerciais. Os
resultados indicam ganhos de 5-13% de massa muscular (DEL ROSARIO; REDMOND;
LOVELL, 2015; HOPKINS et al., 2009; NEUGEBAUER; LAFIANDRA, 2018; TESCH;
FERNANDEZ-GONZALO; LUNDBERG, 2017), aumento de 11-39% na contracao
voluntaria maxima (DEL ROSARIO; REDMOND; LOVELL, 2015; HOPKINS et al., 2009;
TESCH; FERNANDEZ-GONZALO; LUNDBERG, 2017), aumento de 12-25% na
repeticdo maxima (1 RM) (DEL ROSARIO; REDMOND; LOVELL, 2015; KOS;
TOMAZIC; UMEK, 2016). Além de aumento de 21-90% na forca excéntrica (COOMBS;
GARBUTT, 2002; WATANABE; AKIMA, 2011) e 10-30% de aumento na poténcia
muscular (JIMENEZ-REYES et al., 2014; KOS; TOMAZIC; UMEK, 2016), 6-15% da
poténcia do salto (JIMENEZ-REYES et al., 2014; KOS; TOMAZIC; UMEK, 2016;
SAMOZINO et al., 2014), 2-10% na velocidade da corrida, e acima de 30% de aumento
da atividade eletromiografica (CARROLL et al., 2019; ILLERA-DOMINGUEZ et al.,
2018; NEUGEBAUER; LAFIANDRA, 2018).

O treinamento com énfase na fase excéntrica em lesdes tendinosas leva a

redugcao da dor, diminui¢do da rigidez do tend&do, aumento da neovascularizagao e
aumento da neuroplasticidade (HESSEL; LINDSTEDT; NISHIKAWA, 2017,

WONDERS, 2019). A existéncia de tal sobrecarga excéntrica durante o exercicio
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isoinercial parece estar altamente associada ao aumento na produgao de forca
muscular mas ndo com o aumento na massa muscular (NUNEZ SANCHEZ; DE
VILLARREAL, 2017). Uma possivel explicagao é que as contragbes excéntricas sao
caracterizadas por maior atividade das fibras do tipo Il e maior atividade cortical,
resultando em maior poténcia e ativagdo muscular em comparagao com exercicios de
resistidos com peso livre (MAROTO-IZQUIERDO et al.,, 2017). O fator neural
mencionado acima refere-se as taxas de disparo das unidades motoras durante a
contragdo muscular, isto €, quanto maior o recrutamento de unidades motoras maior
sera a forca do musculo (ARAGAO et al., 2015).

No entanto, individuos com maior eficiéncia tém habilidade de produzir maiores
niveis de for¢ca associados a menores niveis de ativagao das fibras musculares, o que
representa menor gasto energético para execugao da tarefa e menor risco de leséo.
(ARAGAO et al., 2015; DESCHENES et al., 2002; PATSIKA; KELLIS; AMIRIDIS,
2011). Do ponto de vista biomecanico, a eficiéncia neuromuscular é calculada através
da razdo entre a quantidade dos estimulos neurais (excitacdo muscular) e a
capacidade de gerar forca que o musculo possui (ARAGAO et al., 2015; DESCHENES
et al., 2002; PATSIKA; KELLIS; AMIRIDIS, 2011). A eletromiografia de superficie
(sEMG) avalia a excitagdao muscular, permitindo o calculo da eficiéncia neuromuscular
(ARAGAO et al., 2015; DESCHENES et al., 2002). Este conceito é muito util para
estabelecer a forma mais eficiente de realizar um exercicio, visto que ao tornar o
sistema neuromuscular mais eficiente, ha um menor gasto energético associado a um
menor risco de lesdo e melhor desempenho na tarefa (ARAGAO et al., 2015; CHAVES
et al., 2012; DESCHENES et al., 2002). Para a reabilitacdo, o conceito de eficiéncia
neuromuscular tem sido usado durante os periodos pré e pos-operatorios e, para
comparar o membro lesado nesses dois momentos utilizando 0 membro ndo operado
como controle (CHAVES et al., 2012). Além disso, a eficiéncia neuromuscular pode
servir como parametro para inferir sobre desempenho, principalmente em se tratando
de exercicios multiarticulares (ARAGAO et al., 2015; DESCHENES et al., 2002;
PATSIKA; KELLIS; AMIRIDIS, 2011). Varios estudos avaliaram as demandas
mecanicas e as caracteristicas de sobrecarga da resisténcia isoinercial (MONAJATI
et al.,, 2018; NUNEZ et al., 2016; NUNEZ SANCHEZ; DE VILLARREAL, 2017;
PRIETO-MONDRAGON et al., 2017; TIMON et al., 2018). Entretanto, a maioria destes
estudos examinou a sobrecarga utilizando somente exercicios mono-articulares.

Outros consideraram os fatores neurais associados a cada fase do exercicio
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isoinercial e até o presente momento nenhum estudo incluiu a eficiéncia
neuromuscular como variavel.
1.3 MEDIDAS DE DESEMPENHO

Os parametros como forgca, poténcia e velocidade tém sido descritos como
pontos chaves para garantir a assertividade na prescrigao dos exercicios para melhora
do desempenho e progressdo segura na reabilitacdo (JIMENEZ-REYES et al., 2014;
PRIETO-MONDRAGON et al., 2017; SUCHOMEL; COMFORT; LAKE, 2017;
TAVARES et al., 2018). As melhorias no desempenho do exercicio durante uma tarefa
isoinercial podem ser avaliadas verificando os aumentos nos valores de poténcia
média e maxima durante as fases concéntrica e excéntrica (CARMONA et al., 2015).
E também pela eficiéncia neuromuscular, que é facilmente calculada através da
avaliagdo da excitagdo muscular com a eletromiografia de superficie (SEMG)
(ARAGAO et al., 2015; DESCHENES et al., 2002).

1.4 TREINAMENTO ISOINERCIAL

Os elementos absolutos e relativos definem a resisténcia nos dispositivos
isoinerciais. Os elementos absolutos sdo a massa e o raio do disco/cone, enquanto
os elementos relativos incluem a aceleracao angular gerada e a distancia
perpendicular da corda ao centro do disco (MORAS; VAZQUEZ-GUERRERO, 2015;
PRIETO-MONDRAGON et al., 2017). Os elementos relativos mudam de acordo com
uma combinacao de forca desenvolvida e poténcia utilizada para executar o impulso
pelo segmento ou aceleragao corporal enquanto o exercicio € executado. Assim, é
esperado que os perfis de aceleracdo mais altos também devem produzir maior forca
mesmo com cargas submaximas (IRINEU LOTURCO, RONALDO KOBBAL, JOSE
E. MORAES, KATIA KITAMURA, 2017).

