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NOGUEIRA, Felipe Romano Damas. Comparac¢io entre o dano muscular de flexores do
cotovelo e extensores do joelho em idosos. 56f. Dissertagcdo (Mestrado em Educacgao Fisica) -
Faculdade de Educagao Fisica, Universidade Estadual de Campinas, Campinas 2013.

RESUMO

Esta dissertacdo € composta de uma introducdo e um artigo cientifico original intitulado
“Comparison in responses to maximal eccentric exercise between elbow flexors and knee
extensors of older adults” aceito para publicacdo em revista especializada da area. O exercicio
excéntrico (EE) médximo resulta em significativo dano muscular principalmente em individuos
nao habituados a este tipo de exercicio. A magnitude do dano muscular é menor quando o EE ¢é
realizado com os musculos extensores do joelho do que quando realizado com os flexores do
cotovelo em jovens, provavelmente gracas a um efeito protetor nos membros inferiores conferido
por maior exposi¢do dos extensores do joelho as contracdes excéntricas das atividades de vida
didria. No entanto, ainda no se sabe se este também & o caso para individuos idosos. E possivel
que a diferenca de dano muscular entre flexores do cotovelo e extensores do joelho seja menor
para idosos, uma vez que atividades didrias possam estar reduzidas ou mesmo devido as
alteracdoes neuromusculares com o envelhecimento o que promoveria menor adaptabilidade as
atividades de vida didria. Desta forma, o presente estudo testou a hipétese que a suscetibilidade
ao dano muscular seria similar entre flexores do cotovelo e extensores do joelho para individuos
idosos. Oito voluntdrios idosos (61,6 £ 1,8 anos) realizaram 5 séries de 6 contracdes excéntricas
méximas 2 velocidade de 90°s™' com os flexores do cotovelo (amplitude de movimento: 80-20°)
e extensores do joelho (30-90°) utilizando membros ndo dominantes em ordem randomizada com
duas semanas de pausa entre as sessdoes. Foram medidos os torques voluntirios maximos
isométrico e concéntrico, angulo 6timo, amplitude de movimento, dor muscular analisada por
escala analdgica visual e atividade de creatina quinase (CK) imediatamente apds (exceto a CK), e
24, 48, 72 e 96 horas ap6s o EE. As mudangas normalizadas nas varidveis dependentes apos o
protocolo foram comparadas entre flexores do cotovelo e extensores do joelho utilizando-se do
modelo misto de andlise, seguido do teste post-hoc de Tukey, quando apropriado. Os resultados
indicaram que somente o torque voluntdrio maximo isométrico € a amplitude de movimento
demonstraram significantes efeitos de grupo (p < 0,05) para a comparacdo entre flexores do
cotovelo e extensores do joelho. Adicionalmente, ndo foi encontrada interagdo grupo vs. tempo (p
> 0,05) para nenhuma das varidveis dependentes comparando entre flexores do cotovelo e
extensores do joelho dos idosos. Estes resultados sugerem que os extensores do joelho de idosos
sao relativamente tdo suscetiveis ao dano muscular quanto os flexores de cotovelo, ou, a0 menos,
a diferenca entre membros € pequena para os 1dosos.

Palavras-Chaves: Envelhecimento, maxima contracdo isométrica voluntdria, amplitude de
movimento, dor muscular de inicio tardio, creatina quinase.
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NOGUEIRA, Felipe Romano Damas. Muscle damage comparison between elbow flexors and
knee extensors in older adults. 56f. Dissertacdo (Mestrado em Educacgao Fisica) - Faculdade de
Educagdo Fisica, Universidade Estadual de Campinas, Campinas 2013.

ABSTRACT

This dissertation is composed of an introduction and an original article entitled “Comparison in
responses to maximal eccentric exercise between elbow flexors and knee extensors of older
adults” accepted to publication on a specialized journal. Unaccustomed eccentric exercise
induces significant muscle damage. The magnitude of muscle damage is greater for the elbow
flexors (EF) compared to the knee extensors (KE) following eccentric contractions (ECC) for
young subjects, probably due to a protective effect of the lower limb muscles conferred by
greater exposure of KE to ECC performed in daily activities. However, it is not known if it is also
the case for old subjects. It is possible that the difference in muscle damage between EF and KE
is smaller for old individuals, since daily activities can be reduced or even due to neuromuscular
disorders with aging what could promote lower adaptability to activities of daily living.
Therefore, the present study compared between elbow flexors (EF) and knee extensors (KE) for
their susceptibility to eccentric exercise-induced muscle damage in older adults to test the
hypothesis that muscle damage would be similar between EF and KE of this population. Eight
old (61.6 + 1.8 years) participants performed 5 sets of 6 maximal isokinetic (90°s™) eccentric
contractions (ECC) of the EF (range of motion: 80-20°) and KE (30-90°) with the non-dominant
limb in a randomised, counterbalanced order with 2 weeks between bouts. Maximal voluntary
isometric (MVC-ISO) and concentric contraction torque, optimum angle, range of motion
(ROM), muscle soreness and serum creatine kinase (CK) activity were measured before,
immediately after (except CK), and 24, 48, 72 and 96 hours following ECC. Normalised changes
in the variables following ECC were compared between EF and KE by a mixed model analysis.
The results showed that only MVC-ISO and ROM demonstrated significant group effects (p <
0.05) for the comparison between EF and KE. Additionally, no significant group vs. time
interaction (p > 0.05) were found for the older adults between EF and KE for the changes in any
of the dependent variables. These results suggest that the KE of older adults are relatively as
susceptible to muscle damage as their EF, or at the very least, the difference between EF and KE
are small for older adults.

Key words: Ageing; maximal voluntary isometric contraction; range of motion; delayed onset
muscle soreness; creatine kinase.
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ANOVA = analyses of variance

CAPES = Coordination for the Improvement of Higher Education Personnel
CK = creatina quinase / creatine kinase

CV = coefficient of variation

DOMS = muscle soreness

ECC = eccentric exercise

EE = exercicio excéntrico

EF = elbow flexors

FAEPEX = Fund for the Support of Education, Research and Extension
KE = knee extensors

MVC-CON = maximal voluntary concentric contraction torque
MVC-ISO = maximal voluntary isometric contraction torque

OA = optimum angle

ROM = range of motion

SEM = standard error of the mean
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1 Introducao