O treinamento isoinercial tem demonstrado evidente potencial como ferramenta
eficaz para reabilitacdo de lesdes musculares devido aos seus efeitos positivos de
treinamento. As melhorias em forga, hipertrofia, ativagcdo muscular e comprimento
do musculo levam a adaptagdes positivas e recuperacdo muscular (FERNANDO
SANZ-LOPEZ et al., 2016; WONDERS, 2019). Um treinamento de forga funcional e
eficiente associado a incrementos de desempenho usando um dispositivo isoinercial
deve incluir a afericao da poténcia durante as fases concéntrica e excéntrica (NUNEZ
et al., 2019). O controle de poténcia torna-se mais importante durante a reabilitacéo
devido ao risco de sobrecarregar as estruturas musculo-esqueléticas, com possivel
chance de lesdo (COOMBS; GARBUTT, 2002; VRIEND et al., 2017). No entanto,
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existem algumas dificuldades técnicas para adquirir dados referentes a poténcia e
forga de dispositivos isoinerciais. Controlar os elementos relativos durante as fases
concéntrica-excéntricas enquanto se avalia a aceleragdo, poténcia, forca e o
elemento neural durante uma tarefa complexa de cadeia cinética fechada, como o
agachamento, € um grande desafio devido a falta de sistemas acessiveis e de facil
interpretacao de resultados. Como a sobrecarga do sistema é baseada na inércia, a
aceleracao esta intimamente ligada a producao de forca e poténcia durante tarefas
isoinerciais. Uma alternativa para caracterizar tal sobrecarga é avaliar as diferengas
entre distintos perfis de aceleragao.
Dada a escassez de estudos associando os parametros supracitados, as
demandas biomecanicas de cada fase devem também ser examinadas
conjuntamente para integrar adequadamente o treinamento resistido isoinercial

como mecanismo de sobrecarga.
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2. OBJETIVOS

O objetivo deste estudo é examinar a influéncia seletiva de diferentes perfis de
aceleracao na eficiéncia neuromuscular, forga e poténcia durante as fases concéntrica

e excéntrica do agachamento isoinercial.
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3. MATERIAIS E METODOS

3.1. DESENHO DE ESTUDO
Trata-se de um estudo de corte transversal comparativo que avaliou 38
individuos, subdivididos em dois grupos de acordo com seu perfil de aceleragao

durante o agachamento isoinercial.

3.2. CALCULO AMOSTRAL

Um calculo amostral a priori e bicaudal foi realizado utilizando-se o software G-
power 3.1 (Franz Faul, Universitat Kiel, Germany), considerando-se tamanho de
efeito de 0.63, nivel alfa de 5%, e poder amostral de 95%. O algoritmo retornou um

tamanho amostral minimo de 26 individuos, com um poder amostral real de 0.9519.

3.3. AMOSTRA

Os voluntarios foram recrutados na comunidade local, via chamada publica. Em
maio de 2019, todos os dados foram coletados nas instalagdes da Clinica Escola de
Fisioterapia da Universidade Federal de Juiz de Fora - UFJF, com ambiente privativo
e adequado as regras sanitarias vigentes.

O Questionario Internacional de Atividade Fisica (Brasil) (CRAIG et al., 2003) foi
utilizado para avaliar o nivel de atividade fisica dos participantes, e 38 individuos
muito ativos (25 dias / sem e 230 minutos por sessao de treinamento) participaram
deste estudo transversal (Tabela 1). Este questionario foi traduzido para o portugués
e teve suas propriedades psicomeétricas previamente validadas no Brasil
(MATSUDO et al., 2012) Eles foram divididos, usando uma analise de divisdo pela
mediana, (LOTURCO et al.,, 2019) em 2 grupos de acordo com seu perfil de
aceleracdo maxima durante a tarefa de agachamento isoinercial: grupo de alta
aceleragdo (H-ACC: a > 2,5 m / s?) e baixa aceleragéo (L-ACC:a<25m/s?). 0O
perfil foi determinado com base em dados de um sensor inercial que engloba um
acelerdbmetro de 3 eixos, um magnetdmetro e um giroscépio de 3 eixos (BTS™
Bioengineering Corp, Quincy, MA).

Os objetivos do estudo foram explicados aos potenciais participantes e estes
foram notificados dos beneficios e riscos eventuais envolvidos, previamente a
assinatura do Termo de Consentimento Livre e Esclarecido (APENDICE 1). O
comité de ética em investigagdo humana da UFJF aprovou os procedimentos
empregados no estudo (CAAE: 25305219.4.0000.5147).
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Nao foram realizadas intervengdes nos voluntarios durante a pesquisa. Os
investigadores responsaveis por este trabalho estavam comprometidos com a
resolucao 466/12 do Conselho Nacional de Saude.

3.5CRITERIOS DE ELEGEBILIDADE

3.4.1 Critérios de inclusédo
Foram incluidos no estudo individuos com idades entre 18 e 30 anos,
considerados individuos muito ativos (25 dias / sem e 230 minutos por sessao de
treinamento) de acordo com o International Physical Activity Questionnaire (IPAQ)

(CRAIG et al., 2003; MATSUDO et al., 2012) e que tenham assinado Termo de
Consentimento Livre e Esclarecido.

3.4.2 Critérios de exclusao
Como critérios de exclusao foram considerados: sintomas relacionados ao
joelho-quadril, uma histéria de luxagao da patela ou cirurgia do membro inferior,
injecbes de cortisona nos ultimos 6 meses, doengas relatadas sistémicas e
neuroldgicas e historia de fratura ou cirurgia do membro inferior. Nenhum sujeito

relatou participacdo em uma atividade excecionalmente extenuante 48 horas antes
da sessdao de teste.
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3.5 INSTRUMENTOS DE AVALIACAO

3.5.1 Eletromiografia de superficie

Um moédulo de aquisigio com 8 canais analégicos (MIOTECTM,;
Equipamentos Biomédicos, Porto Alegre, RS, Brasil) registrou continuamente os
sinais bioldgicos. A conversao dos sinais analégicos em digitais foi realizada por
uma placa A / D com uma faixa de entrada de resolucao de 16 bits, frequéncia de
amostragem de 2 kHz, um modulo de rejeicdo comum maior que 100 dB, relagao
sinal-ruido menor que 03 pV raiz média quadrada e impedancia de 109 Q. Os
dados coletados foram colocados em janela a 125 ms usando o software MIOTEC
™ Suite. Os sinais sEMG foram registrados em raiz média quadrada em pV com
eletrodos de superficie MEDITRACE ™ (Ludlow Technical Products, Gananoque,
Canada) Ag / AgCIl com diametro de 1 cm e distancia e a distancia de centro a
centro de 2 cm, aplicados em orientagao transversal paralelo as fibras subjacentes
no musculo. Um eletrodo de referéncia foi colocado no epicéndilo umeral lateral
esquerdo. Os sinais sEMG foram amplificados e filtrados (filtro passa-banda
Butterworth de quarta ordem, 20-450 Hz, filtro notch de 60 Hz). Antes da colocacéao
do eletrodo sEMG, a pele foi tricotomizada e limpa com alcool 70% para eliminagao
da gordura residual, seguida de esfoliagcdo com lixa especifica para pele e segunda
limpeza com alcool. Os eletrodos foram posicionados de acordo com EMG de
Superficie para Avaliacgio Nao Invasiva de Mduasculos (SENIAM -
http://seniam.org/), conforme segue: Os eletrodos foram colocados no musculo
reto femoral (RF) a 50% na linha do espinha iliaca antero-superior até a parte
superior da patela na direcdo da linha para a parte superior da patela. Para o
musculo vasto medial (VM), os eletrodos foram colocados a 80% na linha entre a
espinha iliaca antero-superior superior € o espacgo articular na frente da borda
anterior do ligamento medial. A orientagdo era quase perpendicular a linha entre a
espinha iliaca antero-superior e o espaco articular na frente da borda anterior do
ligamento medial. Os eletrodos foram colocados no musculo vasto lateral (VL) em
2/3 na linha da espinha iliaca antero-superior até a face lateral da patela. A
orientagao era na diregao das fibras musculares. Os eletrodos foram colocados no
musculo biceps femoral (BF) a 50% na linha entre a tuberosidade isquiatica e o

epicondilo lateral da tibia. A orientacao foi na direcdo da linha entre a tuberosidade
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isquiatica e o epicdndilo lateral da tibia. Para o musculo semitendineo (ST), os
eletrodos foram colocados a 50% na linha entre a tuberosidade isquiatica e o
epicoéndilo medial da tibia. A orientagdo era na diregdo da linha entre a
tuberosidade isquiatica e o epicdndilo medial da tibia. Estudos prévios testaram a
validade e confiabilidade da EMGs para avaliar musculos do membro inferior
(MARK T. CAVANAUGH,SAIED JALAL ABOODARDA, 2017; WATANABE;
AKIMA, 2011)

3.5.2 Conversor Analégico-Digital do Encoder Optico

Arduino A / D ARDUINO ™ Micro; ATmega32U4; 10 bits de resolucao; 0,5 LSB
em linha; + 2 LSB precisao absoluta; taxa de frequéncia maxima = 1 Khz; tempo de
conversdo = 13 a 260 ps; resolugdo maxima = 15.000 amostras por segundo; 8 canais
de entrada multiplexados para uma unica terminagdo, 7 canais de entrada

independentes, tensao de referéncia selecionavel em 2,56 V.

FIGURA 1: Eletromiografo Miotool

Fonte: Elaborado pela autora 2021

3.5.2 Protocolo isoinercial
A Polia Coénica Portatil (IVOLUTION ™ Equipamento Isoinercial, Santa Fé,
Argentina) foi utilizada para realizar o agachamento bipodal até a falha na tarefa. Um
estudo prévio confirmou a confiabilidade da Polia Cénica (MEYLAN et al., 2015). O
final do protocolo foi determinado quando o sujeito relatou exaustado ou quando nao
conseguiu realizar a préoxima repeticao. Os sujeitos foram inicialmente posicionados
com cada pé apoiado em 1 steps com 20 cm de altura (2x20cm). Foram orientados a

manter a distancia dos pés na linha dos ombros. Os participantes foram instruidos a
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aplicar forga maxima durante a fase concéntrica e resistir a frenagem durante a fase
excéntrica (MONAJATI et al., 2018).Cinco repeticdes foram realizadas previamente
ao protocolo para fins de familiarizagao.

O encoder 6ptico incremental-rotacional de alta resolugéo (fase de saida = fase
AB, tipo de saida = coletor aberto NPN, elétrico voltagem= 5-24 V-DC, frequéncia
maxima de resposta = (Diante da impressao) 20 kHz, revolugdo maxima permitida =
2.000 revolugbes / min, coleta de dados real = 600 pulsos / revolugao;
IVOLUTION™ |soinertial Equipamento) foi fixada ao eixo da Polia Cénica Portatil. Um
estudo anterior demonstrou a validade do encoder 6ptico (ERIC J DRINKWATER ,
BROOK GALNA, MICHAEL J MCKENNA, PATRICK H HUNT, 2007). O cabo de saida
foi conectado a uma placa conversora analdgica para digital (ARDUINO™ Micro) que
foi finalmente conectado a um laptop onde os dados foram convertidos usando o
software VALKYRIA™ (IVOLUTION™ [soinertial Equipment).

FIGURA 2: Isoinercial

o0ogEa| e

Fonte: Site da IVOLUTION ™?

' Disponivel em< https://www.ivolution.com.ar > Acesso em: 05 de margo 2021.
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3.6 EXTRACAO DE DADOS

Todas as informagdes foram registradas e processadas offline usando o software
MIOTEC Suite ™ (MIOTEC ™; Biomedical Equipment) e o software VALKYRIA ™
(IVOLUTION ™ |soinertial Equipment). O SEMG e o encoder Optico foram
sincronizados por video. Todo o sinal sEMG foi normalizado. O envelope linear (sinal
eletromiografico integrado ou iIEMG) foi extraido de todo o sinal SEMG para descrever
a intensidade do efeito neuromuscular durante a atividade muscular sustentada
devido a tarefa de agachamento e depois normalizado usando a transformacgao Log1o
(NOBLE et al., 2019) A forca e poténcia maxima e média, concéntrica e excéntrica
foram extraidas a partir do uso do encoder 6ptico de alta resolugdo. A eficiéncia
neuromuscular foi calculada para cada musculo dividido por fase (concéntrico e
excéntrico) usando a raz&o entre a forca média e IEMG normalizada (ARAGAO et al.,
2015)
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3.7 METODOLOGIA DE ANALISE DOS DADOS