O exercicio excéntrico (EE) induz dano muscular principalmente em individuos nao
habituados a este tipo de exercicio (CLARKSON e HUBAL, 2002). O EE € capaz de alongar em
excesso os sarcomeros (primeiramente os sarcomeros mais fracos e, progressivamente, atingindo
os mais fortes) fazendo com que na fase de relaxamento os filamentos miofibrilares possam nao
conseguir se reconectar perfeitamente, resultando em rompimento sarcomeral (PEAKE et al.,
2005). Este processo pode se estender por dreas adjacentes, ocasionando rompimentos em
membranas celulares, reticulo sarcoplasmatico, tibulos T, sarcolema e tecido conectivo
(MCHUGH, 2003; PEAKE et al., 2005). Adicionalmente aos prejuizos estruturais, ha também
alteracdes fisiologicas, pois a perda de integridade do sarcolema e tdbulos T deteriora a
propagacdo do sinal elétrico para a contracdo muscular, que, consequentemente, compromete a
funcdo contratil muscular (GIBALA et al., 1995; RONNESTAD et al., 2007). Desta forma, estes
processos sdo refletidos em reducdo da capacidade de geracdo de for¢a muscular e amplitude de
movimento, aumento do angulo 6timo (angulo correspondente a0 méximo torque possivel), dor
muscular de inicio tardio, circunferéncia de membro, intensidade echo e na atividade sanguinea
de proteinas como a creatina quinase (CK) e a mioglobina (CLARKSON e HUBAL, 2002;
CHEN et al., 2011; CONCEICAO et al., 2012). A modificacdo destas varidveis, denominadas
marcadores indiretos de dano muscular, reflete a magnitude do dano muscular induzida por EE,
que pode ser influenciada por fatores como grupo muscular utilizado (JAMURTAS et al., 2005;
SAKA et al., 2009; CHEN et al., 2011). Especificamente com relacdo ao grupo muscular, tem
sido demonstrado em jovens, que os musculos de membros superiores sdo mais suscetiveis ao
dano muscular que os de membros inferiores (JAMURTAS et al., 2005; SAKA et al., 2009;
CHEN et al., 2011). Estes estudos verificaram maiores redu¢des na for¢ca muscular e atividade de
CK ap6s EE de flexores do cotovelo comparado a extensores do joelho. Jamurtas e colaboradores
(2005), realizaram EE submdximo e ndo encontraram diferencas entre membros para amplitude
de movimento e dor muscular. No entanto, quando o EE ¢ realizado em intensidade maxima, até
mesmo a amplitude de movimento e dor muscular indicaram diferencas significantes entre
membros, quando comparado os flexores do cotovelo com os extensores do joelho (SAKA et al.,

2009; CHEN et al., 2011). Adicionalmente, os resultados de angulo 6timo, circunferéncia de
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membro, concentracio de mioglobina e intensidade eco de ultrassom corroboram com a
conclusdo de maior suscetibilidade ao dano muscular para membros superiores (CHEN et al.,
2011).

Explicacdes possiveis para a diferenca na suscetibilidade ao dano muscular entre a
musculatura de membros inferiores (e.g. extensores do joelho) e a de membros superiores (e.g.
flexores do cotovelo) de jovens podem ser as diferentes arquiteturas (FRIDEN e LIEBER, 2001)
e composicdes de tipos de fibras musculares (FRIDEN et al., 1983; JONES et al., 1986). Quanto
a arquitetura muscular, sugere-se que musculos fusiformes, como o biceps braquial, seriam mais
suscetiveis ao dano muscular que musculos penados (como o quadriceps, multipenado)
(JAMURTAS et al., 2005). No que concerne a composicao de tipos de fibras, foi sugerido
anteriormente que fibras tipo II seriam seletivamente danificadas durante o EE (FRIDEN et al.,
1983; JONES et al., 1986; CHAPMAN et al., 2013). Johnson et al. (1973) mostraram que em
jovens os musculos flexores do cotovelo apresentam menos fibras tipo II (tipo 1:46%, tipo
II:54%) do que extensores do cotovelo (tipo 1:33%, tipo 11:67%). Porém, Chen et al. (2011) ndo
encontraram diferencas significativas entre os marcadores de dano muscular apds contragdes
excéntricas maximas entre flexores e extensores do cotovelo. Além disso, os musculos extensores
do joelho mesmo contendo mais fibras tipo II (tipo 1:40%, tipo 11:60%) que os flexores do joelho
(tipo 1:60%, tipo 11:40%) (JOHNSON et al., 1973), ndo apresentam maior magnitude de dano
muscular que os musculos flexores do joelho (CHEN et al., 2011). Desta forma, a composicao do
tipo de fibras, ou mesmo diferentes arquiteturas (flexores do cotovelo sao fusiformes e extensores
do cotovelo s@ao multipenados, no entanto nao houve diferenca quanto ao dano muscular)
parecem ndo ser os fatores mais importantes no que diz respeito a magnitude do dano muscular,
e, portanto, pelo menos em jovens, ndo explicariam as diferentes respostas de dano muscular
encontradas entre os musculos analisados.

Porém, com o envelhecimento, as fibras tipo II sdo reduzidas decorrentes do processo
de sarcopenia (LEXELL et al., 1983; LEXELL, 1995; MONEMI et al., 1998), o que parece ser
resultado de uma ligacdo prejudicada entre motoneurdnio e fibra muscular (LEXELL, 1995).
Quando comparados individuos idosos e jovens, mostrou-se que a porcentagem de fibras tipo II
no biceps braquial (flexor do cotovelo) — aproximadamente 60% — nao foi diferente entre as
populacdes (KLEIN et al., 2003). Para o vasto lateral (musculo extensor de joelho), a propor¢dao

média de fibras tipo II também niao foi afetada pela idade (51% aos 20 anos; 55% aos 80 anos)
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(LEXELL et al.,, 1988). Portanto, ¢ possivel que também para os idosos a composi¢do e
propor¢dao dos tipos de fibras nos diferentes membros podem ndo ser os principais
influenciadores de diferentes magnitudes de dano muscular assim como sugerido em jovens
(CHEN et al., 2011).

Por outro lado, as diferencas encontradas entre flexores do cotovelo e extensores do
joelho em jovens parecem ser mais bem explicadas por uma maior exposi¢cdo dos musculos
extensores do joelho as contracdes excéntricas submdximas envolvidas em atividades de vida
didria (e.g. andar colina abaixo ou descer escadas) (JAMURTAS et al., 2005; CHEN et al., 2011).
E bem descrito na literatura que EE prévio promove um efeito protetor, denominado efeito de
carga repetida, atenuando significativamente a magnitude de dano muscular numa sessao
subsequente de EE (CLARKSON e HUBAL, 2002; MCHUGH, 2003; HOWATSON et al., 2007,
CHEN et al., 2009). Porém, com o avancar da idade hd uma reducdo nos niveis de atividade
fisica, i.e., idosos geralmente sdo menos ativos que adultos jovens (DIPIETRO et al., 1993;
CHODZKO-ZAJKO et al., 2009). Westerterp e Meijer (2001) demonstraram com o uso de
técnica de dgua duplamente marcada que o nivel de atividade fisica, estimada pela razao entre
energia gasta total e taxa metabdlica basal, foi diferente comparando individuos jovens (1,76 +
0,20) e idosos (1,62 + 0,26). Em adicdo, Black e colaboradores (1996) utilizando anélise de
regressdao multipla para os efeitos da idade, altura e massa corporal na energia gasta em
atividades didrias medida usando dgua duplamente marcada, reportaram que individuos mais
velhos possuem menores niveis de atividade fisica. Com o envelhecimento o processo de perda
de massa muscular € potencializado (DESCHENES, 2004; HUNTER et al., 2004; LANG et al.,
2010), contribuindo para a redug¢do dos niveis de poténcia, forca (METTER et al., 1997) e
resisténcia muscular (SUNNERHAGEN et al., 2000). Deste modo, as atividades diarias
envolvendo agdes excéntricas submaximas (e.g. andar colina abaixo, descer escadas) podem ser
reduzidas nas atividades de idosos.