Os dados foram fornecidos como médias e desvio padrao. O teste de Shapiro-
Wilk foi usado para testar a normalidade da distribuicdo dos dados, o qual retomou
dados normais. A analise multivariada do modelo linear geral de covariancia foi usada
para avaliar as diferengas individuais entre os grupos e estender a analise levando em
consideragao multiplas variaveis dependentes continuas, agrupando-as em uma
combinacgao linear ponderada (Pillai’'s Trace). Os fatores envolvidos foram “perfil de
aceleracao”, “género” e uma interacao "perfil de aceleragao * género." A covariavel
"numero de repetigdes" foi considerada, e todas as interagdes entre os fatores foram
marcadas para descartar qualquer tendéncia. Todos os dados foram reprocessados
usando a corregao post hoc de Holm para avaliagdes pareadas, evitando-se multiplas
testagens. As diferengas padronizadas para as comparagbes em todas as variaveis
foram analisadas usando o tamanho do efeito de Cohen d (ES). A magnitude do ES
foi interpretada qualitativamente usando os seguintes limiares: <0,2, trivial; 0,2 a 0,6,
pequeno; 0,6 a 1,2, moderado; 1,2 a 2,0, grande; 2,0 a 4,0, muito grande; e> 4,0,
quase perfeito (HOPKINS et al., 2009). A significancia foi estabelecida em 95% (P
<0,05). Todas as analises foram avaliadas usando o software JAMOVI (verséo 1.2;
Projeto JAMOVI, 2020 [https://www.jamovi.org]).
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4 RESULTADOS

Os resultados estao apresentados em forma de artigo, publicado online
em 31/12/2020 na Journal of Sport Rehabilitation, DOI: 1
https://doi.org/10.1123/jsr.2020-0198 (Anexo n°1).
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5 CONSIDERAGOES FINAIS

Perfis de aceleracdo distintos afetam a eficiéncia neuromuscular, a for¢ca e a
poténcia durante as fases concéntrica e excéntrica do exercicio de agachamento
isoinercial. Os perfis de aceleragdo superiores a 2,5 m / s? mostraram niveis
imediatamente mais elevados de poténcia e produgdo de forca com eficiéncia
adicional do sistema neuromuscular. Os perfis de aceleragdo podem ser uma
alternativa para evoluir o exercicio isoinercial.

Para evitar o risco de novas lesdes e possiveis sobrecargas dos tecidos, o
controle da carga aplicada é o cerne da prescricao de exercicios durante um processo
de reabilitacido. O exercicio de agachamento isoinercial fornece uma alternativa viavel
para garantir niveis mais elevados imediatos de poténcia e produgéo de forga sem
privar o sistema neuromuscular, controlando a carga estabelecendo o perfil de
aceleragao do paciente. Os achados acima mencionados podem ajudar e estimular
profissionais da saude a organizar a prescricdo de agachamentos isoinerciais,
especialmente durante a reabilitacdo em estagio avangcado de lesbées musculo-

esqueléticas, quando altas poténcias e saidas de forga sao mais necessarias.
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APENDICE 1 — Termo de Consentimento Livre e Esclarecido

Gostariamos de convidar vocé a participar como voluntario (a) da pesquisa " EFEITOS IMEDIATOS E TARDIOS DO
TREINAMENTO ISOINERCIAL NAS VARIAVEIS BIOMECANICAS POTENCIA E FORGA" O motivo que nos leva a realizar
esta pesquisa é que até o presente momento néo existe estudos que avaliem os efeitos imediatos e tardios do treinamento com
isoinercial nas variaveis biomecanicas de poténcia e forca. Avaliar os efeitos do use do isoinercial pode ser eficiente para propor
intervencdes mais assertivas e direcionadas de acordo com a necessidade de cada paciente. Nesta pesquisa pretendemos "
Analisar os efeitos imediatos e tardios do treinamento isoinercial nas variaveis biomecanicas poténcia e forga"

Caso vocé concorde em participar, vamos fazer as seguintes atividades com vocé: serdo coletados dados como peso, altura
para calculo do IMC e perimetria de membros inferiores. Sera aplicado o questionario internacional de atividade fisica para avaliar
o nivel de atividade fisica, além de medidas de forca e poténcia de membros inferiores. Esta pesquisa tem alguns riscos, que
s@o minimos: risco de queda durante a avaliagdo do salto ou estresse psicologico pela aplicagdo do questionario. Mas, para
diminuir a chance desses riscos acontecerem, o risco de alguma queda durante os procedimentos de avaliagdo de salto sera
minimizado com a presencga de um fisioterapeuta experiente. E apesar de ser improvavel que os questionarios utilizados nesse
estudo causem algum estresse psicoldgico, esse risco sera amenizado realizando as entrevistas em local privativo, resguardando
o sigilo de seus dados.

A pesquisa pode ajudar os fisioterapeutas a prescreverem exercicios de forma mais assertiva e direcionada para seus pacientes.
Como beneficios diretos da participacdo neste projeto de pesquisa os voluntarios receberao relatérios das avaliagdes realizadas
incluindo feedback sobre suas capacidades fisicas e habitos alimentares.

Para participar deste estudo vocé nao vai ter nenhum custo nem recebera qualquer vantagem financeira. Apesar disso, se vocé
tiver algum dano por causadas atividades que fizermos com vocé nesta pesquisa, vocé tem direito a indenizagéo. Vocé tera
todas as informacgdes que quiser sobre esta pesquisa e estara livre para participar ou recusar-se a participar. Mesmo que vocé
queira participar agora, vocé pode voltar atras ou parar de participar a qualquer momento. A sua participacdo é voluntaria e o
fato de néo querer participar nao vai trazer qualquer penalidade ou mudanca na forma em que vocé é atendido (a). O pesquisador
ndo vai divulgar seu nome. Os resultados da pesquisa estardo a sua disposicdo quando finalizada. Seu nome ou o material que
indique sua participagéo nado sera liberado sem a sua permissdo. Vocé nao sera identificado (a) em nenhuma publicagdo que
possa resultar.

Este termo de consentimento encontra-se impresso em duas vias originais, sendo que uma sera arquivada pelo
pesquisador responsavel e a outra sera fornecida a vocé. Os dados coletados na pesquisa ficardo arquivados com o pesquisador
responsavel por um periodo de 5 (cinco) anos. Decorrido este tempo, o pesquisador avaliara os documentos para a sua
destinacéo final, de acordo com a legislagéo vigente. Os pesquisadores tratardo a sua identidade com padrdes profissionais de
sigilo, atendendo a legislagéo brasileira (Resolugcdo N° 466/12 do Conselho Nacional de Saude), utilizando as informacdes
somente para os fins académicos e cientificos.

Declaro que concordo em participar da pesquisa e que me foi dada a oportunidade de ler e esclarecer as minhas
duvidas.