Além da reducdo das atividades de vida didria, o envelhecimento, por si sé, pode
afetar as propriedades neuromusculares. Como pode ser observado no trabalho de Grimby et al.
(1982), as perdas relacionadas a idade parecem afetar mais o vasto lateral (maior redugdo no
tamanho de fibras rdpidas) do que o biceps braquial. Interessantemente, dois estudos com
acompanhamento longitudinal demonstraram que a perda de forca muscular em membros

inferiores € maior do que a de membros superiores durante o envelhecimento (LYNCH et al.,
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1999; FRONTERA et al., 2000). Possivelmente, este fato decorra do maior desuso da
musculatura dos membros inferiores do que dos membros superiores com o avangar da idade
(LYNCH et al., 1999; FRONTERA et al., 2000) ou mesmo devido a uma menor adaptabilidade
dos idosos as atividades fisicas (LEMMER et al., 2000). Nove semanas de treinamento de forca
para os musculos extensores do joelho promoveram maiores aumentos na forca de uma repeticao
maxima para jovens comparados a idosos, e maiores redugdes foram encontradas para os idosos
ap6s 31 semanas de destreinamento (LEMMER et al., 2000). Foi demonstrado que mulheres
idosas apresentaram dano muscular significativamente maior (5-17% de fibras danificadas
analisadas por microscopia eletronica) do que mulheres jovens (2-5%) apds nove semanas de
treinamento de extensdo de joelho, o que indica menor efeito protetor ao treinamento fisico em
mulheres idosas (ROTH et al., 2000). Adicionalmente, Lavender e Nosaka (2006b) mostraram
que homens idosos parecem apresentar menor efeito protetor (i.e. menor efeito de carga repetida)
ap6s uma segunda sessdo de EE comparados a homens jovens, possivelmente gracas a um
prejuizo na adaptabilidade ao exercicio prévio. O envelhecimento também promove maior perda
de eficiéncia no recrutamento de unidades motoras (LEMMER et al., 2000), prejudicando a
velocidade de conducdo de potenciais de acdo das fibras musculares e a frequéncia mediana do
espectro de poténcia do sinal eletromiogréfico de superficie (BAZZUCCHI et al., 2005). Desta
forma, uma reducgdo nas propriedades adaptativas da musculatura dos idosos poderia acarretar em
menor efeito protetor as atividades didrias nos membros inferiores, aumentando a extensdo do
dano muscular. De fato, Manfredi et al. (1991) compararam o dano muscular de extensores de
joelho ap6s EE e reportaram maior dano focal em fibras de idosos (>90%) do que em fibras de
jovens (5-50%); e Ploutz-Snider e colaboradores (2001) documentaram maiores reducdes nas
forcas concéntricas e excéntricas apds exercicio excéntrico de extensores de joelho para
individuos idosos comparados a jovens. Com uma maior magnitude de dano muscular nos
extensores do joelho de idosos, é possivel que haja uma diminuicio na diferenca da
suscetibilidade ao dano muscular entre flexores do cotovelo e extensores do joelho com a idade,
uma vez que foi demonstrado que o dano muscular nio difere entre flexores do cotovelo de
idosos e jovens (CHAPMAN et al., 2008).

Portanto, o presente estudo comparou a suscetibilidade ao dano muscular induzido
por exercicio excéntrico maximo entre flexores do cotovelo e extensores do joelho em idosos.

Hipotetisamos que a magnitude de dano muscular seria similar entre membros de 1dosos.
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2 Objetivo

Comparar as respostas de dano muscular observadas por meio de marcadores
indiretos (mudanga em torques isométrico e concéntrico, angulo 6timo, amplitude de movimento,
dor muscular e atividade de CK) apds exercicio excéntrico maximo de extensores do joelho e

flexores do cotovelo em individuos idosos.
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3 Artigo original

Apresentaremos a seguir a versdo do artigo original intitulado “Comparison in
responses to maximal eccentric exercise between elbow flexors and knee extensors of older
adults” aceito para publicagdo em revista especializada da drea, contendo a metodologia

utilizada, resultados e discussdo referentes ao projeto de Mestrado que originou esta Dissertagdo.
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Comparison in responses to maximal eccentric exercise between elbow flexors and knee

extensors of older adults

Abstract

Objectives: To compare the susceptibility of elbow flexors (EF) and knee extensors (KE) to
eccentric exercise-induced muscle damage in older individuals, since ageing could modulate the

difference in the susceptibility to muscle damage between muscles.
Design: Cross-sectional and cross-over study design.

Methods: Eight older (61.6 + 1.8 years) adults performed 5 sets of 6 maximal isokinetic (90°- s
eccentric contractions of the EF (range of motion: 80-20°) and KE (30-90°) with the non-
dominant limb in a randomised, counterbalanced order with 2 weeks between bouts. Maximal
voluntary isometric (MVC-ISO) and concentric contraction torque, optimum angle, range of
motion (ROM), muscle soreness and serum creatine kinase (CK) activity were measured before,
immediately after (except CK), and 24, 48, 72 and 96h following exercise. Normalised changes
in the variables following exercise were compared between EF and KE by a mixed model

analysis of variance.

Results: Only MVC-ISO and ROM demonstrated significant group effects (p < 0.05) for the
comparison between EF and KE. Additionally, no significant group vs. time interactions (p >

0.05) were found between EF and KE for any of the dependent variables changes.

Conclusions: These results suggest that the KE of older adults are relatively as susceptible to
muscle damage as their EF, or at the very least, the difference between EF and KE are small for

older adults.

Keywords: Muscle damage; Ageing; Maximal voluntary isometric contraction; Range of motion;

Delayed onset muscle soreness; Creatine kinase.
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3.1 Introduction

Unaccustomed eccentric exercise (ECC) induces muscle damage leading to impaired
contractile muscle function and myofibrillar disruptions (CLARKSON e HUBAL, 2002;
RAASTAD et al., 2010). Muscle damage also decreases range of motion (ROM), causes delayed
onset muscle soreness (DOMS) and increases creatine kinase (CK) activity in the blood
(EBBELING e CLARKSON, 1989; CONCEICAOQO et al., 2012). However, muscle damage
profile is different amongst muscles in young individuals. Several studies have compared the
magnitude of muscle damage following ECC between elbow flexors (EF) and knee extensors
(KE) using young men (JAMURTAS et al., 2005; SAKA et al., 2009; CHEN et al., 2011). It was
reported that decreases in muscle strength and ROM following ECC were greater for EF when
compared with KE (JAMURTAS et al., 2005; SAKA et al., 2009). Chen et al. (2011) added
elbow extensors and knee flexors to the comparison, and found that the susceptibility of muscle
damage judged from several indirect markers of muscle damage (muscle strength, ROM, limb
circumference, DOMS, CK activity, myoglobin concentration and echo intensity) was similar
between elbow flexors and extensors, but less for knee flexors and least for knee extensors. These
authors speculated that the less muscle damage for KE than EF was due to a protective effect of
greater exposure of KE to eccentric contractions of daily activities (e.g. walking down stairs,
walking downhill).

It is important to note that the previous studies mentioned above compared between
limb muscles in young individuals; and no previous study has compared the susceptibility to
muscle damage between EF and KE in older individuals. It has been reported that ageing induces
greater morphological changes in the lower limb than upper limb muscles (GRIMBY et al., 1982;
ANIJIANSSON et al., 1986), and leg muscles (e.g. KE) show greater strength loss than the arm
muscles (e.g. EF) with ageing (LYNCH et al., 1999; FRONTERA et al., 2000). It is possible that
the greater decreases in leg muscle function with ageing compared with arm muscle function
narrows the difference in susceptibility to muscle damage between EF and KE.