Juiz de Fora, de de 20

Assinatura do Participante

Assinatura do (a) Pesquisador (a)

Nome do Pesquisador Responsavel: Isabella Christina Ferreira

Campus Univesitario da UFJF

Faculdade/Departamento/instituto: Departamento de Fisioterapia da UFJF/GV
CEP: 36036-900

Fone: (33) 991526867

E-mail: isabella.christinaf@hotmail.com
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Acceleration Profiles and the Isoinertial Squatting Exercise:
Is There a Direct Effect on Concentric-Eccentric Force,
Power, and Neuromuscular Efficiency?

Denys Batista Campos, Isabella Christina Ferreira, Matheus Almeida Souza, Macquiden Amorim Jr,
Leonardo Intelangelo, Gabriela Silveira-Nunes, and Alexandre Carvalho Barbosa

Objective: To examine the selective influences of distinct acceleration profiles on the neuromuscular efficiency, force, and power
during concentric and eccentric phases of isoinertial squatting exercise. Design: Cross-sectional study. Setting: Biomechanics
laboratory of the university. Participants: A total of 38 active adults were divided according to their acceleration profiles: higher
(n = 17; >2.5 m/s”) and lower acceleration group (n = 21; <2.5 m/s”). Intervention: All subjects performed squats until failure
attached to an isoinertial conic pulley device monitored by surface electromyography of rectus femoris, vastus medialis, vastus
lateralis, biceps femoris, and semitendinosus. Main Outcome Measures: An incremental optical encoder was used to assess
maximal and mean power and force during concentric and eccentric phases. The neuromuscular efficiency was calculated using
the mean force and the electromyographic linear envelope. Results: Between-group differences were observed for the maximal
and mean force (Prnge = .001-.005), power (P =.001), and neuromuscular efficiency (Prange = .001-.03) with higher significant
values for the higher acceleration group in both concentric and eccentric phases. Conclusion: Distinct acceleration profiles affect
the neuromuscular efficiency, force, and power during concentric and eccentric phases of isoinertial squatting exercise. To ensure
immediate higher levels of power and force output without depriving the neuromuscular system, acceleration profiles higher than

2.5 m/s” are preferable. The acceleration profiles could be an alternative to evolve the isoinertial exercise.

Keywords: flywheel, resistance training, torque, electromyography, inertial

Isoinertial technology is a gravity-independent system. The
equipment uses the moment of inertia of a rotatory wheel or conical
pulley over the concentric phase while braking to resist against
the accumulated kinetic energy until stopping the wheel or conical
pulley at the end of the eccentric phase.!:> Traditional gravity-
dependent weight training employs constant external load, result-
ing in submaximal eccentric actions, whereas isoinertial systems
are supposed to allow maximal voluntary contraction during the
eccentric phase.” Eccentric training for injured tendons leads to a
reduction in pain, decreased stiffness in the tendon, increased
neovascularization, and enhanced neuroplasticity.*> The existence
of such eccentric overload during the isoinertial exercise seems to
be highly associated with the increase in muscle force production
but not with increases in muscle mass.® A possible explanation is
that the eccentric contractions are characterized by higher activity
of type II fibers and greater cortical activity, resulting in greater
power and muscle activation compared with free-weight resistance
exercises.”

The aforementioned neural factor relates particularly to the
firing rates of the motor units during muscle contraction, that is, the
greater the number of recruited motor units, the greater the
muscle’s force.® However, more efficient individuals show the
ability to produce greater muscle force with a lower magnitude of
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Musculoskeletal Research Group—NIME, Department of Physical Therapy, Fed-
eral University of Juiz de Fora, Juiz de Fora, Brazil. Intelangelo is with the
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Center for Assistance, Teaching and Research—CUADI, Universidad del Gran
Rosario—UGR, Rosario, Argentina. Barbosa (alexwbarbosa@hotmail.com) is
corresponding author.

muscle fiber activation.®* '’ Biomechanically, the neuromuscular
efficiency is calculated through the ratio between the amount of
neural stimulus and the capacity to generate force that a muscle
has.®1° The concept is very useful to establish the most efficient
way of performing an exercise by interfering in any parameter of
exercise prescription that may enhance the performance. For
rehabilitation, the concept has been used during the preoperative
and postoperative periods and to compare the injured limb at these
2 times using the nonoperated limb as a control.-!!

Several studies examined the mechanical demands and over-
load characteristics of isoinertial resistance.'=%!> Most of them
examined the overload using single-joint exercises but, to our
knowledge, few studies considered the neural factors associated
with each phase of the isoinertial exercise and none included the
neuromuscular efficiency as a variable. The improvements in
exercise performance during an isoinertial task can be assessed
by checking the increases in the mean and maximal power values
during the concentric and eccentric phases,'* and the surface
electromyography (SEMG) enables the assessment of muscle
excitation.®?

Absolute and relative elements define the resistance in the
isoinertial devices. The absolute elements are the mass and radius
of the disc/cone, whereas the relative elements include the gener-
ated angular acceleration and the perpendicular distance of the
tether to the center of the disc.!*!S The relative elements change
according to a combination of developed force and power mainly
driven by the segment or body acceleration while the exercise is
performed. Thus, higher acceleration profiles are also supposed to
produce higher force production even with nonmaximal loads. ' The
conical pulley tends to be most efficient when the force is applied
throughout the full concentric phase at maximal velocity.'2!”
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The isoinertial training has shown evident potential as an
effective tool for muscle injury rehabilitation due to its positive
training effects. The improvements in strength, hypertrophy, mus-
cle activation, and muscle length lead to positive adaptations and
muscle healing.'# An efficient functional strength training asso-
ciated with performance increments using an isoinertial device
should include the measurement of the power output during the
concentric and eccentric phases.!” This power control output
becomes more important during rehabilitation due to the risk of
overloading the musculoskeletal structures and possible reinju-
ries.'"20 However, there are some technical difficulties to acquire
power and force data from isoinertial devices. It is also a challenge
to control the relative elements during the concentric—eccentric
phases while assessing the acceleration, power, force, and the
neural element during a complex closed kinetic chain task, such
as squatting. Controlling the exercise execution in those devices is
very difficult due to the lack of inexpensive, easy to read systems.
As the system overload is based on inertia, the acceleration is
closely linked to force and power production during isoinertial
tasks. An alternative to characterize such overload is to assess
differences between higher and lower acceleration profiles.

Based on the lack of studies associating the aforementioned
parameters, biomechanical demands of each phase must be exam-
ined to appropriately integrate the isoinertial resistance training as
an overload mechanism. The purpose of the present study was to
examine the selective influences of distinct acceleration profiles on
the neuromuscular efficiency, force, and power during concentric
and eccentric phases of isoinertial squatting exercise. The primary
hypothesis is that acceleration profiles would present distinct
biomechanical results during the isoinertial squatting task. The
secondary hypothesis is that acceleration profiles could be an
alternative to evolve the isoinertial exercise by characterizing the
imposed biomechanical demands without expensive or difficult-to-
read devices.