Therefore, the main purpose of the present study was to compare the susceptibility of
EF and KE to ECC-induced muscle damage in older individuals. We hypothesised that the

magnitude of muscle damage would be similar between EF and KE in older individuals;
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differently to what was reported in previous studies with young adults. To prescribe ECC to older
individuals safely and effectively, it is important to know whether different limb muscles acutely
respond to ECC similarly, since eccentric training has been shown to be effective for increasing
muscle mass and strength for elderly individuals preventing sarcopenia and dynapenia

(MUELLER et al., 2009; MUELLER et al., 2011).
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3.2 Methods

3.2.1 Subjects

Eight healthy older adults (age, 61.6 £ 1.8 years; height, 1.66 £ 0.04 m; body mass,
75.6 £ 3.5 kg) participated in this study. Sample size was estimated using G*Power (version
3.0.10) and the data of a previous study (CHEN et al., 2011) that examined the effects of EF and
KE eccentric exercise on muscle damage in young subjects was used. It was shown that at least 6
participants were required, based on the alpha level of 0.05, power (1-B) of 0.95, and an expected
difference of 20% between EF and KE exercises for muscle strength recovery at 72h post-ECC.
Exclusion criteria included previous and current musculoskeletal injuries, use of anti-
inflammatory drugs or nutritional supplements and resistance training experience in the previous
12 months. Daily physical activity level was evaluated by a modified Baecke questionnaire for
Brazilian population in which their habitual activities of the previous 12 months were quantified
through 16 questions regarding daily exercises and activities (FLORINDO e LATORRE, 2003),
with the score range being 2 (lowest) — 10 (highest physical activity level). The average Baecke
score (5.3 + 0.4) suggested that the old adults were “moderately active”. The participants were
asked and reminded to refrain from alcohol, not to climb up and down stairs or hills, and not to
carry heavy objects in their daily activities for 72 h before and during the study period. They
provided an informed consent, and the present study was approved by the Ethics Committee of

the Faculty of Medical Sciences of the State University of Campinas.
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Table 1. Baseline values (mean + SEM) of maximal voluntary isometric contraction torque (MVC-ISO) and concentric contraction torque (MVC-CON), optimal

angle (OA), range of motion (ROM) and serum CK activity (CK), and the total work and mean eccentric peak torque developed in the eccentric exercise of the

elbow flexors (EF) and knee extensors (KE).

MVC-ISO MVC-CON OA ROM CK Total work Eccentric torque
(Nm) (Nm) ) ) (IU-Lh () (Nm)
EF 48.3+8.2 385+5.9 59.8+0.3 1248 +2.7 85.5+8.0 1110.6 £212.6 472 +73
KE 167.9 +19.3° 141.4 +12.8° 66.0 +1.5° 128.0+2.4 106.7 £ 29.1 4499.3 +554.6° 228.2+20.1°

% indicates significant (p < 0.05) difference from the EF.
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3.2.2 Experimental design

All participants performed ECC using the non-dominant limb of EF and KE in a
counterbalanced order with two weeks break between bouts (CHEN et al., 2011). Three days
before the ECC bout, indirect markers of muscle damage consisting of maximal voluntary
isometric torque (MVC-ISO) and concentric contraction torque (MVC-CON), optimum angle
(OA), ROM and DOMS measures for EF and KE were performed as familiarisation. These
indirect markers of muscle damage were assessed before, immediately after, and 24, 48, 72 and
96h post-ECC (LAVENDER e NOSAKA, 2006b). Serum CK activity was measured at all time

points except for immediately post-exercise.

3.2.3 Eccentric exercise

The ECC consisted of five sets of six maximal eccentric contractions (90°-s!), with a
60-s rest between sets, on an isokinetic dynamometer (Biodex System Pro 4, NY, USA). For EF
exercise, the shoulder joint was set at 90° flexion and 0° abduction, and the forearm was kept
supinated holding the lever arm of the dynamometer. For both exercises the hip joint was set at
85° of flexion and ROM was 60° (EF: 80-20°; KE: 30-90°). The ROM for both exercises was
smaller than that previously employed (LAVENDER e NOSAKA, 2006b; BARROSO et al.,
2010), limiting the magnitude of muscle lengthening at the end of each eccentric contraction,
because we considered a possible difficulty of the elderly to fully extend the elbow joint
(LAVENDER e NOSAKA, 2006a), avoiding severe muscle damage that might affect their daily
activities. Immediately before each ECC, two sets of three submaximal concentric-concentric
contractions at 90°-s* was performed as warming-up exercise. One second of maximal isometric
contraction at the initial position preceded each eccentric contraction, and the limb was passively
returned to the initial position at 5°-s’'. All participants were verbally encouraged to produce
maximal force in each ECC. Total work and eccentric peak torque were identified using the

Biodex System software.
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3.2.4 MVC-ISO, MVC-CON and optimum angle

MVC-ISO and MVC-CON torques were assessed using the isokinetic dynamometer,
and participants were verbally encouraged to produce maximum force. For MVC-ISO, the
highest peak torque of three maximal voluntary isometric contractions (3-s, 60-s rest between
contractions) were recorded at 50° for EF or 60° for KE. For MVC-CON, the participants
performed four consecutive maximal voluntary concentric contractions at 60°-s-! of the EF or KE
for the same ROM as that of the ECC. The Biodex System software filtered and smoothed the
raw data, and the highest peak torque and the joint angle of the peak torque (optimum angle) of

the elbow flexion and knee extension were identified.

3.2.5 ROM

Range of motion of the elbow or knee joint was assessed with a metal goniometer
(Baseline®, IL, USA) as the difference between actively fully extended and flexed joint angles.
The measurements were performed when the participants were standing. In the ROM assessment
for EF, each participant actively extended the joint angle maximally (extended joint angle) and
tried to touch the shoulder of the same side with the hand (flexed joint angle). Likewise for KE,
each participant actively extended the knee joint maximally (extended joint angle) and was asked
to touch the hip by the heel (flexed joint angle). Each angle was measured three times, and the
mean of three measures was used to calculate ROM by extracting the flexed joint angle from the

extended joint angle (CHEN et al., 2011).

3.2.6 Muscle soreness

Using a 100-mm visual analogue scale (O-mm: no pain, 100-mm: worst pain) (CHEN
et al., 2011), muscle soreness upon flexion, extension and palpation of the EF and KE were
assessed. For EF each participant rated muscle soreness after performing maximal flexion and
extension of the elbow joint. For KE each participant rated their soreness after sitting and rising

from a chair without any help of their arms. Each participant also rated muscle soreness of the EF



26

and KE when the investigator palpated the middle point of each limb. The same investigator
performed all tests and the pressure of palpation was kept as constant as possible. The mean value

amongst the three measures (flexion, extension and palpation) was used.

3.2.7 Serum CK activity

Blood samples (5-mL) were drawn from the antecubital vein for serum CK activity
analysis. Samples were kept at room temperature for 10-15 min to clot, centrifuged for 10 min to
obtain serum and stored at -70°C. Samples were analysed in duplicate spectrophotometrically
(Model U-5100, Hitachi, Tokyo, Japan) with a test kit (CK-NAC, Laborlab, Guarulhos, Brazil).
The intra-assay and inter-assay coefficient of variation (CV) were 6% and 4.5%. The reference

value of CK activity in this method is 24-190 IU-L.

3.2.8 Test-retest reliability

Test-retest reliability was determined using two baseline measures taken three days
prior to and immediately before ECC. The intraclass correlation coefficient and CV (shown in
parentheses) for MVC-ISO, MVC-CON, OA, ROM and DOMS were 1.0 (3.6%), 0.99 (4.3%),
0.03 (9.4%), 0.97 (1.4%) and 1.0 (0%), respectively for EF, and 0.99 (3.2%), 0.99 (6.5%), 0.71
(4.2%), 0.73 (2.9%), and 1.0 (0%), respectively for KE.

3.2.9 Statistical analyses

To compare between EF and KE for baseline measures of the dependent variables and
the total work and mean eccentric torque performed in the ECC, paired t-tests were used.
Normalised changes from baseline in the dependent variables over time were compared between
EF and KE by a mixed model ANOVA with limb and time set as fixed factors, and participants
set as random factor (UGRINOWITSCH et al., 2004). If a significant interaction effect was
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obtained, a Tukey’s post-hoc test was performed to locate significant differences. Statistical
significance level was set at p < 0.05. Data are presented as mean + standard error of the mean

(SEM) unless otherwise stated.
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3.3 Results

Baseline values for the dependent variables and the total work and mean eccentric
peak torque developed in the ECC of the EF and KE are showed in Table 1. Serum CK activity
values were within the normal reference ranges. Significant differences between EF and KE was
demonstrated for the baseline measures of MVC-ISO and MVC-CON (p < 0.001), OA (p =
0.006) and the total work and mean eccentric peak torque developed in the ECC (p < 0.001).
Baseline measures for ROM and serum CK activity did not show significant differences between
limbs (p = 0.291 and p = 0.442, respectively).

Figure 1 depicts the normalised changes in MVC-ISO (Fig. 1A), MVC-CON (Fig.
1B), OA (Fig. 1C) and ROM (Fig. 1D), changes in DOMS (Fig. 1E) and serum CK activity (Fig.
1F) following maximal ECC of the EF and KE. All dependent variables showed significant time
effects MVC-ISO and MVC-CON, p < 0.001; ROM, p = 0.01; DOMS, p = 0.014; and serum CK
activity, p = 0.004), except OA (p = 0.102), demonstrating significant muscle damage regardless
of the limb utilised in the ECC. In addition, significant group effects were found for MVC-ISO (p
=0.009) and ROM (p = 0.049) with EF changes significantly greater than KE changes (Figure 1).
All other variables demonstrated no significant group effects (MVC-CON, p = 0.623; OA, p =
0.841; DOMS, p = 0.094; and serum CK activity, p = 0.716).

Finally, no significant interaction effect was showed for any dependent variable
(MVC-ISO, p = 0.154; MVC-CON, p = 0.291; OA, p = 0.588; ROM, p = 0.258; DOMS, p =
0.906; and serum CK activity, p = 0.123) (Figure 1). These results indicate that the magnitude of
muscle damage is relatively similar between limbs, or, at the very least, the difference in the
magnitude of muscle damage between EF and KE is small for older adults following maximal

ECC.
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Fig. 1. Normalised changes (mean + SEM) in maximal voluntary isometric contraction torque (MVC-ISO, pre-exercise =

100%) (A), maximal voluntary concentric contraction torque (MVC-CON, pre-exercise = 100%) (B), optimum angle (pre-

exercise = 0) (C) and range of motion (ROM, pre-exercise = 0) (D), absolute changes in muscle soreness (E) and absolute

serum creatine kinase (CK) activity (F) following eccentric exercise of the elbow flexors (EF) and knee extensors (KE).
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3.4 Discussion

This was the first study that examined the susceptibility of EF and KE to ECC-
induced muscle damage in older individuals. Main results showed relatively similar or, at least,
small difference in muscle damage between limbs in older adults, since MVC-CON, OA, DOMS
and serum CK activity did not demonstrate significant differences in the magnitude of muscle
damage between EF and KE, and only MVC-ISO and ROM showed group effects, suggesting
greater muscle damage for EF.

The differences found between EF and KE for MVC-ISO and ROM in the older
adults of the present study are smaller than those shown in a previous study that used young
subjects (CHEN et al., 2011), demonstrating a reduction on the difference between limbs with
ageing (the differences between EF and KE were only ~12% for MVC-ISO and ~4° for ROM in
the present study, whilst in Chen’s et al. (2011) they were ~28% and ~8°, respectively). Since the
older adults of the present study were not very old (57-71 years), the group effects found only for
MVC-ISO and ROM could be due to the age of the older adults. Possibly, if we had used even
older subjects, the difference between limbs for these variables would have been even narrower,
similarly to the results of the other makers of muscle damage.

Nevertheless, all other markers of muscle damage utilised in the present study (MVC-
CON, OA, DOMS and serum CK activity) demonstrated no differences between EF and KE
following maximal ECC (Figure 1). These results diverge to previous studies with young adults
reporting that the magnitude of changes in MVC strength, OA, ROM, DOMS, and CK activity
was greater for EF compared with KE (JAMURTAS et al., 2005; SAKA et al., 2009; CHEN et
al., 2011). However, it is not known if this small difference between EF and KE in the current
study was due to smaller EF damage or to greater KE damage to ECC. Chapman et al. (2008)
showed that changes in optimum angle, ROM, upper arm circumference, muscle thickness and
echo-intensity of B-mode ultra-sound and serum CK and LDH activities following EF eccentric
exercise were similar between old and young groups. Regarding KE, Ploutz-Snider et al. (2001)
demonstrated greater concentric and eccentric strength deficits for old than young individuals
after KE eccentric exercise. Similarly, Manfredi et al. (1991) reported greater focal damage in
muscle fibres of elderly (> 90%) compared with young subjects (5 — 50%) after KE eccentric

exercise. These studies indicate that muscle damage of KE increases with age while that of EF
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appears to be similar throughout the ageing process. Thus, it seems that the smaller difference in
muscle damage between EF and KE in the older adults of the present study was mainly due to an
ageing increase in KE damage following maximal ECC.

It was previously shown in young adults that KE damage was attenuated mainly due
to greater exposure of leg muscles to eccentric contractions in daily activities (CHEN et al.,
2011), since submaximal ECC confers protective effect against muscle damage induced by
maximal ECC (CHEN et al., 2007), It is generally shown that the physical activity level is
decreased with ageing (BLACK et al., 1996; WESTERTERP e MEIJER, 2001). A reduction on
the level of daily life activities by the elderly could impair the KE protective effect to muscle
damage, increasing their KE susceptibility to muscle damage. Nevertheless, in the present study,
the older adults reported a “moderately active” physical activity level, what could indicate that
the older participants utilised herein were fitter than those of previous studies. More importantly,
it should be noted that muscle strength reduces with ageing, and leg muscles suffer greater
strength loss than arm muscles (GRIMBY et al., 1982; LYNCH et al., 1999; FRONTERA et al.,
2000). In fact, previous studies reported no significant difference between young and older
subjects for the baseline EF MVC (LAVENDER e NOSAKA, 2006a; LAVENDER e NOSAKA,
2008). For KE, several studies (BALAGOPAL et al., 1997; LYNCH et al., 1999; PLOUTZ-
SNYDER et al., 2001) reported significantly smaller MVC-CON for old than young individuals.
Accordingly, the baseline EF MVC-ISO data of older adults of the present study was only ~3%
different from the baseline MVC-ISO of the young individuals utilised by Chen et al. (2011),
meanwhile the KE MVC-ISO difference was ~22%. Further, it is possible that ageing decreases
trainability and/or adaptability to exercise (LEMMER et al., 2000; LAVENDER e NOSAKA,
2006b); or old subjects could have an adaptive limit to the protective effect of previous ECC, as
suggested before (LAVENDER e NOSAKA, 2006b). Aging also promotes large loss of motor
unit recruitment efficiency (LEMMER et al., 2000), jeopardizing the average muscle fibre
conduction velocity of action potentials and median frequency of the surface electromyogram
power spectrum (BAZZUCCHI et al., 2005), what demonstrates an impairment of the
neuromuscular properties of old people. Thus, it is plausible to infer that old peoples’ leg muscles
have an impaired neuromuscular adaptive process to previous activities, demonstrating less
protective effect to daily life submaximal ECC. Therefore, even though the older adults of the

present study were moderately active, a jeopardized adaptive response of their KE to previous
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activities probably resulted in an increase in KE damage. Further study is necessary to clarify the
mechanisms behind less leg muscles adaptability to previous activities in the elderly.