Methods

Participants

The International Physical Activity Questionnaire (Brazil)*! was
used to assess the participants’ level of physical activity, and 38
very active subjects (25 d/wk and 230 min per session of training)
participated in this cross-sectional study (Table 1). The subjects
were recruited by public invitation through fliers and personal
contacts. They were divided, using a median split analysis,?? into 2
groups according to their maximum acceleration profile during
isoinertial squatting task: higher (H-ACC: >2.5 m/s?) and lower
acceleration group (L-ACC: <2.5 m/s®). The profile was deter-
mined based on data of an inertial sensor that encompasses a 3-axis
accelerometer, a magnetic sensor, and a 3-axis gyroscope (BTS™
Bioengineering Corp, Quincy, MA). Subjects were assessed in the
biomechanical laboratory facilities at the Federal University of Juiz
de Fora—Campus Governador Valadares (Minas Gerais, Brazil)
between June 2019 and November 2019. All assessments were
provided onsite. The objectives of the study were explained to the
subjects, and they were notified of the benefits and potential risks
involved before signing an informed consent form before partici-
pation. The ethics committee for human investigation of the
Federal University of Juiz de Fora approved the procedures
employed in the study (number 25305219.4.0000.5147).
Participants were considered healthy if they exhibited a full,
pain-free range of motion and no symptoms in the anamnesis.

Table 1 Participants’ Characteristics

Outcome Higher Lower P

n (Yomale/female) 17 (70/30) 21 (43/57) .08*
Age, y 23 (3) 24 (4) 170
Height, m 1.76 (0.1) 1.71 (0.07) .82°
Weight, kg 71 (12) 72 (15) 25°
BMI, kg/m® 25 (4.3) 23 (24) 08¢
Training experience 42 4 (3) 99
Rep 58.6 (20.4) 48.4 (25.2) 16°
ACC,a, m/s” 2.99 (0.28) 2.14 (0.26) .0001°
ACC, o, M/s? 2.00 (0.27) 1.47 (0.28) 0001°

Abbreviations: ACC, acceleration; BMI, body mass index; max, maximal; Rep,
repetitions until failure.
Chi-square test. "Student ¢ test. “Mann-Whitney U test.

Individuals in both groups were excluded if they had knee-hip
related symptoms, a history of patella dislocation or lower limb
surgery, cortisone injections within the last 6 months, systemic and
neurological reported diseases, and history of lower limb fracture
or surgery. No subject reported participation in an unusually
strenuous activity 48 hours before the testing session.

Procedures

Surface Electromyography. An acquisition module with 8 analog
channels (Miotec™; Biomedical Equipments, Porto Alegre, RS,
Brazil) continuously recorded the biological signals (see
Supplementary Material [available online] for detailed description).
Previous studies tested the validity and reliability of the sSEMG to
assess lower limb muscles.?*?*

Isoinertial Protocol. The Portable Conic Pulley (ivoLuTiON™
Isoinertial Equipment, Santa Fe, Argentina) was used to perform
double-leg squats until task failure. A previous study confirmed the
reliability of the Portable Conic Pulley.?® The end of the protocol
was determined when the subject reported exhaustion or when he/
she was not able to perform the next repetition. The subjects were
initially positioned with their feet on 2 X 20-cm step supports. The
feet width was based on the shoulder line. The participants were
instructed to apply maximum force during the concentric phase and
resist braking during the eccentric phase.? Five repetitions were
allowed for familiarization purposes.

The high resolution incremental-rotational optical encoder (out-
put phase = AB phase, output type = NPN open collector, electrical
supply voltage=5-24 V-DC, maximal frequency of response=
20 kHz, maximal allowable revolution=2000 revolutions/min,
actual data collection = 600 pulses/revolution; ivoLuTioN™ Isoinertial
Equipment) was attached to the axis of the Portable Conic Pulley. A
previous study demonstrated the optical encoder’s validity.2® The
output cable was attached to an analog-to-digital converter board
(ArRDUINO™ Micro; see Supplementary Material [available online] for
additional description) that was finally attached to a laptop where the
data were converted by using the vALKYRIA™™ Software (ivoLuTION™
Isoinertial Equipment).

Data Extraction

All pieces of information were recorded and processed offline
using the software miotec Suite™ (mioTec™; Biomedical Equip-
ments) and the valkyria™ Software (rvoLution™ Isoinertial
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Equipment). The sEMG and the optical encoder were video
synchronized. The whole SEMG signal was smoothed. The linear
envelope (integrated electromyographic signal or iEMG) was
extracted from the whole SEMG signal to describe the intensity
of the neuromuscular effect during the sustained muscle activity
due to the squat task and then normalized using the Logiq
transformation.?” The maximal and mean concentric and eccentric
force and power were extracted using the high-resolution incre-
mental-rotational optical encoder. The neuromuscular efficiency
was calculated for each muscle split by phase (concentric and
eccentric) using the ratio between the mean force and normal-
ized iIEMG.®

Statistical Analysis

Data were presented as means and SD. The Shapiro-Wilk test was
used to test the distribution of the data. The normality was accepted,
and the multivariate analysis of covariance general linear model
was used to assess between-group individual differences and to
extend the analysis by taking into account multiple continuous
dependent variables, bundling them together into a weighted linear
combination or composite variable (Pillai’s Trace). The analyzed
factors were “acceleration profile,” “gender,” and the interaction
“acceleration profile*gender.” The covariate “number of repeti-
tions” was considered, and all interactions among factors were
checked to discard any bias. All data were reworked using the
Holm post hoc test. The standardized differences for the compar-
isons in all variables were analyzed using Cohen d effect size (ES).
The magnitude of the ES was qualitatively interpreted using the
following thresholds: <0.2, trivial; 0.2 to 0.6, small; 0.6 to 1.2,
moderate; 1.2 to 2.0, large; 2.0 to 4.0, very large; and >4.0, nearly
perfect.?® The significance was set at P<.05. All analysis was
performed using the samovi software (version 1.2; The jamovi
project, 2020 [retrieved from https://www jamovi.org]).

Results

Multivariate Composite Comparison

No co-interventions were performed in either group, and no
adverse effects were reported by any participant during the assess-
ments. Group differences were noted only for the composite factor
“acceleration profile” (Pillai Fz> =43.41; P=.02). No other
interactions were observed among factors or considering the
covariable “number of repetitions.”