The findings of the present study raise some important issues regarding eccentric
exercise prescription for older individuals. Eccentric training has been shown to be effective for
increasing muscle strength and volume for elderly individuals to prevent sarcopenia and
dynapenia (MUELLER et al.,, 2009; MUELLER et al.,, 2011). Rantanen et al. (1997) have
reported that KE strength predicts the levels of dependency and survival, so eccentric training of
KE should be encouraged to the elderly. However, it has been documented that older individuals
have less adaptability to eccentric exercise than young individuals (LAVENDER e NOSAKA,
2006b). Thus, some caution is necessary when implementing eccentric exercise to elderly or frail
individuals, since it could result in acute decreases in muscle function that might negatively
affects their daily activities, and increases weakness and fatigability (CLARKSON e HUBAL,
2002), enhancing the risk of injuries due to falling.
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3.5 Conclusion

The older adults showed relatively similar muscle damage between EF and KE, or at
the very least, the differences in ECC-induced muscle damage between limbs were small for
older adults. This could be due to impaired muscle adaptive responses of the elderly’s leg

muscles to daily activities.
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3.6 Practical implications

* When prescribing eccentric training for older adults it should be considered that
their knee extensors are to some extent as susceptible to muscle damage as their elbow flexors.

* When older individuals perform eccentric exercise of leg muscles, caution is
necessary to avoid a possible large dynamic strength loss which can increase the risk of injuries
due to falling.

* Ageing narrows the difference in the susceptibility to muscle damage between

elbow flexors and knee extensors.
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4 Conclusoes

* A partir dos resultados obtidos neste estudo, observamos que em individuos
idosos, os musculos extensores do joelho sdo relativamente tao suscetiveis quanto os flexores do
cotovelo ao dano muscular induzido por exercicio excéntrico maximo.

* Estes resultados sugerem que a diferenga entre extensores do joelho e flexores do
cotovelo quanto a suscetibilidade ao dano muscular realmente diminui com o envelhecimento.
Isto parece ocorrer devido a um prejuizo na resposta adaptativa muscular dos idosos as atividades
de vida didria.

* Estas conclusdes devem ser consideradas e enfatizadas diante de propostas de
programas de treinamento fisico, em que seria interessante enfatizar ganhos de massa magra e
forca de membros inferiores de idosos, uma vez que niveis de for¢a de extensores do joelho
predizem niveis de dependéncia e sobrevivéncia para esta populacgao.

* A prescricdo de treinamento excéntrico para idosos deve considerar que os
extensores do joelho ndo sdo necessariamente resistentes, ou possuem efeito protetor prévio ao
dano muscular, o que poderia aumentar a fatigabilidade, fraqueza e, por fim, aumentar o risco de

quedas.
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6 Apéndices

6.1 Anamnese

Nome:

Telefone: Peso: Estatura:

Email:

Idade: anos Data de Nascimento: / /
Data: / / Horario:

Sintomas atuais:

( )Nenhuma ( )Dornopeito ( )Faltadear ( )Palpitacbes ( ) Desmaio
() Dor na coluna () Dor em outras articulagdes () Outras.......ccoeeeevvuveerneennee

ODSEIVAGOES: .eveeeurreeeuiieeaiiteeeiteeeitteeeteeeateeessteeasseeeasseessseessseessseesnseeesssseensseesnssesensseesnsseens

Atividade Fisica:

( ) Pratica ha ................... Modalidade:............ccccuunneee... Freqiiéncia: ........... / sem.
() Praticou hd ............... Tempo de pratica: ................. Modalidade: ....................

Antecedentes Pessoais:

() Nenhum () Infarto do miocardio () Asma/Bronquite () Convulsiao

() Renite alérgica () Diabetes ( ) Colesterol alto ( ) Anemia ( )Pressdoalta ( )
Derrame cerebral = () OULTAS: ...coocuvvvieiiiiieeeeieeee e

Cirurgia: ( ) NGO () Sim. QUAL(IS)? weeeeirieiiiieiiteeiee ettt
Fratura: ( )NAo () Sim. QUALIS)? wevvvreieieieiieieieeeiee et
Entorses: ( ) Nao () Sim. QUAl(IS)? ..eceeiiiiiiiiieee e

Gestagoes: ()  Partos () Cesareas () Abortos ()

Faz uso de algum medicamento: ( ) Ndao () Sim.

QUAL(IS ) 7. ettt et e et et e e e e e e et et b e e e e e e e e eeaetbaraeeaaeeeeaattararaaeeeeeaannne
Etilismo: ( ) Nao () Sim. Dias/Semana ? ...........coooeevvriieieeeeeiiiiiiieeee e
Tabagismo: () Nunca ( )Parouha ............... ()SIm, ceeeiieiiineee, anos.

Antecedentes familiares:
() Nenhum () Infarto no miocardio  ( ) Morte sibita  ( ) Derrame cerebral

( ) Obesidade ( )Pressdoalta ( )Diabetes ( ) OUtros: .......ccovvviviiiienieenereneennnnn.



45

6.2 Termo de consentimento formal livre e esclarecido (TCFLE)

CONSENTIMENTO FORMAL DOS VOLUNTARIOS QUE PARTICIPARAO DO PROJETO DE
PESQUISA “Dano muscular e efeito de carga repetida: comparacao entre membros inferiores e superiores de
homens idosos”.

RESPONSAVEL PELO PROJETO: Profa. Dra. Mara Patricia Traina Chacon-Mikahil
Mestrando: Felipe Romano Damas Nogueira
LOCAL DO DESENVOLVIMENTO DO PROJETO: Faculdade de Educagao Fisica (UNICAMP)

Eu, , anos de idade, RG ,
residente a Rua (Av.) , prontudrio do HC ,
voluntariamente concordo em participar do projeto de pesquisa acima mencionado, que serd detalhado a
seguir.

E de meu conhecimento que este projeto serd desenvolvido em caréter de pesquisa cientifica e objetiva
verificar os efeitos da aplicacdo de protocolos de agdes excéntricas sobre o dano muscular e efeito de carga
repetida gerado em flexores do cotovelo e extensores do joelho. Estou ciente, de que, antes do inicio do
experimento, serei submetido a uma avaliacdo clinica e diagndstica, que constard de uma anamnese, exames
clinicos e fisicos, a serem realizados no Laboratério de Fisiologia do Exercicio (FISEX) da Faculdade de
Educacdo Fisica (FEF) da UNICAMP em parceria com o HC/UNICAMP. Estas avaliacOes servirdo para a
identificacdo de eventual manifestacdo que contra indique a minha participacdo no programa.

Ap6s a avaliacdo clinica, serei submetido a uma série de testes funcionais ndo invasivos no FISEX/FEF,
que sdo: 1) Avaliagdes Cardiovasculares, 2) Avaliagao da Forca Muscular isométrica maxima 3) Avaliacdo
bioquimica (CK) do sangue 4) Avaliacdo da amplitude de movimento dos flexores do cotovelo 5) Avaliacdo da
circunferéncia do brago 6) Avaliacdo da dor muscular de inicio tardio. Estou ciente de que estes testes funcionais
serdo realizados nas fases pré e apds o programa, o que despenderd certa quantidade de horas.

Com referéncia ao protocolo de a¢des excéntricas maximas, todos os sujeitos visitardo o laboratério
cinco dias consecutivos em duas semanas, com quatro semanas de pausa entre elas. Passadas duas semanas, o
mesmo procedimento ocorrerd invertendo os grupos (flexores do cotovelo e extensores do joelho). Tal
protocolo consiste na realiza¢do de cinco séries de seis repeticdes maximas de agdes excéntricas. Esse protocolo
foi construido embasado em estudos anteriores da literatura mundial. Todo procedimento do estudo serd
realizado nas dependéncias da FEF/UNICAMP, sendo devidamente orientado, tanto em relacdo aos beneficios
como em relacdo aos sinais, sintomas e manifestacdes de intolerancia ao esfor¢o que poderei ou nao apresentar.

Estou ciente ainda, de que, as informacdes obtidas durante as avaliacOes laboratoriais e sessdes de
exercicios do programa de treinamento serdo mantidas em sigilo e ndo poderdo ser consultadas por pessoas
leigas, sem a devida autorizac¢do do responsdvel pela pesquisa. As informagdes assim obtidas poderdo ser usadas
para fins de pesquisa cientifica, desde que a privacidade seja sempre resguardada.

Li e entendi as informacdes precedentes, sendo que eu e os responsdveis pelo projeto ja discutimos todos
os riscos e beneficios decorrentes deste, onde as duvidas futuras que possam vir a ocorrer poderdo ser
prontamente esclarecidas, bem como o acompanhamento dos resultados obtidos durante a coleta de dados.
Também estou consciente de que esse projeto nao envolve nenhum tipo de custo financeiro para o voluntério e
que a participacdo nele ndo € passivel contribui¢do em dinheiro ou qualquer outro tipo de beneficiamento.

Comprometo-me, na medida das minhas possibilidades, prosseguir com o programa até a sua finalizacao,
e colaborar para um bom desempenho do trabalho cientifico dos responsdveis por este projeto.

Campinas, de de 2011.




Sr. voluntario

Mestrando Felipe Romano Damas Nogueira
Faculdade de Educacdo Fisica

Laboratorio de Fisiologia do Exercicio
Telefone para contato: 3521.7493
felipedamasfl @ gmail.com

Profa. Dra.Mara Patricia Traina Chacon-Mikahil
Faculdade de Educacdo Fisica

Laboratorio de Fisiologia do Exercicio
marapatricia@fef.unicamp.br

Comité de ética em pesquisa
FCM - Universidade Estadual de Campinas
Telefone para contato: 35218936
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6.3 Ficha de avaliacao voluntarios

Avaliacio Voluntarios — Projeto Mestrado — Felipe Romano Damas Nogueira

Data: ! ! Periodo ciclo menstrual:
Mome: N° Grupo:
Data nascimento: / / Peso: Kg | Altura m | BAEKE:

Género: D Masculino D Feminino

Dominancia;

=]

MMII m n

ROMI (média das 3 diferencas)

Flexio Cotovelo
e
e e
Post 1_];:;::
M e
i
e
e

Extensio Joelho

720 FLIT;;
Pre l-i ;
Pust l-—i ;
24h FLIT;;

Ext.
48h Flex.
71h FLIT;;
96h FLIT;;
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Nenhuma 1
DOR 728

Clre Q=

DOR (valor = média das trés)

Munta,
muita DOE

s O=

Post

Muita,
muita DOR

Nenhuma

DOR

48h

O=c O=r

Mnita,
muita DR

Flexio |

Extensio |

Palpacic |

Nenbuma
DOE

Flexio |

Pre

Osc Oz

AMuita,

48

muita INOR

Extensio |

Palpacio |

Menhuma

DOR 24h

O=c O=

Mpuita,

muita DOR

Flexio }

Extensio |

Palpagio |

Nenhuma

DOR

OJc O=r

72h

Muita,

muiia DOR

Flexao |

Extensio |

Palpacio |
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Nenhuma Muita
Bah FC El "
DOR D D muita DR
Flexdo | I
Exftenséo | I
Palpaio | |
Nenhuma Auita, _ .
Pre D FC D EJ , ’ MNenhuma BT Muita,
DOR muita DOR DOR rost  [J¥C [ muita DOR
Flexdo | , Flexdio | |
Extensiio | } Exteasc | |
Peipaga] | Paipacio |
Nenhuma Muita Nenhuma Muita
24h FC EI > 48h FC EI s
DOR I:I D muita DR DOR I:I D muita MR
Flexio | I Flexdo | I
Extensiio | I Extensio | I
Palpagic | | Palpagio | |
Nenbuma Muita Nenhuma Muita
- FC EJ ’ %k FC EJ '
DOR 72k O ] muita DOR DOR O O muita DOR
Flexio | I Flexiio | }
Extensio | I Extensao | I
Palpacio | | Palpacio | I



Posicionamento do Dinamometro
Solo:
Inclinacio: 0
Rotacio: 0
Braco:
Altura:

Braco de apoio cotovelo:

Posicionamento do Dinamometro
Solo:
Inclinacio: 0
Rotacio: 90"
Braco:

Altura:

Exercicio Excentrico

Flexores de Cotovelo

Posicionamento da Cadeira
Solo:
Encosto:
Rotacio: 0
Altura:

Inclinacio: §5°

Extensores de Joelho

Posicionamento da Cadeira
Sole:
Encosto:
Rotacio: 90"
Altura:

Inclinacio: 85"
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Forca Isometrica

Flexio Cotovelo

-71h

Pre

Post

24h

45h

72h

96h

Pico torque

Série 1

Série 2

Série 3 Série 4 | Série s

Flexio
Cotovelo

Extensio
loelho

Extensio Joelho

-T2h

Pre

Post

4h

45h

51

12h

96h

Trabalho

Série 1

Série 2 | Série 3

Série 4

Série 5

Tatal

Flexdo
Cotovelo

Extensio
Joalho

Anguln Otimo (4 contr. concént. (60°.57) - angulo do > Tul'que}

Flexiao Cotovelo torque Extensio Joelho | torque
-72h -12h

Pre Pre

Post Post

24h 24h

45h 43h

72h 12h

96h 96h

Obs:



7 Anexo

Parecer do Comité de Etica em Pesquisa

|/ FACULDADE DE CIENCIAS MEDICAS
ALY COMITE DE ETICA EM PESQUISA
t-"::’ ??’S_E:.: % www fomuunicamp b femdpesguias
CEP, 2806111,

{PARECER CEP: 3" Z5052003)

PARECER

1- IDENTIFICACAO:

PROJETO: “ANALISE DAS ADAPTACOES ORGANICAS AOQ TREINAMENTO
FISICO EM HOM,ENS SAUDAVEIS DE MEIA IDADE EM RESPOSTA A UMA
SEQU~ENCIA FIXA DE EXECUCAOQ DURANTE A SESSAO DE TREINO:
EXERCICIOS AFROBIOS E EXERCICIOS DE RESISTENCIA MUSCULAR
LOCALIZADA™.