Univariate Comparisons

Between-group differences were observed for the maximal and
mean force with higher significant values in both concentric
(maximal concentric force: 530 [149] vs 411 [57] N [F=9.22;
P=.005; ES=1.09]; mean concentric force: 381 [60] vs 282
[61] N [F=19.98; P=.001; ES=1.61]) and eccentric phases
(maximal eccentric force: 547 [89] vs 407 [87] N [F=19.29;
P=.001; ES=1.58]; mean eccentric force: 347 [76] vs 267
[64] N [F=10.03; P=.004; ES = 1.14]) for the H-ACC (Figure 1).
The ESs ranged from moderate to large.

The analysis of power also showed the H-ACC producing
significant greater concentric (maximal concentric power: 399 [80]
vs 254 [77] W [F=26.25; P=.001; ES = 1.84] and mean concen-
tric power: 277 [60] vs 171 [58] W [F=25.06; P=.001; ES=
1.80]) and eccentric values (maximal eccentric power: 263 [61] vs
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178 [57] W [F=16.10; P=.001; ES = 1.44] and mean eccentric
power: 152 [41] vs 94 [29] W [F=21.47; P=.001; ES=1.67])
compared with the L-ACC (Figure 1). All ESs were classified
as large.

Figure 2 summarizes the neuromuscular efficiency results.
Differences and moderate to large ESs were observed for all
muscles in the between-group analysis in concentric phase with
greater values for the H-ACC compared with the L-ACC (rectus
femoris: 108 [17] vs 81 [18] N/uV/s [F=13; P=.001; ES = 1.47],
vastus medialis: 97 [24] vs 73 [17] N/uV/s [F=12.3; P=.001;
ES=1.17], vastus lateralis: 30 [6] vs 22 [5.3] N/uV/s [F=15.8;
P=.001; ES =1.51], biceps femoris: 29 [10] vs 21 [4] N/uV/s
[F=8.48; P=.007; ES =0.95], and semitendinosus: 11 [2.5] vs 8
[2.3] N/uV/s [F=9.13; P=.005; ES = 1.2]). The eccentric phase
analysis showed the same behavior for all muscles with signifi-
cantly higher values for the H-ACC (rectus femoris: 98 [22] vs 77
[18] [F=8.83; P =.006; ES = 1.07], vastus medialis: 30 [5] vs 22
[S]N/UV/s [F=15.99; P = .001; ES = 1.44], vastus lateralis: 27 [8]
vs 19.7 [5] N/uV/s [F=11.25; P=.002; ES =1.21], biceps fe-
moris: 9 [2] vs 6.5 [2] N/uV/s [F=11.41; P=.002; ES = 1.21], and
semitendinosus: 10 [4] vs 7.68 [2] N/uV/s [F=5.25; P=.03;
ES =0.82]). Moderate to large ESs were observed.

Discussion

The present study examined the differences between 2 acceleration
profiles on the mean and maximal concentric—eccentric force,
power, and neuromuscular efficiency during the isoinertial squat.
All variables showed a predominance of the H-ACC over the
L-ACC group with moderate to large estimated ESs, suggesting
that acceleration may be used as a guide to prescribe and evolve
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Figure 1 — Maximal and mean power and force comparisons. Con

indicates concentric; Ecc, eccentric; H-ACC, higher acceleration group;
L-ACC, lower acceleration group. *Significant differences assigned
(P<.05).
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Figure 2 — Neuromuscular efficiency comparisons. H-ACC indicates higher acceleration group; L-ACC, lower acceleration group. *Significant

differences assigned (P < .05).

the isoinertial exercising routines. The force output is a product of
2 factors: the applied mass (or load) and the acceleration used to
perform the task. !¢ In fact, the force results were expected, as
greater amounts of force against the ground have to be achieved
to accelerate faster and overcome the moment of inertia.2? Both
power and force output are important and much-discussed param-
eters in isoinertial literature, and, therefore, they were also
evaluated in this study. The group developing higher acceleration
was supposed to generate greater torque than the L-ACC due
to higher braking and propulsive forces during sequential decel-
erations and accelerations typical of isoinertial devices.! As
observed, the larger acceleration impulse in vertical direction
yielded larger effect magnitudes during the isoinertial squat,
indicating a role of acceleration variables for characterizing the
imposed overload. This is particularly important as the absolute
elements of isoinertial load were kept the same across both
groups. The force findings were probably due to relative elements,
mainly to the generated angular acceleration, as the perpendicular
distance of the tether to the center of the axis was also the same
for all participants. A review has mentioned the need to define
isoinertial protocols optimizing exercise benefits, ensuring that
users are not underloaded or at risk of being overloaded, possibly
leading to injuries.3® As the most appropriate dose-response
trends for isoinertial training are not yet available to optimize
the increase in force,® the acceleration profiles seem to be an
interesting way to enable certain control of the magnitude of the
generated force and power while the exercise is performed during
sports rehabilitation, as inertial sensors are inexpensive, provide
easy-to-read data, and are widely available. Smartphone built-in
sensors (accelerometers, gyroscopes, and magnetometers) have
proven to be a reliable tool to assess real-time body move-
ments.?'*> The recommendation for more demanding biofeed-
back applications is that sensor inaccuracy biases should be
compensated by online and/or off-line algorithms and filters.??
There are several applications to assess the acceleration using
built-in sensors. They should be carefully chosen considering
validating studies against gold-standard devices.

Meanwhile, force, power, and velocity have been considered
as key parameters to establish the best specificity on exercise
training to enhance athletic performance and for rehabilitation

progression.>>—® Some studies already showed the close relation-
ship between those variables and athletic performance. One of
those examined 2 maximal acceleration groups of male profes-
sional soccer players.?? The influence of the maximum acceleration
was assessed on linear sprint speed, sprint momentum, vertical
jump performances, and capability on change of direction speed. A
selective effect of the maximum acceleration ability was observed,
as the H-ACC group showed better performances than the L-ACC
group in all measurements. These findings are partially followed by
those presented in the present study, as the acceleration was an
important factor splitting groups whether the power and force have
changed. However, despite the ability to generate more power
and velocity, the H-ACC group was not as efficient at changing
directions to counterbalance the mechanical consequences of the
generated inertia, which may suggest deficits in neuromuscular
coordination. A previous study suggests that technical compensa-
tions are needed in higher inertias to keep the upright posture and
movement control due to the nature of squatting using isoinertial
devices.*” Neuromuscular input is, then, an essential aspect of
multijoint isoinertial exercise.