PESQUISADOR RESPONSAVEL: Mara Patricia Traina Chacon-Mikahil

Il - PARECER DO CEP.

3 Comité de Etica em Pesguisa da Faculdade de Ciéncias Médicas da UNICAMP
temou ciéneia e aprovou o Adendo do projeto “DANG MUSCULAR E EFEITO DE
CARGA REPETIDA: COMPARACAO ENTRE MEMBROS INFERIORES E
SUPERIORES DE HOMENS 1DOS0S", que derd  incluido no  projeto
“TREINAMENTO FISICO: DENEFICIOS A SAUDE DE HOMENS ADULTOS
ENYELHECENDO", j4 aprovado pelo comité, reférente ao protocole de pesquisa
supracitadao.

O comeindo @ as conclusdes agui apreseniados sio de responsabilidade exclusiva do
CERFCMUMNICAMP e ndo representam a opinido da Universidade Estadual de Campinas
NEm 2 comprometem.

Il - PATA DA REUNIAO,
Homologada na V1 Reunific Drdinél;ia do CEP/FCM, em 28 de junho de 2011,

C‘%}ﬁm
Prof. Dr, Carlos Eduardo Steiner

PRESIDENTE do COMITE DE ETICA EM PESQUISA

FCM F UNICAMP
Camiif de Etica em Progeiia - LNICAME
Hea; Tesadlin Vieirs de Castacgs, FD§ FONE @19} 35205930
Cabym Pasial 6111 FAX 09195 35217187
1508 3-B5T Campleas - 5P el m sk arg br

Figina | de |



S FACULDADE DE CIENCIAS MEDICAS
%’E% COMITE DE ETICA EM PESQUISA
>

Wfdﬁ_‘ & wowow femeunicamp.br'fermpesquisg
LI M AR B
CEP, 2RM06:11.

(PARECER CEP: N* 251/2003)

PARECER

1- IDENTIFICACAD:

PROJETO: “ESTUDO DAS ADAPTACOES MORFOFUNCIONAIS EM HOMENS
SAUDAVEIS DE MEIA IDADE UTILIZANDO-SE UMA SEQUENCIA FIXA DE
EXECUCAQ DO TIPO DE EXERCICIO DURANTE A SESSAO DE TREINO:
EXERCICIOS DE RESISTENCIA MUSCULAR LOCALIZADA E EXERCICIOS
AEROBIOS™.

PESQUISADOR RESPONSAVEL: Mara Patricia Traina Chacon-Mikahil

II - PARECER DM CEP.

O Comité de¢ Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP
tomou ciéneia ¢ aprovou o Adendo do projeto “DAND MUSCULAR E EFEITO DE
CARGA REPETIDA: COMPARACACOQ ENTRE MEMBROS INFERIORES E
SUPERIORES DE HOMENS IDOS0DS", que sera  incluide no  projeto
“TREINAMENTO FISICO: DENEFICIOS A SAUDE DE HOMENS ADULTOS
ENVELHECENDO®, ji aprovado polo comitd, referente ao protocolo de pesquisa
supracitade,

O conteddo ¢ as conclusdes agui apresentados 8o de responsabilidade exclusiva do
CEFFCMAMMICAMP ¢ ndo representam a opinide da Universidade Estadual de Campinas
AEM & COMmpnmeten.

1l - DATA DA REUNLAO.,

Homologade na VI Beuni@o Ordindria do CEF/FCM, em 28 de junho de 2011,

Prof. Dr. Mm Stelner
PRESIDENTE do COMITE DEFETICA EM FESQUISA

FOCM / UMICAMP

Comicg de Exicr em Pesquise « UNIU AN

Rune Testdli Vieird de Camergn, 136 FOONWE 019 BAZ1-R934
Caixd Poanal €111 FAX (089 35R1-71R7
I HARSET Capin s = SF erpEicm. unicamp e

Fhgina | de |
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(PARECER CEF: N* 49672005)
PARECER

1- IDENTIFICACAO:

PROJETO: “EFEITO DO TREINAMENTO COM PESOS S0BRE INBIE]ADDRES
DA COMPOSICAQ CORFPORAL, HIPERTROFLA MUSCULAR E PARAMETROS
FISIOLOGICOS DE HOMENS IDDSOS™,

PESQUISADOR RESPONSAVEL: Mara Patricia Traina Chacon-Mikahil

Il - PARECER DD CEF.

0 Comité de Etica em Pesquisa da Faculdade de Ciéncins Médicas da UNICAMP
tomou ciéncia & aprovou o Adendo do projete “DANO MUSCULAR E EFEITO DE
CARGA REPETIDA: COMPARACAOQ ENTRE MEMBROS INFERIORES E
SUPERIORES DE HOMENS IDOSOS", que csera incluide no projelo
“TREINAMENTO FiSICO: DENEFICIOS A SAUDE DE HOMENS ADULTOS
ENYELHECENDO®, ji aprovade pelo comité, referente ao protocolo de pesguisa
supracitade,

O conteddo e as conclusies aqui apresentados s8o de responsabilidade exclusiva do
CEPFCMUNICAMP & niio representam 8 opinifie da Universidede Estadual de Campinas
nem i CHmprometem,

111 - DATA DA REUNIAD.
Homologado na Vi Beuaifio Crdindria do CEP/FCM, em 28 de junho de 2011,

x
Prof. Dr, Ca r%s E.duaﬂin Steiner

PRESIDENTE do COMITE DE ETICA EM PESQUISA

FOM / UNICAMP
Comit de Bties em Prsgaisi - UNICANMEP
Rax: Teudilia Vieirs de Cafiargo, 126 FOMSE DY) BERE-A33E
Caing Pidal 6111 FaAX (089 3520-718T
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(PARECER CEP: N° 248/2004)

PARECER

I - IDENTIFICACAO:

PROJETO: “EFEITOS DC TREINAMENTO CCM PESCS ASSOCIABC AC
TREINAMENTO AEROBIO SOBRE AS VARIAVEIS MORFOLOGICAS,
FUNCIONAIS E CARDIORESPIRATORIAS EM MULHERES MENOPAUSADAS
SAUDAVEIS”.

PESQUISADOR RESPONSAVEL: Vera Aparecida Madruga

II - PARECER DO CEP.

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP
tomou ciéncia e aprovou o adendo que inclui o projeto “EFEITOS DE DIFERENTES
PROTOCOLOS DE ACOES EXCENTRICAS NA MAGNITUDE DO DANO
MUSCULAR EM HOMENS JOVENS”, com finalidade de mestrado do aluno Miguel
Soares Conceigao, referente ao protocolo de pesquisa supracitado.

O contetido e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e ndo representam a opinido da Universidade Estadual de Campinas
nem a comprometem.

III - DATA DA REUNIAO.
Homologado na XII Reunido Ordinérina do CEP/FCM, em 21 de dezembro de 2010.

Prof. Dr. Carlos Eduardo Steiner

PRESIDENTE do COMITE DE ETICA EM PESQUISA

FCM / UNICAMP
Comité de Etica em Pesquisa - UNICAMP
Rua: Tessélia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX (019) 3521-7187
13083-887 Campinas —SP cep@fem.unicamp.br
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