Evidence of muscle architectural changes during short periods
of isoinertial training may contribute to the early onset of the
increased force-producing capacity (10-20 d produced increased
muscle fascicle length and pennation angle paralleling muscle
hypertrophy).”*** However, the neuromuscular adaptations are
more prone to occur in resistance exercises before structural
changes. Neural adaptations are more evident during the isoinertial
training than those experienced with exercise using weights.*¢
Those adaptations are usually assessed by increased maximal
sEMG activity, which is a very interesting outcome but does
not fully explain the interactions between the neuromuscular
system and the impact of such coordination to the performed
task. The neuromuscular efficiency is more related to the level
of muscle excitation, whereas the force is developed in a functional
task or movement.®'° Compared with the L-ACC, the H-ACC
group was more efficient (more force output per unit of SEMG)
along with the squatting task in both concentric and eccentric
phases. Other studies highlighted the neuromuscular efficiency in
several conditions as a performance measurement.®*'® A nona-
dapted neuromuscular system may increase energy expenditure
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and can also be associated with the clinical presentation of injury
symptoms.*! Conversely, an efficient neuromuscular system would
provide improvements in task performance. In fact, despite no
significant differences in the number of repetitions compared with
the L-ACC group, the H-ACC group developed relevant additional
10 repetitions on average with less effort and greater power/force
outputs. The subject would impose more body acceleration during
the eccentric phase, letting the body loose. The braking effect
would then be compensated for, resulting in less muscle recruit-
ment as the eccentric phase would be easier to perform. However,
the cyclic nature of the task would not allow that strategy. To close
the cycle, the concentric phase should also be looser due to the
same inertia along with the overall squatting task. That is not
possible due to the pushing action required to accelerate the body
during the knee’s extension in a closed kinetic chain.!”*7 As the
maximal and the mean acceleration were higher in both concentric
and eccentric phases, the strategy would probably lead to incoor-
dination to perform the squat. Therefore, the neuromuscular effi-
ciency (as the force and the power outputs) is attached to the
cycling nature of the task due to similar inertial demands in both
concentric and eccentric phases. No studies established an adequate
minimal dose to induce the desired beneficial effects prompted by
the isoinertial paradigm® regardless of other studies that have
shown the acute effect of isoinertial exercise to facilitate more
muscle involvement than other resistance exercise methods
(ie, increased muscle excitation, postactivation potentiation, along
with other unidentified spinal/supraspinal mechanisms that facili-
tate motor unit recruitment),30.42.43

Progressive loads seem to be well established as an alternative
to evolve the resistance exercise, including those using the iso-
inertial paradigm.*” The Achilles tendon and patellar tendon both
react positively to eccentric training, eccentric training improves
outcomes in patients with lateral and medial epicondylosis, and
shoulder rotation eccentric training is effective for subacromial
pain syndrome.**445 Despite those findings, a systematic review
concluded that there is not enough evidence for isolating the
eccentric component during the rehabilitation of tendinosis.*®
Therefore, it has been suggested to use exercises with both a
concentric and eccentric component. The isoinertial training would
be an ideal choice for tendinosis rehabilitation, as it has both
concentric action and eccentric overload.® A study used the veloc-
ity and 6 progressive loads during squat exercise to explore the
load—velocity relationship in monitoring the isoinertial intensity in
17 young subjects (1 female).’” However, both parameters were
used simultaneously. As expected, when the loads were increased,
the velocity decreased. To ensure the parameter as a factor of
control, its contribution to the overall biomechanical scenario has
to be assessed in a multivariate approach. Also, despite considering
the velocity as an important factor of the subject’s profile, the
acceleration provides an inclusive biomechanical overview to
understand the isoinertial-based system as a direct part of the force
and power product.''>*7 The authors acknowledge the principle of
individualizing the exercise prescription according to the subject’s
needs and perception.*’** However, the studies involving the
isoinertial paradigm exercise often describe the achieved outcome
without focusing on variables to guide the exercise prescrip-
tion.!6.12.3% The present study described the acceleration profile
as an adequate parameter to include the expected outcomes in 2
different levels of effort, including novel data about neuromuscular
efficiency. To our knowledge, this is the first attempt to assess this
question during the isoinertial squat in active adults. Late-stage
rehabilitation of musculoskeletal injuries that requires training of

Acceleration Profiles and Isoinertial Squatting 5

the kinetic chain and explosive power training may benefit from
isoinertial training, as it addresses both. Thus, the isoinertial
exercise may be used for different injuries when return to sports
or work is needed.!** For example, a tennis player with rotator
cuff injury may benefit from sport-specific exercises that mimic a
backhand movement, which can improve functional outcomes
benefiting return to play.** A field hockey player after an anterior
cruciate ligament reconstruction in late-stage rehabilitation could
perform isoinertial squat exercises, which are closely related to
field hockey movements and can improve aspects of the neuro-
muscular system.>¢

Some limitations must be addressed. The sample was com-
posed of young active adults counterbalanced by gender split.
However, other ranges of age may behave differently. Due to the
sample size, only 2 profiles were used, H-ACC and L-ACC,
limiting the conclusions to these groups. As the acceleration ranged
from 2.60 to 3.60 mfsl, more profiles can be defined to further
evolvement of the exercise. However, considering the usual human
ability to accelerate the body throughout a squat safely, the authors
understood that those 2 profiles would well represent the majority
spectrum of the young active population. The exercise was per-
formed without rest intervals until exhaustion to allow multiple
sequences of squats to assess the outcome variables with a greater
sample of cycles. Other volumes with periods of recovery may
present more expressive results, as the neuromuscular system
would be able to recover part of the expended energy. Finally,
other devices may evoke different results, as the conic pulley
enables lower loads and the possibility of higher accelerations
due to the variable radius while each phase is performed.

Conclusion

Distinct acceleration profiles affect the neuromuscular efficiency,
force, and power during concentric and eccentric phases of isoinertial
squatting exercise. The acceleration profiles higher than 2.5 m/s
showed the immediate higher levels of power and force output with
additional efficiency of the neuromuscular system. The acceleration
profiles could be an altemnative to evolve the isoinertial exercise.

Clinical Implications

To avoid the risk of reinjuries and possible tissue overloads,
controlling the applied load is the core of exercise prescription
during a rehabilitation process. The isoinertial squatting exercise
provides a viable alternative to ensure immediate higher levels of
power and force output without depriving the neuromuscular
system, controlling the load by establishing the patient’s accelera-
tion profile. The aforementioned findings may help and stimulate
clinicians to organize the prescription of isoinertial squats, espe-
cially during late-stage rehabilitation of musculoskeletal injuries
when high power and force outputs are most required.
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